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SUMMARY

To prepare garlic flavor materials, firstly the enzymatic technique was applied to
extraction after crushing and pulperizing. Several commercial cellulases and pectinases
were tested to select for the proper process. Rapidase lig(+) which was a mixture of
hemicelluase and pectinase was selected as the best enzyme suitable for the purpose to
convert insoluble particles into soluble or dispersible and reduce its viscosity at high
concentration{approx. 65 Brix). After then, the enzymatic reaction conditions were
determined as E/S ratio of 0.5% and reaction time of 3 hrs at 50C considering particle
sizes, viscosities and representative garlic flavor components(diallyl disulfide and diallyl
sulfide). The final viscosity was around 5,000cps at 25C after vacuum evaporation to
65Brix. Whereas, to prepare garlic oleoresin from the residue of pulperizing, some kinds
of drying methods and solvents were evaluated in aspects of flavor characteristics and
yields. As results, vacuum drying and 95% EtOH were selected to prepare the oleoresin
from the residue, and then Response Surface Method(RSM) was performed to optimize
the extraction conditions considering the solvent amount and extraction time. The
optimum was 851-fold(w/w) of dried residue and 7.1 hrs.

In case of red pepper flavor materials, we tested same procedure to be done for
garlic oleoresin. As results, the proper solvent was 95% EtOH and optimum conditions
were 14-fold of dried red pepper and 85 hrs.

To prepare the garlic and red pepper flavor microcapsules by spray drying, we
optimized wall materials, emulsifying conditions and spray drying conditions. The
mixture of garlic enzymatic extract and garlic residue extract by 95% EtOH as ratio of
4 : 1 was used as the core for the garlic microcapsule, and the red pepper extract by
95% EtOH .Was used for the red pepper microcapsule. The wall materials were
optimized to 100% gum arabic for garlic flavor and the wall : core ratio of 4 @ 1,
whereas, 100% modified starch and ratio of 3 : 1 for red pepper’'s. The optimum
homogenizing pressures were 6,000 psi for garlic’'s and 5000 psi for red pepper’s
respectively by assay of surface DADS, capsaicinoids. To optimize spray drying

conditions, we designed the experimental conditions on two factor as atomizer speed
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and inlet temperature of spray dryer by Response Surface Method(RSM). And we
determined several factors as total DADS, total capsaicinoids, surface capsaicinoids,
uniformity, particle size, flowability and floodability, and modified by SAS program,
Optimum conditions of garlic flavor microcapsule were inlet temperature of 164C and
atomizer speed of 9,750 rpm, whereas red pepper’s conditions were inlet temperature of
1575C, atomizer speed of 11,146 rpm. The microcapsules prepared at optimum
conditions were tested on their flavor release properties, and were coated secondarily by
fluidized bed dryer with a modified starch(78-0508) for control of flavor release. As
microcapsules were coated, they released DADS(garlic flavor) and capsaicinoids(red
pepper flavor) depending on time and temperature. We, therefore, added the ability of
controlling of flavor release to microcapsules by 2nd coating. Microcapsules and their
2nd coated products were studied on moisture absorption and desorption properties by
dynamic vapor system(DVS-1). That proved that 2nd coated products had been
improved in aspect of desorption ability by coating with the modified starch(78-0508)
and it was thought to be due to the desorption property of 2nd coating wall material.
Conclusively, 2nd coated microcapsules were able to release their flavor under control
of time and temperature and had the stability against water in industrial processes by
2nd coating.

Five fruit flavor compounds having boiling point of 90~200C were selected as core
materials and their mixture was incorporated with rapeseed oil (flavor mixture to
oil=1:4). Flavor compound mixture to wall material ratio of 1:4 was selected, and the
amount of maltodextrin was fixed to 30% of the wall material mixture. Gellan gum was
selected as an additional wall material to increase emulsion stability. The optimum
combination ratio of the wall material mixture for maximal total oil retention and
minimal surface oil content is: 30.0% MD; 26.4% GA; 39.6% MS; 4% gellan gum.

Using the wall system selected, emulsion process for microencapsulation was
optimized on the change of the pressure of piston-type homogenizer. Emulsification
pressure of 345 MPa was found to be the most suitable for preparing flavor emulsion.

Effects of drying temperature and atomizer speed of the spray drier on total oil, surface
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oil, and flavor release of the flavor powder were investigated using response surface
methodology. The optimum spray drying conditions for minimal surface oil and flavor
release and maximum total oil were 170C inlet temperature and 15000 rpm atomizer
speed. Single encapsulated powder was coated with hydrogenated palm kerel oil in
fluid bed granulator. Double encapsulated powder had a larger particle size and a lower
moisture uptake, and was more stable against oxidation. The optimum combination ratio
for 8 CD-flavor complex was 1:10 of flavor and ACD. £CD-flavor complex was very
stable against oxidation and humidity compared to flavor microcapsule prepared with
wall system. As coacervation process for flavor encapsulation was optimized, maximum
coacervated yield was obtained at 7 ‘hrs of coacervation time, gelatin and «
-carrageenan ratio of 1:1.2, pH 3.16 and 6% solid concentration.

Controlled release from flavor encapsulated powder prepared using several wall
materials and encapsulation technique was carried out. Time-dependent release (TDR)
and melting-activated release (MAR) from flavor microcapsule prepared with wall
system and B CD-flavor complex were observed. In the results of TDR, flavor from
wall system was continuously released during storage period. As flavor encapsulated
powders were dissolved in distilled water at different temperature, MAR was observed.
Flavor release from wall system was not greatly affected by the temperature of water,
otherwise flavor release from ABCD was increased as temperature increased. Flavor
release frorh double encapsulated powder ranged from 45 to 55% when incubation
temperature did not exceed the melting point of coating fat, but increased to 65~85%

when incubation temperature exceeded the melting point of coating fat. As PSR was

observed at various pH range, flavor was greatly released at pH 7.

In aerobic organisms, reactive oxygen species (ROS) are continually produced from
molecular oxygen through enzymatic and non-enzymatic reactions. These reactive
oxygen species are highly reactive and have been implicated in numerous pathological
process of many degenerative diseases. The evolutionary survival process has provided
aerobic organisms with well-balanced mechanisms to neutralize the oxidative effects of

oxygen and its reactive metabolites. Although, reactive oxygen species cause extensive
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damage to DNA, proteins, lipids and have been implicated in pathophysiology under
conditions in which their levels are eievated for extended periods of time. Exposure to
redox cycling xenobiotics, tissue reperfusion and inflammatory conditions are notable
examples of conditions that produce ROS-dependent injury. '

In many of these instances, elevation of intracellular SOD enzymes, which catalyze
the dismutation of superoxide, have been shown to attenuate injury responses. So, we
adopted superoxide dismutase as a defense system and prepared from barley. As the
harvesting season of the barley was limited, we used hyponex cultivation for producing
SOD and established a optimum conditions for growth. However, SOD enzyme
treatment has shown some limitations, such as impermeability to cell membrane, and
short half-life. To circumvent these problem, we developed liposome-mediated delivery
of SOD and searched membrane-permeable SOD mimics possessing superoxide
dismutase like activity. We evaluated the ability of chlorophyll derivatives to scavenge
reactive oxygen species. In the result, we suggested liposome-capsulated SOD and SOD
mimics could be used as functionallized-food additives and pharmaceutical agents.

In recent, the number of adult people who have been suffering from
hypertension and/or apoplexy has been increasing. And they have been appeared as the
major causes of geriatric diseases. To overcome these problems we had better _take
some kinds of seafoods containing polyunsaturated fatty acid because of the high ability
va reducing the pressure and the amount of cholesterol in blood. However, the 3
polyunsaturated fatty acid has detrimental disadvantages of unstability against the
oxidation and deterioration from environmental conditions. To solve these problems, it is
necessary to provide microcapsule containing 3 polyunsaturated -fatty acid under the
optimal conditions of microencapsulation process. Therefore, microencapsulation
technology can be applied to food and pharmaceutical industries and develop new kinds
of food materials and foodstuffs.

At first, we have tried to estabilish the optimal conditions for the stable emulsion
which was composed of DHA(docosahexaenoic acid, Czz6) as a core material and [waxy

corn starch+agar] as a wall material. And secondly, we have succeeded to form the
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most stable microcapsule containing DHA from seafoods. In other words, the optimal
conditions for the formation of microcapsule using extrusion technology were able to be
determined by response surface methodology. Finally, we have measured the thermal
stability and pH stability of the microcapsule obtained from above technique. And we
could find out the high applicability of the microencapsulation technique to food
industry by the help of statistical work of scale up.
By these concepts and strategies, we could get results for the preparation of stable
emulsion and microcapsule containing DHA oil.
The results are as follows,
[ 1] Results for the stable emulsion:
[Core material] : [Wall material]l = 6 : 4(w : w)
Emulsifier : Polyglycerol polyricinoleate(0.25% ) + Sorbitan monolaurate (0.25%6)
Temperature : 65C
Emulsion stability index: 100% at 2 hrs of storage temperature of 65C
[II] Results for the stable microcapsule:
[Core material] : [Wall material] = 49 : 51 (w : w)
Emulsifier : Sorbitan monolaurate (0.5%)
Wall material : Agar(0.5%) + Waxy corn starch(0.25%)
Optimum temperature of dispersion fluid : 19.4C
Yield of microencapsﬁlation 1 99.91%
[M] Results for storage stability and scale up:
Optimum temperature for the long shelf-life time : 20~25C
Optimum pH for the long shelf-life time : pH 7.0
Scale up factors do not affect to microencapsulation yield
Conclusively, we can produce effectively the microcapsule containing ®3
polyunsaturated fatty acid (e.g. DHA and/or EPA). And this technology will be a good
tool for enhancing and improving the quality of food materials and the microcapsule
made by this microencapsulation technique can be used to the field of drug delivering

system as the new kind of transporting tool.
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Red pepper oleoresin is an alternative process to minimize lowering in the quality of
red pepper during storage, to improve the original flavor and taste, and to provide
different functionality in a variety of foods. However, most liquid oleoresin are
chemically unstable in the presence of oxygen, light, moisture, and heat. The
microencapsulation of red pepper oleoresin can be expected to give a convenience in
handling, and the further extention of shelf life.  This study was performec} to
investigate on the quality stability during storage of microcapsule of red pepper
oleoresin powder.

A precise and accurate method for the quantitative determination of capsaicinoids in
microcapsule has been developed. Among seventeen solvents used for solubilizing wall
material (gum arabic and modified starch), of microcapsule dimethylsulfoxide (DMSO)
was selected as a optimal solvent. The extracting conditions of oleoresin from
microcapsule were studied. The most appropriate mixing ratio of microcapsule to
DMSOQ, carrier solubilizing-temperatures and times, mixing ratio of ethanol to DMSO,
vortexing time, and centrifugation conditions were 1 to 10(w/v), 55C for 30min, 8 to 1,
5 min at 40Hz, and 21000 rpm for 15 min, respectively. The precipitant was reextracted.
The extracted supernatants were combined. and adjusted to final volume of 25ml.
Extracted solutions were analyzed for quantitation of total capsaicinoids by employing
HPLC and for quantitation of total carotenoids by spectrophotometric method. This
method was uéed to monitor thermal stability and quality change of capsaicinoid ad
carotenoids during storage of red pepper oleoresin microcapsule powder were studied.

Three combination of two wall materials (gum arabic and modified starch) such as
100:0¢w/w), 50:50(w/w), 0:100(w/w) have been tried of which the combination of gave
the best storage stability. Degradation of capsaicinoids and carotenoids during storage
of microcapsule at temperatures ranging from 45C to 105C followed first order kinetics.
Capsaicinoids in both control{oleoresin) and microcapsulated oleoresin and was
comparatively stable upon heat treatment than carotenoids. The combination of
50:50(w/w) was superior to the other combinations in improving retention of carotenoids

and capsaicinoids. Carotenoids and capsaicinoids in red pepper oleoresins encapsulated
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with a combination of 50:50(w/w) had a predicted half life of 20.4 weeks and 46.2
weeks at 45C compared to 124 weeks and 33.0 weeks for oleoresin alone, respectively.
Encapsulation of oleoresin with a wall composition of gum arabic and modified starch
(50:50, w/w) increased half life of carotenoids and capsaicinoids 2.2 to 25 times and
14 to 3.2 times over the control depending on the incubation temperature used. And
the degree of extention is increased with increase of storage temperature. Heat induced
color deterioration in oleoresin and red pepper d]eoresin microcapsule was studied.
Based on comparison between the magnitudes of L-Lo, a-ao, b-bo, apparent color
deterioration of microcapsules during storage appeared to mainly come from the
decrease in ‘a’.

Stability of microcapsule (gum arabic and modified starch= 50:50, w/w) was studied
at 11% and 32% RH and 25C, 35C, 45C. The rate of carotenoid oxidation and
capsaicinoid degradation was faster at high temperatures. And 32% RH slightly
accelerated carotenoid oxidation and capsaicinoid degradation during the three weeks of
storage compared to 11% at investigated temperatures.

Red pepper oleoresin microcapsule with a combination of gum arabic and modified
starch in the ratio of 5(_) to 50(w/w) was sélected for further evaluation of effects of
carrier level. Microcapsules with three combination of carrier level, the ratio of core
oleoresin to wall material, such as 892(w/w), 10:90(w/w), 12:88(w/w) have been
prepared. As the proportion of carrier increased, the amdunt of surface capsaicinoids
decreased. The highest storage stability was obtained in the microcapsule with a
highest carrier level, 8:92(w/w). Carotenoids and capsaicinoids in red pepper oleoresins
encapsulated with a carrier level of 8:92(w/w) had a predicted half life of 40.8 weeks

and 12.6 weeks at 45C, respectively. The use of high percentage of wall material to

core did not increase color loss.
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83to] model system& AxFI )AL o]l &3 wAFEsd UF F FHE AL
At £, A2 A Fd FAAsA YA == A EHEA o]&H2 Y+ vhs
F 23 Bt BINAE SdHA 4F AFAZRTE T GAEA ALY F JAEE F
N3 AxEH e} SoiFEd o3 A2 & FUSHLS Ad
IR ELE=2e g 3 A

8, 4F9 Fr|PJES viAAEsse A7 HPdd FFUAES FHlY Jled HE
o Mz esAL 2 AdEs 7S APk 2F Y2 SODY I fAEZ
of dig AFE AYsHgrh.

GAE FEAMREEH At o2& ER{HFEA olEII7A FY FA AESAH A O
3 2R A YsieQe 2 FAJF A AFAZE(Reactive Oxygen Species) 2.2 43X 32
Atk d719 209%E AR AE AT I7|FHY dAE e ddFdE AESA A
energy 3AHS 1% 43hA Qaks AL T AARREA HF AAFEAZA A 4
AE wol 2L FAYsEY oL, 1F FA49 AAE superoxide radical(Oz),

hydroxyl radical(OH - ), hydrogen peroxide(H:02) 5¢ ZAAdaxF o2 Holdn. o|EA

Z2E8S Azsta o8

o
o

oY BA AAxFo o sbF Festy, A MAR o]FojAE o] AAJ u=2
superoxide dismutase(SOD, EC 1.151.1) €& Zeltk. SODE O & H:0:9% 02 H$
A7le e Eo] o2 0 & AASE 98S It SODE 35S 33, AL E o
43l AEE d98ivrie ZE AEAY ALY F90 JAM QoM e 2 dE
1A% gxolth AA WA oA #8&% 98L& E3sE SODE ©vIT wRe=
o] A77t @%3] o]FofA 1 Unt. o oks FofdlAE FFFAEZA AR HAAR Y,
FFE oM FHRxHANE AT vEANZH, HIZde AFHEIU 7sA
AZAE 2N FIE AFHAA R Q)

ofo] & FHAdAE, dJuILEE T8t Bl SOD ol 2 AL &Usta, B
ZXE SODE ¥, AAstZ ol A #AE EAol e HAFEEE o]8&7sH
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i)

F3& A vAfest 1€ o)&l HAFHE EE g5 f AAR o& HeH &
Ag MEsaz A
, A=E X3} Ao o2 7iA v HYPFE&S s Ao HuHEA, o
& R FRAE HF ol&3teie EF7F 43 JYH ok 53I w3A AP
A%<l EPA(eicosa pentaenoic acid, Czs) R DHA(docosa hexaenoic acid, Cze)E ®°l
Fgrste ol YA LTI SHAA oy #4% oz gz Jqoy, Atstd =
3] FHokstdq A AAHY o f HFAF AF 82 AU {9 vAdI AL
ol AFe Fvzt BAFA YwAs EAHe] Aot @A o} dHEL FE)
A8 o8 7kA WSl ARHI don, HIZd L nAREs Jlex ol W
Yol

UM AFT vAFEs 7e EFE ol &t AL dsE ATHor AT AT
Al 4 zbe BasolA gt

ety & dFdAe FIAZ g5-sE S HEEIR 39 ¢-34 AxEXS AW
§ o#F FRste of(fish oiDE PAAES stz shon, S 2 Afd o3
o A7E RS |
1. AtetAAg 2 AAAHAHE 3 HA wall material K34 44 2 A emulsion

system® T&

2. A EsE A% 3 2709 A 2 2= ¢ pHE AL 24

3. AL 93 scale up factor FH L x}E3 FAH 24

2719 o] AxE o8 71 vMAELE T EA(core materials)e] A€ 2 ARFTAH
o 93te] HZFAFe EAY AFAHo AL ARG oRL uANEe] VE
E4Q ZYAAEY B3, Ay 2 2EYES vty E8H R ZAstR=AC wE 2
Fack gt HFTAFY LS A8 2HsdA el g=sidd FAEALAES &
AstE FAGel F = orE o]F HAME AAI EANH (B HrbdRiel s

gojol g} BA EaAe Fo AHEFY U 2FFE wABee WPeE 1
XA BAWY B AsUe ALHnA SR

Nze AEFYS) LY 93 AN WHe) GIW JI5HE AW 2FE 04T AE
o Awol 27T T 1 YV HIoE PURY AFYL Tstd FUURE
gulz 2&s0) ool oty gn), M2e 22 ANWA 7] Aol 7H5F oleoresin

O
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ez 1F7HEol Bol dFHR Jon, Huf MEL AERA 1FEd e oA
Agst7t Y=L Aok HEEY 44 Sy ’}ii"} 4 FE9 4o Hte =4
dAe FtHez B4R T F7b Ak A4A PR v vyPesE dF)
7t folgk FEQA £ AEH FuARA, 3o dodA HAF Fd oy He 2
7% Mo FAANE HAET 4 UE dde] HA don EE5F JTAHE M NEE
2249 &5 HFo] ZldiHy 1F HQIAIRGE §FF57I AFo] g
nF gHdR vAdes AxTH # L AFAEY FUHE A 2F A
AEEMY &¥o] 5ot EF #7]&vE AHEE wall material?] E3iE3 714
2 vhyg ZL 29A FE23FA T WHol F3o] A FGA JREAN ] o F
o}x A &AY Z1zA Fhol B2 H|Lo] 2RHE Aol ddoz ALY 5 gy, o]
g wjZolA 24 ddESEe AR 4TS FA FobA AU ELE FFo] stEd
A8 FToAE BANEY MAES Yt on, o wall material 2P TFu| A
€3 core?t wall materiald] ¥ 2Ested Azxd nF e mAfEeY ¢AHA

Bkl Y8 BAWE ol g3 1Y APl 4% NARES ALsact
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1. ks 2 AFFE2E Ax

1) t=F&E

Ago] A1EE s AFTAA FYF I vtE@G 7)€ o) & T vt
& crusher(Santos, Italy)dlAX #&F3tq AFQ3} FF s & 2
o] & Ay ALLEH} wtEAEAS 1 L AZEH230) 600 me EFE F
T, 308 dF3d LS H7st BHSAFNBA AIFER2 AHse B ALE3HA
s ERE Ao JJEE FritchAHZEY)9 analysette 22 economy YERX7E ol &35t
AR en 7~15%° AEFEE7t HAEE 39 A A HEE BrookfieldAH® =) 2
Model DV-II+& o]&3std FAsA o FEAS torque’t 574, &8 A(10%~
10096)0) o) S0 = £ spindle TF9 IAHEEE TPt 7 A8E 46T g2
AN ALXEZ AEF F 500 ml Hlo]A4 spindle®] EA7LA] FojA 42T 2B
71 AEE 28 P} ot=2AF RS 045m disposible membrane kit (SATORIUSA}, &
A2 AT F 10¥ FMstd FAdF FFE AT FH AL 1 mHT ¥ DNS

TRLE JIEE F A&7A @Hsd 10

S

I

e

reagent® 3 ml ¥ vortexingdttl. 585 <
¥ A4& & 550 nmollH FF=E A3
0.04, 0.06, 0.08, 0.10%2 FT== ZAg F 9o Wiz FLstA TUXNA S 24
A, s=9 v GC-FIDE ol&3t9 #4435t Static Head Space & ©]-&3tof
BEAstAEd column® HP-FFAP(25mX02mmX0.3m)E A&3tE9 e column flows
15 m/min@tt. EFEAE2E Flukarhe] diallyl disulfide® A28 2% o]l& diethyl
etherol 100 ppm2 2 34 sl EAo] Al&3l4tt. AlE& 50 ml Head Spaceg GC vialol
10 g 25389 60CoAA 3027 % F 10 ml Gas tight syringe® ©]83t9 1 ml
injection 3}$3th.

#H, vtE FFLE o|&I} LuFEFEES A=Rst] Astd &9l= ethanol (94

Korea) ¥ n-hexane(FY6#li%E, Japan)S ¥ ol AAglel AH&3tA. Alx Wi og
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go) 2% AFRE AZFe7 A8 viE AFLE AR g2 4 kA ez AxdA
o, WA WEAZE lyophilizerdl A AA Ao, AFAZRE vacuum dryerdl A HF 4
4 2% 80CE %30 ANt @FAXE 60 T dry oven oA AAdAT. 4 1
LEo] &3 vessel (Eyela, Japan)o] A2 o2 Az W 93] Alxd Ax £2& 0¢g
=93 & Lu)E 500 mi¥ EYstdch (£uiy] = 7.14-fold) ©] ¥ bath (Eyela, Japan)©l
A 200 rpmoZ 6AZFG wHSlEA FEE AN FFo] FrE F FEAL
filter paperdolA F&d& AAS}L de F2ES 41 °]§ evaporator (Eyela, Japan)
2 ol835td FEAA £uls AASNEEZN &v) F2ES AJTh FEAL R &ofju Y
AR Y= RSM (Response Surface Method : EHUSEA) 7|HE AHE3tAth
o2 g8 T AR (2EAZ, Suiu)e FARS 247 6 A7, 8-fold2 AT F4 A
APA G o3 AFTE AR} 1374 AP PN AxE &) FEEY A= 7E
7 DADSE A ZFstd F3 Ay Suivlol dis HAHAE AN, o @ SAS
program(SAS Institute, USA)& o] &3t BAXE & HAASHATH

2FE BE2uaF(EZA%4N, RP43)E WARASHEA A&t FE8&v= ethanol
(94}, Korea) ¥ n-hexane(FIXATZE, Japan)S B =9 AARle]l A&t FEWyYe
BatyZo) FFgu 10v]e SulE U3t SABES 200mme s Z2AN BEE
(OSB-200, EYELA, Japan)¥ %, o3 x(Watman No. 52 Z¢d#ste Zgssde=
RN AFLPE AAT 3252 Az SuAEERL @5 &uALEH 2dAFE
g2 2% o, 2 F&% g2 &uiE 7tetd FE52 AYEF F

N

7

222 T YHS YPsd Az F 5§, Ax ¢ wSRAFE=E EHs
Hz gujE A AT FEA 2 Lujn WS HMAE= RSM (Response Surface
Method : EHEWSEA) 71Y¥L A& ol 3l F AR (5213, &uju)e] 5
ARE ztzt 6 Az 8-fold2 Astn 4 §4 A¥AG g3 4F<E AsA 1371
A AYFAM AzE & 3589 AZF +&3 DADSE AFstd & A3 Evjy
o s HHHPL Astgend, o] " SAS program(SAS Institute, USA)S o] &3t
SAAE AU

-

o

»

ol

2.9t 2 1530 Ul/ﬂ]’Sg A =
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1) Core 2 wall materials
a7y EE coreR vHEFUY AS, AAEHFEEN YIS 412 EFEY

AHE3IA R nFFvle A9 FEEI0%E AHESHT @9, wall2s ¥MAHEN-LOK,
octenylsuccinate starch, National starch, USA)®} o}2tuje}d (FT-1, TIC Gums, USA)S
AHE-3t Ao

2) w¥E Ax

Homomixerg ©]43d FAFo walld &3t 3% LA L AXTF F, cored &
2 59 &359 #3E2e Azt Az" F3E9 surface DADS, capsaicinoids&
233l FEAANE BAsAR, olF HAY =AY #F3EE homogenizer(APYV,
Germany)2 1,000-10,000psioll A #2353t F5¢AFHE FPstAh

3) DADS ¥4

vts A AE £29 surface DADSAZF S A3 71€9 AAE Yoz mAfe &
23 o FL8 111002 o] 30% 9 vortexd F 1,000 rpmoll A 1083 centrifugedt

o~

£vj& 34 2 7ZAUFES 53T nitrogen purgingS 3 1002 FE3 GC A A}
£33 o] ¥ V222 F& ATFH AEGFS BYdtd AAAsA

Total DADS A %S fsiME mlAfE 223 DMSOE 1:82 4o 55T, 1023 43l
A7l 32u)e] AELS Hrts) 587 vortexdtz 18000 rpmolA 20%-7F centrifugedtod]
9 FA4E 13 wEso L3 g IF3n BYFFIAT o FHE FEE0, Sy
&, F20Y 5& d¥sod AMHsAt

13 A=l W8 total DADS IS HP 5890 GCZ EAFAT Columne
HP-FFAP(25m x 0.2mm x 03mm)E 4183929 column flowE 1.5m¢/mineldch =&
AL 587 3BTAA FAHFT 108 &< 150C2 S5 687 20002 &3 587
§2 T 3HCE DoEHY TFEZEF Flukarlte) dipropyl sulfide® AMg3lgod ol
ethyl etheroll 20 ppm 22 343t 4o A&3AT 1002 $5E A &EF 1€ GC

o Fo B4

22
fo
N

l..

4) Capsaicinoids ¥4}
A3 RE(AEAdY AFFsahl AP Bl et E48tAn
Total Capsaicinoids @ 2& 1sA Al& 015g ol DMSO 1.25mlg& 7§ &, 557,
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2087+ £33l EtOH 11mlg #7lste 583 vortexingst @t 17,000rpm, 2027 €A &
23l AAAS 3Fatn F pelletd]l EtOH 11ml & A7Hstd AR vortexing 5%, ¥
ARa) 17000rpm, 202 0.2 AR AL 3F5dte] g3 EtOHE 25mlez FEsturh ole
HPLC 24g 93] 045m filter2 73t Rasgoh

Surface Capsaicinoids AHE s AR 2g& Soxhlete2 6ALFY BFFF
(120m! Ethyl ether)sted ZtsZste] £ulE AAS L ethyl ether 26miz &ai& %,
045m= o Fste} mBaAT. |

2% oAfEe B2 capsaicinoids ¥4& $3t9 Columne g -Bondapak C18(3.9 x
300mm), Detector £ UV 281nmelA, o] F4<¢ MeOH 3 H209] ¥ &2 70:3022 A|Z3}t
o A3 HPLC flow rate Iml/minZ 3te] 20442 injectiondke] 3 Fatgith.

Ass AL st REDFAH sl Ed AldrichAH®] capsaicin standardE 20,
40, 60, 80, 100 ppm% =% methyl alcohole] &3& F, #of HPLCZAAN 43t A
FAE 43R

r.l

r

5) Particle size analysis

Spray dryingsl 98 Az® vy ¢ 1F oAfE 22 1378 sampled] HIFYAAA
3 FIYTE Fritch*HZY)2 analysette22economy YEEA7]1E ol &dt FAHF}NCH
T15%9 N&F=7t HESsto] 243

6) BAEY 4
7tz AlzE vhE 2 13 vARE 22 i 53457 £7F4E Hosokawa(dE)A

9] Powder tester model PT-N& o] &3t ZAH3s At

7) Spray drying &3 A& 9 A3}

s 23 oAHAE B2 AZE YA spray dryingS A3t e, $F2E B8
1207220°C(F4 A : 170°C), atomizer speedE 6,000718,000rpm(F4 A @ 12,000rpm)2 2 4
Aale] FAEAPA AT dEALS o A3 137 FAZANA 242 Spray Drying
< 3o

ojdolj A B43 DADSHFH, capsaicinoids &%, B FAAT, 8%, 884 R &7
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ol B data® RSM7IBE ol&3t EAFe=zH, vie R 23 uAdfd€std

Spray Drying® ¥A3ZdE& 334

m[r

3. 23 ZY L o|84% TDR/TSR "vlAHA& A=

1) 2 =29

oy, 13 uAfEe 23 ZREAZR AR, AAAEFFT HAAHAE 78-0508(National
Starch, USA)# Solstar-S(El 4 21 &, Korea)E 23 ZH® wall2 AA3 A,

245" E % dnldy A AEFE ol&F AS FdzW M5 EE) viAfeR
o] Fakiu] 21%2 Uetgenz vl ¥ uF nlAf<ad 78-0508, Solstar-SE zHZ
14, 21%°] =2 23 Z® AEE AXAT ol AT FAE= FH7I(Fluid Bed

Spray Granulator)E& o|&3lglen IHIAH FT core GEOl WEHZA LEE Inlet

Dv
X
AL

d

temperature 75°C, Dry time 30760%, Shaking time 20%, Feeding rate 83.3 mg/sec, &3]
W 271 15 kegf/cm®e 2oz mEsgc).

2) vgE 54 4

(1) DADS 92 54 ¥4

utE Eu](DADS)9) WHEEA A4S 938, 1g9 #ts vA3s 2 2¥ 222 30m
head space vialdl @o] 2Hsln B 125Ce 2=FACA 30, 60, 120, 180%3+9]
AIZEE 2Esle XEstn -80T, 1087 WZAAA Fd A4 wEE ARAAI I F2A
B s gioh

TSR E4<& TDRE % AAe Bz 45ste 2844 100, 125, 150C2] 2=x3
oA 60E3F Hziste BASATE

9ot 2ol AAHH ANEE GC-FIDE ol&3td 435 Columne HP-FFAP(25m
x 02mn x 0.3m)E A&t F 2™ column flows 1.5m¢/minelth. &Ex24E& 583 35T
NN FAHFR 108 S 150CE €252 683 20002 23 58 #x F 3BC=
"ol TFE2A 2= EB(ethyl benzen)& AM&3I¥ &), 120m head space bottleo] 2
nt o EBZ 4o} WuH¥ ¥, head space 1048 B0l SoIQE vialdl FAs AT o]
head space vialolA 1 M& GCE £43tdth.

tlo



(2) Capsaicinoids & 54 4

$)9] Total Capsaicinoids A #¥< Wyste]l A&ttt AN 3 ¥EHIL F=2
capsaicinoids & A %89 total capsaicinoids FelA Wo=H WEd %S HBFHAT.

o2 9&, 1g9 13 nANE 23 Y $£TL 30me head space viale] ¥ AHF
QBN 125TS LEZAdA 60, 120, 18083e] A+ 2eEdtd Agsx -80TC, 10&
7 BAAA Gl A% wee AXAI T FLoM B@sh TSR £4& TDRE A%
A T ZEse QB4 100, 125, 150T 2=zAdA 6083 Hst B
st

49 2o} Hel@ A=) DMSO 125mlE @7He ¥, 55T, 2083 $813kx EtOH 11ml
& 7}t 5EZF vortexing3tATh 17,000rpm, 2083 fA 2 s FA AL Sesta

2 pelletol EtOH 11ml € F7}st] A=} vortexing 5%, 448 17,000rpm, 20222
ARAL 343t A EtOHZ 25mlez A&stith ol HPLC £4<& 93l 0.45m
filter2 ATt} BA3IE T HPLCEA L $9] total capsaicinoids £43 4% 27
A FPse

3) DVSE <] &% F&/2% 54 4

DVS(Surface Measurement Systems, England)& &5 2digE Z233E AFF
B 4 gE FEESEH AXNEZ mg 999 AFo] FFY DVS-12 o183 4d& 2
fsgs}oﬂt} Fig.1-413} 7o) DVSHME 92 AR gas(Ax)e HRe 5 FLIAAE

25 AUEES A5 2 ug BHE AT FA WUSE ] A oS
AEo T E&/24 WHE(%)T hysteresis, SEE FAHET. wEpx 719 oW
SLEETAL Fole WHnt ALY Yok
Z A2 10 ~ 30mge DVS bottled) loadingsted 245CoNA dASA frAstAaM o
2% 0%olA 100%7+A] 10%tA o2 6083 Fx13td FHAHAT 100%04 0%2 Td&
o2 gHAA £ AANL T FYsHG

o

¢

4) Image analysis
s 2@ 13 s 2oy 23 zEEwe] Juay 54 BFSs] Ao Fd
v]7 BH-2(Olympus, 20x5, Japan)® Image-Pro plus 4.0(Media cybemnetics, USA)Z ©|
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oy

(1) vhee) #
439225 SANTOSAHOZ2lohe] crusher® AHESHR2r ol 244 nd2e7)
2 A55ee oF 69%FTh

(2) A
7} Specification

CrusherZ #F@ FAAE rvlxaFd Fde 284 I 37 TRHHAUAT

=
HES FAE olf5d AAsY vsHFRY ARE ZAAA wEAEFHY sFHS
k5 3tA stmA YTt EAE cellulase, pectinase, hemicellulaseE o] 5373 2

2z
o] U EE o] FFY Fo BE&A nFES AAFAU HAssted AHEHE 44
A EAES FYeA gy o9 AGS g9 Tablel-13} 2ot
A

tjo

vt ZEdg 50ColA 30minE<t g s AEd 5% 01%E #H7bst
3 AELEEs) FLLEA 180T B AD F A AAgstHH.

th vt Ede] B4 nyE YA/ BX A

FRITZCHAHE )9 anlysette 22 economy ¥E ®#A7]& AH&steq E84 nEE
Matgonm 2AAF vsaEde FFUYARIE 317.7mB 2 Multifect CLE 2|8 v}
sEde HFYAZ7I= 3459um, Econase CEPE 301.0pm, Rapidase lig (+)= 182.7m,

rSL'

¥ 5%

tlo
A

Sumyzyme CE 286.4mZ Rapidase lig (+)7} nHs & 3 864 P29 Ralsel 7
% Zgton] oF 58%2 UYAtA7] BAE I AR HFigl-4).

@) vheRFd e A EF

#2489 vhsdEde ¥EE 2430t BrookfieldAl®] Model DV-I+& 483t
AEE 24990 14498 ohsAEAe] DYRL 39 brixgl o o)W FEE 96 PR
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I multifect CL& M &g vt52F YL 45 cP, Econase CEPE 62 cP, Rapidase LIQ(+)&
44 cP, Sumyzyme Ct 63 cPAY. we&dFd F9 E44 1YE 33 3rjle d=z
29 #BAZE JSS ¢ F ey FE BAFEH 7MY FHold &4 & Rapidase lig (1)
ok £33 utEAFdY FEA FEY FHFEE AHRY] Y3t g4 E veEEAd
< 65brix7tA 5 F AEE ST 2, FxE a9 Aole o dAsLS 2AE A
23tx] Fe nEFFA HEE o 98000 cP2 fEAol A9 AN Multifect CLL
25,000 cP, Econase CEPT 25900 cP, Rapidase liq (+)= 14,000 cP, Sumyzyme C+
40,000 cPStH Fig.1-2).

(3) Rapidase lig (+)9 71 ® ®REEAIZ 4A

7h gz

Rapidase liq (+)9] #3Z H7FE ZAS7] A3 vEFIAFHE 50CoAA 30mint o <€
¥ F EAFHNE dERTLR o9 a2 vteFAEd FF 0.05%, 0.1%, 050%, 1.00%
E AH7lsto 1 hr, 2 hrs, 3 hrs, 5 hrs7hA] 8H&A Ao}

o

Aol A2 WA T whsAEAY 28 YR 97 27 WE YR 2
#, vtEaEd F9 B84 3¥YEY HEYAAVIE 300.71mF 28 Rapidase liq (+)&
006% A7 AE A% 5 hrs B Fol= BEQRT]7 2095umz Ao RaHA G

7 2 284 RWEY 377 2ase 5 hrso] A Foj=
14438m=Z ZAA3[AT & ELA YRS SARIE olFoixx Fgen 050%E
A7hg A, Alzko] Aol w B4 wYRe 277 A B2skd 3 hrsol Ay
Folt 988 Baso FRYFAINS 864mE i

2 ZaaRT EY 100%2 A7 A¢E
1 hr 23 Fol 284 ngRol ¢As Bahslol 37

FAARA77F 9.38m= A
24 050%, 3 hrs & 1.00%, 1 hre] ZAA mlezFd Fo &84 JAAES
AAL = JAN(Figl-6).

£
)

&

R

e

ol

DNSH & o] &3l #U9%e =A3tY ) Rapidase lig (+)o] Q&) nt52Fd Fo B&
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4 nYEe U Ex o|IFZ Ruc o/ Ra¥ UL B 23 2,
BERzd 39 BUT FIE 8 /LA Aol ARl et BATe] 7t Uof

YA 5 hrso] A3 YD FFE 0.05%H7HF A9 165 g/L, 010%9] FF 140
g/L, 050%9] 2% 250 g/L, 0.10%2 2% 325 g/LAch. AT 0.10%2 3¢ 1 A37A
29F FFo) FIUrEn 2 olFolle VAT FF 2 WHIT UN2H 050%F = T
< A FLT A F A476%7F 1 hrollel AAHRLH, 1.00% = A4 &4
3 Al oF 78%7t 1 hrolwiel A AU (Fig.l-7).

) 2R3 ¥s

a. A1+ Rapidase lig (+)# 7130 g 2NAE 44 &%

Rapidase lig (+) #7t#d @& vlsatEde ARI7IPE #F2 EFHE AHEJD vhs
#FAol = 115 cPE T Rapidase lig (+)#7F0] F7hgel met F 27 Zasigien
ol wteHFdel E44 nYE AR ZV|S TaS FAE B¥E RUG. 0.05% H7t
Zo] A ZRINPE} A&H oz gada SATNAME 66 cPAT. 050% A7tFe] A
o AR ARINAEI} AEHoz A F o oA FAE Holx Fu%: AT
AM ZRINHEE 35 cPUHFigl-8).

b. Rapidase liq (+)37}3c] & vlgs S Ao FRIIFE v

Rapidase lig ()& ¥E2Z a3 u=2AF5FHL 656 brix7tA 539 ZEIVIHEE
243t thFig1-9). 32", £4 FA vtsFFAL 86400 cP2 F&4dol A9 fle
HAEE YEia, 005%< 8000 cP, 0.10%+< 6,500 cP, 0.50%< 4,200 cP, 1.00% <= 3,950
cPE YERIAT. 40T 2=oA 5000 cPolste] Zu7IdEE A WE R olFel
5% Aoz dAA glon watA 050%, 3A1ZE BH&-F 1.009%, 1A1%E wEg-o] A A3
2 Als gk

|:1

>

Ao

ok

r

o}) Rapidase lig (+) #71 3] @& viEaEde] Fu|dE ¥ 24

oty Zuo F FQ AEL diallyl disulfide®} diallyl sulfide 8 ¥-8A17F3# Rapidase
lig (+) #H7tg W& 5 FR Wgds A 24t SHZH, diallyl disulfides
Rapidase lig (+)# 7130 F@3tA Alzte] Ao w2t FA=2 F7ksles 3FE 2D
(Fig.I-11), diallyl disulfide®] 7%+ Rapidase liq (+)8 #E7/tZdA+= FASA 247714
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Z7tsltizl 1 ol el A A E 05%9 HrtEol o F7HsE e 3A1% olFolA e o
o]} F7hskA L RH(Fig.l-12).

3) =t &Y 55

7h sz

Rapidase lig (+)& a3 vt5ZF AL rotary evaporatorg ©o|-£3td 60ColA 70 brix
72 FE8A. o] ° vapor& =¥ 33THTh

W} w523

o 2702 $5% A, vtEFS5dY e vteAF Y v o 210%F =7
Z/hstgen, HEE 580 PRI 6000 cPolste] A=olie A9 o)lF 2 wjZo] &
A7 R Aoz gAA Ao

2) vk FEES 08T SYdd Ax

1) F&4d 44

hH Azx &

Figl-1394 & = Q& AAP AX 5§ ZHAAME ethanol FF A7l hexane FE A
B Az $£80] 953 2udE AE ¢ F AUk o wswdMe ¥ EFHG
E 34 E4AE°] B0} ethanol FEAd F ]l B2 RPFEEC] F25H Uer] mEo
o mE A 3% Lule ethanolZ2 AR E Ro] 8F Y Aotk 28l 22 ethanol %
ZoME W5 A FD)AVF & dx 4 Iﬂifﬂ Az F&o v A& ¢+ Y
A3, ol F/D2 A$7E s AXE @ 2329 #Irt JdARoz Aol FrEFE =3
go] F&Ho Yo7 MFd R Algdn.

1}) Diallyl disulfide(DADS)S] % =

Fig1-13914 B uvte} o] ko2 ethanol

£EE0] hexane =£EE
DADS®] 3tako] motom ol DADS/H 2Addl 7dsts Aged &
2e £uj22E FMNE V/DI 7A$7F A/D, F/DF %S Rt DADS 3

A ol Ax WY 2 & fuld B visd 289 Az 4Y A F&

ot >



g 2833 4 YL AT

(2) 2% 24 (32 Az 5% 244 2A 49
H F%F A4 E AxX &
22 Atz 2% Lojuld & AR £&9 ANFE RSME &3 ZAAHAL. ¢4 F

& ZAAE SAS Programold RSME %3 A ZAx, Sdde s 5 ANG
(Fig.1-14,15). ©] w2l R2 %< 08442 AN E9 TAH F940l =< o,
lack of fite] F-ratio® 04652 71&%<Q 0.050)14°l2& RSMe] ZFA X acceptabledtAl 4
stth. o] ZYAHAAMY FAEL A AR Y FEARE TAZL 108, & £y
(vt 2t 27 /ethanol #3))E 851-fold ©1 1, o] We] 7t Az +&& 0.736% A

o

%% 27 mE DADSY 3
¥A 9 13747 APFol W DADS AF R4S HANYT, A RSM 24g
z7e AHAL Rolugth 7 AYF DADS §F& RSME 23, R2 &l 0.

)

%% 55
2 4YNE EAR KA olF A dshgth 4PASLe FAA7F e R
$AMoz AYTAe) DADS #3el Aot goke A dAvigoh 3, FE2Jol wY

DADSS @3 o= gtz 4 @ 4 Utk
wA olde 2Zzdd U2 Az 4% YA 97, DADSY Wstel U 43 2

B2, &0 FEAdE FEAL 7AL 108, F& &0l 851-fold2 & ZHol H3F

Baolp o ZZin] 10W]e] £6lE Hdstn SATES HLdA FE53 ddgu] 2
gAY fuj2EE0 & M5 2 capsaicinoidsE Tablel-3°) Uetuilc dAE F&u

Bo] gddgn) FEUYPEY & &3 FA3L BYI, I1F 9% EtOH ==> hexane9|
RS 743 2L ARE 29 2 AAMS IAAR R AET4 58 2o
95% EtOH ©d&ujF&3y4e AAsAT 520 AHEE sty &uizdn F34
e WFE Tablel-49 2ol FAZAHN ot AT F, 7 47D F23E2

l
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Az +& 24383 SAS programo 2 FAX G A (Figl-16,17,18), $i %
I FEATLY Frhe W 8L ASHoR FFIRL, 459 F capsaicinoidsE £
v g 13-148), FEA1ZF 8-9AI A HUgs Btk W, ALY FHANE EoF
o] Ml H3 FAAIZre] vl L FTE AR st FEUF 8L AE9
capsaicinoids7t HtigtS Role 24& HAHzxHoz AP AR, &oizF 14u), FEX
85X 7ol A th.

ol
o

2. vhs @ nFFv] wAGE A=

D #stE3r vAfs A=

(1) Wall material # %3}

Fig1-199} #o°] wall material®] Z4< gum arabic¥} modified starch(N-Lok)& 100:0,
83:17, 65:35, 50:50, 35:65, 17:83, 0:1009] vl&=2 A =2F F, surface DADSE A3 A3},
gum arabic 100%2] %A o] surface DADS%o] A Y & RoZ el

a8 3, Figl-209] wall® cored Hl& AZAME 419 v&E AZFRE o, Fie
surface DADS7F A=t Wt wall material A XA 22 E gum arabic 100%E
wall:icore®] H] &2 41 °j3ich

(2) &t HA s

$19) HA wall material 2R 22 0, 2,000, 4,000, 6,000, 8000, 10,000 psiel H3H=A
2 lpass ¥ ¥, A=dF uAf&Eo surface DADSE A %3 A Figil-213 2ol $-3}
o] F7tete) we) surface DADS ¥ Z018S ¢ 7 USich olo 10,000psis #&
sigto 2 MAsATH

(3) Spray drying &3 3z 3}

7V) Particle Size ¥ I =

137 Adg7gezs EFdxS utsvdfieiRe] BIAAHZ EEHA, dLEES
Table.1-59 YERNATE 2= 72dE vAREeE T HIEYAAZ L Atomizer speedd
o3 AT AYe Bgon FAH(12,000rpm,170TC)S BEUYAARE L 474 mA.
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Ao UEE YEREI%clstel FZAAAR AR EE0%ol LS BEAAAZR
24 AusA,

W) EAEA

Hosokawa(Q 2)A}el Powder tester model PT-N& o|&3t =A% 1371+ sampled]
& 24 (Flowability) & 5&4 (Floodibility) 2] dataE Table.l-6°1 YEFA AT

Carr®] Index® 71&22 2 o, 3842 not good, £FA-& fairly high 2 45U
U olx AF scale2 AZAld] EAol A FAE Aoz wodr HoAst Zo] A
o] 324L A3 (12,000rpm,170T)E 71F22 $£F 2=+ 1607170C, Atomizer speede
2R BI2A Aoz ¢58 AxE el R4S EANELE B 4
A AEZA LHT Jou £ nAHo} oF wHA BEHFIt o2 Fidata
2 #8331 RSM Z24dAME A3A.

t}) DADS# %
HP 5800 GCZ ol &3l 137] AlZ¢] Wisl] total DADS #3#& #4339 9 22 2
72 A AAMNAA AFL AR Y8 oo RSMLez £438d

2}) RSMoll 98 24 =3}
olo) M et & DADSHE FFYAAR, 534, YATFYE Be AYAHE RSM
A¥e Festd B, 47k 2% Parameter’t vhs TlAAER T Exo 1]

= Qe ndsle 283 WFEoz ZAZd HFEE Rosle HHxHE HAHAC
DADS# 23 HF#YAA A S MicroencapsulationZ Aol 1ol E€F EAEAG vliAE
Qeko] ABZ 70%9) ¥|F L FAL, BEHL BAY o)FFAH HAE dFE st

0%, FAEE FFUAAE € 5834 BRAAM 1 EXo] o|=AxE HYHJYLEE 10%
o] Bl & Fo] RSMAHE B4 3 A tHFigl-22,23,24,25).

RSMell ¢j& 2+ #2w9W dataS A5t T A Atomizer speed?] HHZAL
05™-1.0 (10.50079,000rpm), $F2EE 05700 (1575 ~ 170C)9] ¥AZ2 E4 5o n&9
o) A&3E 3 FFS/D 2L Atomizer speed 9,750rpm, Inlet Temperature 163.75C
2 AA3AHFig.1-26).
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(4) FuE 54

7h FHgE 54 24wy A4

ot vlAfE B2 release SAEYE A% o AVIA WYez 49& JYst
At old BuAolA total DADSEHZF EAo} A& BolFEY, release SHEA &
Holng &vi3E ¥ head spaced FA3E WY, 292 £2E AR A8ty head
ol

a &WiF&y

1g9] 2210w S/ 308 WHE X, 10mL9 ethyl ether2 283 T 100E 5
%3l 2 F 1S GCE EAsNt DADSE &A% 23 3841 ppmel HEHUTY 2
By o] W2 HAAe Azl xo] & AolE ABE & e WYL R flavor release

24 BAdE WPEN B Ao AZHYT

b. &vj5%& & Head space

1ge] vts mAf<E B2E 30m¢ head space vialdl ¥o] UH3l2 FHS 102 308,
30%& #8ldte) DPSUS)E ¥ head space IS GCE 434t HE& 2 DADS &Fe
Z4z} 8,233 ppm% 11379ppme 2 FHFF HALd BE Ao)E & £ /UNUDL o€ T3
ZH5d &) P&l EF HA flavor7b 7] EF release HE RS ¢ 5 UG

a8, B2 dAE A48 + e Sl BedH IS4 E nHEd A} &
Zo] WE release 54& ABR7] M E 2= IAT BeHo L &
Z7)d) Holx &t uvFA £ul9 2dE ZE L= propanold HWAI}AL FHFTE
propanol® thAlstx 80CelA 30, 60, 120, 1802 A} I oy BEF
ororct o]ZH o8 o] £ FZ& % head space L EZE release EAS BXNY 4 (UY

o},

4
-}
>
)
)
)
oY
iy
i
X

c. Head spaced
99} & fujo] Algo] BrFEnE RLJeHfE HA st head spaceE F AN
ok AL nlAEe AAGEE A LT A AHIHUE F I released ZHE AR



o},

a) IS AAAY

71&9) internal standardZ A}43td DPS+ ethyl etherol *o}3lol head spaced]
Al peake] EE°2 DADSE HE¥ 4 %o MEE ISE EB(ethyl benzen)g A}&33
t}. 120m¢ head space bottled] 2m¢o] EBE ¥o] ¥WEE ¥, 60C ovendl 30&3F w23t
7t Aol A2 2@ EA AHEEAT

b) Total DADS

AY 22 38 nANAe 220 Z2FFE FstetE 22 €A DADSYE BF HEFHE
AL FAdHonZ 1go] B2 head space bottled] Wi LE3I} F 2me FHFE F
A3 W&% head space 1E ZAT O 2N total DADSE FAs 1 g9 F2o) 23

Realeased DADS (%) = DADS sample(area) x EB DW(area) x 100

EB sample(area) x DADS DW(area)

DADS sample(area) : 2 2%, Ao & AP DADS HA
DADS DWi(area) : Z#45 #7138 #<9 DADS ¥3
EB sample(area) : Zt A%, AJ7tol] W& AP F 2] ethyl benzene B3

EB DW(area) @ EF+E A7+ F9| ethyl benzene |3

o) AXE 2% ¢ AEd 249

1g9] wls wlAlgi<E E2S 30m head space bottled] ¥ vt 2%=(50, 75, 80, 90,
100, 125, 150, 180°C)<+ A17H(30, 60, 120, 180%)2.2 AX g F ¥, ethyl benzene®] head
space 10plE #H7lsl 1mS GCE EBAstgdoh 2 A3 75 C o dAE A= 180%
& AYHE DADS/ HEHA FAn 2=E o @ AFol HA2Y 100TAA
1802S A= 30% olste] W& EA4E 2 o2M "ty mAAE £20] G &

23] AL ¢ F ek 2g: 180C =AML EZo] Bl head space T2
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o] @oll WA 22z AYol AL
oJ2A TeT 2L vhE NlAAE 22 release 54 24U B YA

W} FeiE 54 BA

a. Al @& E4

Fig.1-279F 2ol AlZdol &4 release5A S Rt 100Tol3te] 2EA = Azt
e xo]l& B F Ao 30%0l3tY] releaseE BRYa Z 2xolA 1208 A o] F 9
= AgAztd wtE DADS W& F7HE4E & 4 UJ22 1208 A AFE AT
9] critical point7t EM4&& ¢ + AU

b. 2% W& 54

Fig.1-283 2ol 2% &3 < releaseSAS Bt 100Col3te] x4 30%A
Z9 release® HolZ2 Fo 4TS & F UAJT 259 F7t vt DADSS W&ol
VZEA FES & & AU

32

2) AFFv vARE A=

(1) Wall material # 3 s}

Fig1-29% %ol wall material®] =& gum arabic® modified starch(N-Lok)Z 100:0,
83:17, 65:35, 50:50, 35:65, 17:83, 0:1002] vl &2 A X3 F, surface DADSE &A$ 23,
N-Lok 100%¢] Z4J°] surface capsaicinoids7} A¥ & RS2 Yersich wgkA wall
material HAZ7A22%E N-Lok 100%2 wall:core?] H]&-2 3:1 o]ith

(2) fratst A3

9le] A wall material A2 2 1,000, 3,000, 5000, 7,000, 10,000 psi®] F3}FPe=2
lpass & ¥, AxY vl E2l surface capsaicinoidsE A #FE A=, Figl-307 o]
5,000 psiol A A& YERAAT

(3) Spray drying =4 33}
7} Total capsaicinoids 43

Al

Total capsaicinoids® "|A@eE FAsE 4

fir

o 24, E¢ 2 Azse 3o o)

He
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AR Ese ojdd JF& vl 7He UdEhlle AHHA AREA FEA
e HYdM B ;e Bolx: Aol MARE 8] e A AT LA
gt 13709 487N Az ol A e d e total capsaicinoidsE ZA% A3, T4
Hoz o]5¥FE FA Fitete AFE JehlUth YA spray drying @43 W@
#}415t 9, atomizer speeddl AT YA FTAZ F, GAFAT FERAFH $IF =7
g HEY &40 " 93 nd & W, FHPY o) AxSE7 wa2UN
AZGd g €48 H23E 5 Ae 259 YAFA 9 Hud ddtn FAZE F
A H Fig.1-31).

o

A 5kA 7))

1}) Surface capsaicinoids ¥2
n A€ 2L JehdE g2 sye AEE surface oilFFolth. Surface oil¥#Fol
2o AS Tgol U1 FAHoz R AH o Bt A FFS won, EAEMI

Fig1-32%¢ Zt 374 Az8 ulA78€9 surface capsaicinoids®&F& B oF31 gl

£22%7} Yol A4 2 atomizer speed’t FAFLZHE FolXAY WolAFE fAidte

o

T BATH

a8y Y5 datas AYstn hREEQ FHoA dataztol] FH A zolE HolA gt
71 W&o surface capsaicinoids¥ ol thg FAHxAC 4gL XA F& Ho=z Uy
At

7t FzhelA AzE nAREe BEAEZAES particle size analyzer®t powder testerZ £
259t} cored FFol AAZHHY] 5% 2 wall AXALNA AAetE Hd 20%EHE
20etg 7] Wi EAEAe EA4L w9 EZFsA. o7y pilot spray dryer2 &Y
Azso] EAEHS FAs7dE 2T ANEE AGHAo FEYAARZ TG Fd=E
2T BFHFAY datac] Ao RS ALz Ho AdF
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2}) RSMol| o HHTAHzd AF
oldel AxE EUZ nFFnARES AXsy] 94 spray dryingel HAHITAxA
2 HA3s7) 3t SAS programoZ EA M3 total capsaicinoids® FAHLE
O|EESFE Zylsle AL B PO critical points £F X 171.34°C, atomizer speed
11584rpm ol Yt mlAlfE el F9 EF o] coreE KU Bol XHdE AojBE HAHx
Aol AA U3t FLEE 60%=E 3%t} Surface capsaicinoids®] RSMZAHE YEld A
F2r7 RolAFE o gFL i, o 24 2T volatile loss T
sttt RNoZ Bg ot total capsaicinoidsel Hldledd 15-25% AXol2R2 {2 AQ] Ao
2 AA3/)E odttn BUEH F9EE 20%E 4. FFYAIFE £
atomizer speed’} F7tgel wet ZAstE Aoz vElwt, Fdx0 ¥ RSM

YolA 42 atomizer speeds FAACE ZFE Fsle RoR
_]

n}i>

—_—

i)
_V;l‘
e
of K
ofd
flo
Ht
rie

.
B, 2448 £F9¥ Frie A4 H dvldsa, AT F
2

1:,
z2n
E7F RolAS4E A2&E TV WobA wAEE LI aggregation©] FIHHE AL

BEA tig A= $F2E9 atomizer speed’} FOFEAFE FrlstE RoE YEN
BEFAL F FAUS/ ¢ UM Adgs JdERed F ARA BF RE

ZrellAl g BH3 Aoz etk waly 2HEA 2 47149 AR(FELAAA,
TYE, 384, B749)Y F8EE AZ5%=E 8t &];‘*%7‘ Ag AARstAe. 2H 8
A B0l 671A BHE FFsd ZAZe FexE mEd A, FIFLEE 135-1807T,
atomizer speedE 10,250-12,045rpme} W olA HAZAFIEe] AAHRNLH old9

critical point® 157.5C, 11,146rpmeo} R vH(Fig.1-35).

3. 23 3E€L o] 23 TDR/TSR vAHf& AXx
1) 23 2YER A 2 39

A7 TDR, TSR 5A4& H4% & & 23 IVEAZ AHF, AYLH, ¥94dE
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22 A9y ALAFE AAHE FAESFOY HEHo) Rol RYPA 24 IdE 4
Az A& IYEAZ 2AIFAT. WAHPE 78-0508% Solstar-St HAHF ¥ gum
arabicS Ao Z IUAAN AYL ¥ A Figl-36% ol 180T, 0¥ AJAe d,
gum arabice Fel A& AA Wagoy HWAHREQA 78-0508% Solstar-S & dl A
otk wekd A AR s 284¥S JAYsir)=2 s

(‘E'.

2) st 23 29 "ARE 54

(1) TDR/TSR &4

WA AR 78-0508& o] &3 ZJ}db] &z 7, 14, 21% =ZRF o] tisf 125T9 2=
o)A @A Zte] W& DADS(Diallyl disulfide) ZHW& S4& A4HE 23 Fig2% 2ol
78-0508 =8 BEge AwrHoz wEol XNdHE EFHE B F ANT 53 21% 23
6027+ A= DADSY HEe) JAHE AFE U

WA HNE 78-05082 FMALEI 8570CE FEo] gl FUdHAAE 722
223 kA7) Yo anst e Aoz AN (Fig.l-37).

exo] o3 DADS WEEAE 100TAAE Wao] dojuba ¥y 125T, 602 A2

2 78-05089) Z® AEd wt FAF W& A AHE BRA 150Te 2%

Ae AAHez BHEFo] BT dofytrh(Figl-38).

- (2) Image analysis 2 &&/2% &4

Fig.1-39= WAAE 78-0508 <3} = o Ao FARE BoFH gl H7]
o)A 78-0508¢ ZEAEIF Z7tgel wal dAE AR dE Ao FAN FAES
E 4 IUH

nhsEu] §/D uAReR 23 7Y vlAHEE14%, 219%)2 FEAAANE AT@ Aol
2 polx Ftoy g& A ZH FTo| wet gFo] By o]Fo|A hysteresis(]HA
M7 2)EQRSS ¢ 5 AUtk =3 hysteresis®] AFANA HFulEFE 50% ot A=
Dol FAE Ao Hol &g 27| AUFE 80, 70, 60%°A 23t =™ IR R =
o 4ol B3 oA L AT & YU olZA 2a =y WAAEL S/D "4
Ao v FE/gEol BEE Fe FESFH HeA dUdelel o 2H}e IBA
e Aoz NN HNFigl-4142).

r-lm

o
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old 2z ZIY vAAEY g&o fo|dte IHYEAY HAAAETE-05089] HHEA
Z1d=glet AZsS Z wall material®l E6/2% 243 < 3s40).

3) FF v 24 32 vARE 54

(1) TDR/TSR &4

3 &3 1] capsaicinoide vhE ¥ v DADS| uvl&] detAd o] 6t Figl-463 2
o] A|zte] wa} W&ol ArHo R AAHHACH 53 HMAPHE 78-05089) ZRHAE wet
Al SEH o R Fu] ¥Eo] S A=A

WARE 78-05089 ZRA R wet 2= &% T FEE ANAHAN(Figl-47).

3

(2)
nFFr S/DuAFEH 23 2W wARE(14%, 21%) GA FERAHAME AT
o] EolX @¥kov dFA Y HEo we Yol @ o]Fojx hysteresis(o)H @
A7t FAEUNSE & F ARG 53] hysteresis] AFZoNA S/D vlARELS HAFES}
7t wY, 221 2® nARPE(21%)L hysteresis7t B dto

1% A g 270 FEel olo] wa) o] Fox=

5/%

o
ufy
i

H

FAE 78-05089] EAol T8 8oz AAHEN(Fig.l-49,
50).

£ 3FF0] S/DUAGEEL vtEFr S/DuAAdEd v F&o] € o)FARHLNE
ETSR 250 AY o|FojAx] g AL BHEH ol S/D wall materialsg] 2%
Zvl S/D "lMZi€2] N-Lok3 w30 S/D vlAZA€9 Gum arabicel SAAeld] 7141
stEjgt Azteo) bgo 489S 1P Ah

AFHD Aot Zo], &4 walse FE/EF EAL 2tk 53 2V walld ¥AA
£ 78-0508< o]4A<Ql sigmodial e} T2FEFEA S HolWA hysteresis?7} =3 AU
o}, ol whal :FFW S/D uAFEY walldl N-Loke 2HA $8S Ao w&sx
ol hysteresis7t w-¢- 7 T& BN delA EA7E € Aoz AZdY. a5y o5
wall 22 2] hysteresisoll Hla] S/DvulA78€ 9] hysteresis7}t AutRog 2 Ro= Ho}
S/DPIAAE Wi core?t B5A & olge WAT Aoz AR (Fig.l-51, 52).

ol Zo] vieFu], nFFr S/D viAHE 2 24 2Y MRSy EE5EAH Aol=

~



st
»
lo
=
ol
3

o,
<
-
o)
o
o)l
S
1%
10
48
2
i
ofy
A
oX
lo
frt

28 wall materials®] EA 7]¢)
g

ZYELe SR UE PgYe FuY & YA
50l 989 ¥, 2o F AUgEdN) AXSEE FHL 1 A AUFE
92 GeEhRtth AUSE 0%olME Hae) Tusy] AN oJgsE £ Fo)

=

wHoz HA 28982 A7 APHA F wrdd, FdFE 80%ANX 60%7HA 243
@ AZ7} olFolAT B3 23 2% obsEn MAWEQI%)TH AYAR 78-05089 A=
Fare oS SAMSIEEE S/DuAAEe M 23 =W vARE) AREES FRHo
2 Ze B o AYHoz e FUSE 80%lM FWe 2E Aoz nol
9ol ola) AZ7 47, WA WYBE L & ArHFigl-43, 53, 59).

oZM WAME 78-05088) 47 BEEE S st 23 2% vlAAEL S/DAA
1% 9Re FRBN D olo] xvlo) Wi AAHe QA FRAB 2HAE F
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A 3% olMAEst T Ol o HH

Al1A AT

1. Flavor model system 7}

A GAZAN AF7A FHY X EE flavor core materiald] SA L A B
t}. o2’ core material 5 A F] F2 Wol EAst, FY I & flavor material9
2% (100~150)3% B. P.(50~150C) & j3ld o HAAAM 5 F79 flavor
compounds& A #3829, limonened AH3tAAL NE2H B AYPLoz MAsI)
A9 4 flavor material® retention timeS GCZ #U9d4d #3 #3 Fol &45
F71 38 & A4y AT FNAEEATHY HA vE&S FAHFAL A
1:0 ~ 1:58 53 2 oil§ homomixerg °]-&3td E#T F, 50 ml headspace vialdl
gol 90T ovenollA 2083 A3 Ztt. Headspaced] EHE FAAHEL gas-tight
syringeZ 0.2 ml # ¢} gas chromatography® £43l4ct GC B xHL Table2-18 7
c}.

rlr

o
]

2. Wall material®] 5497
Microencapsulation®l AH8-3 3 & 2% wall materiald]l W F7F L S L 2AHS
o EFIY. olyd wall‘ material & 7Y 7ts3dtxn, Rty o2 Al4H = maltodextrin
(DE 15), gum arabic, alkenylsuccinated modified starch (N-Lok)Z & wall materialZ,
gellan gum, gelatin, « -carrageenan< F38 99 HEE FT7/HAA #FIAAANES F7] 9%
HA7HAZ AAstn 4749 Fxe FEtPEL S SFsn

Aeak.

, corewalle] A wjgu &g A

3. Wall material W }ul& A 5
A 3§ wall materiald 4 MD9 &3S AAGdIon, AJAE AAHstH 2 vy

¢ ZARAH, FAARAE FUHA1717] A AAE A A MDY #FE

A F, GASt MSE 2:8~82¢ Hl&2 A=xste Aol wignl&s AA}AG. 4 &
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Aol 4

HEol Bol A8 f3t AxxzAA spray drying F

BEAE o83 A®
Az A (Fig2-D).

=%
=3

4. =43 W% (controlled release)d 8-S 91 ¥ wall material 43
1) TSR (temperature-sensitive release)
TSRS % A&3FTAL fluidized bedF A E o] &F 23} fat coatinge 2 A3 o
1 AesEde 1AdTdg APWUYE wall system =

30:26.4:39.6:4)& AHEStTh. TSR 34E A% 23 Qesed e o TE=TAAM AHE

(MD:GA:MS:gellan gum
# A % hydrogenated palm kernel oil (m.p. 47.3C)< XA A

2) TDR (time-dependent release)

129 el HAE wall systemE& TDRS 93 #&3tE2A=2 Al&sid AA7L 54
o] W3ls Adrgrt E3 o2 wall material F A3ItAA o]l t]$ S LEHR
B -cyclodextrin (8-CD)& TDRE &

o

£ o2 wall material2 AAst A&7 (10
Z) Z9] flavor release BEE wall system¥} ¥l w3} o}

3) PSR (pH-sensitive release)

PSRE 93 wall material® o2 @¥ =F3 Jud¥E& 53| «-carrageenan®} type
A gelatin (bloom strength 232, isoelectric point 8.1)& 1738t A}l-&3tth

4) MAR (melting-activated release)

£x3gle] 98 MARES 93 23} fat coatingE A& 23 d XA ALE3 hydrogenated

palm kernel oil (m. p. 47.3C)3 hydrogenated rapeseed oil (m. p. 625C)& A A3 A}
ZoA e MARE A7 Hsde

single encapsulated powder?} S -CD-flavor
complex& ©} &3t}

5. 348 =24 A3
AAE wall system

o] &-3}o] piston-type homogenizer® 3 <+
AT 348 1,000~8000 psidlAd FIAE AT T, F3tde {FIHAAY
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>
_?l_:‘
bats
|o
=
M
)
lo,
>

%flavor release® 4

%flavor releases &334t

3 total oil retention, surface oil I3,

6. Spray drying 33 333}

Spray drying ¥4 Z71E& FAFe=2 HHFHsr] Y3 HSEHEAE  (response
surface methodology)S AH&3stAth. 279 HPA4E 2= FALHAZY  (central
composite rotatable design)® A83}9, inlet temperature (X1)9} atomizer speed (X2)&
F2 EYPASFE slgen EWAA =7, total oil retention, surface oil content, flavor
releaseE FHHTE SHG. 170TC, 15000 rpmS FAH 22 3t inlet temperature] +
a9 -aze] ¥WHE 1275~2124CZ A3 2, atomizer speedE 10,758~19,242 rpm<
He2 HASAY (Table2-2). *ﬂ._:"-% Boo] nAFRE SEM (scanning electron
microscopy) 2.2 #&e AT #+AAAIAE SASE oj&&A A At

7. Fat coating g $] & fluidized bed 3 &9

Spray dryer (inlet temperature: 1807C, disk rpm: 14000 mm)E ©]l&3t4 single
encapsulated powder& AZX3F{TH. A7) 229 XS MAE7) 98] SSA (sodium
silico aluminate)E 1263878t F2S #3719 chamber ¥ B3 ol Zol A F7
g Eojgo] L& FAAIIE, o] o Ao vHE hydrogenated palm oil& 4 rpm9
infeed rate® spray nozzle %3] ¥AMA#A double encapsulated powderE %3ttt
(Fig2-2). A|Z4¥ double encapsulated powderi’—] extractable fat contentE A3 gon,

oz B84 E4E 23834 single encapsulated powder®t v] 2t ),

8. B-CDE | &% &3 ¥4 (B-CD-flavor complex A=) A3}

Stir plate®] 2% 60CAHZlA 100 g S-CDE 1,000 ml water:ethanol (2:1) solution®
%At Stirring3WA flavor 10 g& 284 HJIe & EEE AA3 ¥F3 emulsion?
2=t A2o® HojAdH 12~16 Al T 4C WA I 2Pt Whatman No 4
filter paper$} suction flaskE ©]&3} filtrationA]# B -CD¢} flavor?} complex® o] 1=
22 g 3714 & AZWY (air drying, vacuum drying, freeze drying)2 2

TEE ARAD F 7 A2 W £29 54€ vlusty sty Axwye A
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39t} Flavor: 8-CD2 A< ulgnieS AR 3] flavor: 8-CDE 1:6~1:129] ¥
g2 EE3le AFPsPct £ Ax F, particle size, total oil retention, surface oil

content, flavor release, moisture content, %47 SEMel ¥ Fe|E WA

9. Coacervation &3 33}

M&d AL o] TE =g n@8td pHol & release EF}E Eol7] 93l single
coacervation2the wio] A E W F nEA EF pHel 3o M2 w3ste AL
o]-&3l= complex coacervationd °©l|&371Z AT (Fig.2-3).

Bore AzsEd YA coacervation HAH =AS ZAAZ}E Aol LTFHUC
Standard formulation® =253} oduld¥dE 53 ZA3Y control2 38}3l, coacervation
zASe Az 2RV E A (Table 2-3).

Coacervation 24 ZAL EAHcz FHAgEr] A HSEHEAY (response
surface methodology)& AH&3t@d. 2709 HdW¥S4E Ze FATEAEY (central
composite rotatable design)& AM&3to], coacervation pH®} k-carrageenan gelatin®} ¥
&8 =9 EYNSE sgon 2HWSE dry coacervate?d] yield= dth.

Coacervation pHS ®H$= 2009014 45022 3t93, & -carrageenan®t gelatin®] H]g—?_—
gelating®] %< 71% 02 84 k -carrageenang] ¥ 10~200%2 At} (Table2-4). &
M ZAF}E SASE ol &3 FAANY s

Wall materiale] EAA AdA%E o)A E coacervation 4o Brbs3tez, A3}
g z23dAM Ho %9 product® 4BAHsl7] ¢}al total polymer concentrationg 3~10%
(w/v)2 BEA 7T |

Potassium chloride (hardening agent)e] 7} R @2 =& 8l
hardening agentZ &3t AefolA A7lstd Pap Zgo] EFERmR o]
918}o] atomizerE ©]&3led hardening agentoll EF3Ach Axd A&l vAF

tdek 7l
LA

ey
e

o
3t

ol

tjru
e
N

mlm

SEM (scanning electron microscopy)2-2 #2353 th

10. AIF 27wy &4
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1) Wall material 3% &3

zZ} ;2249 1, 5 10, 20, 30, 40, 60% S&YE A=Z3 25 40, 60, 0TI
Brookfield ZEAE o] &3ld H=& FAHs Ak

Falede 50 ml WAddd D2 vplE e F 100C ovenol A 6412 B F #3t
2re RIHoRE FE94%9 RIS FHsGen, 2 FHYS ofd Ao didst
o $3A A4 (emulsion stability index, ESDZ YeElUi it

3) §3tN o 2 HE S flavor release
53t ] BEA retentiond static headspace analysis systemS AH-&3te ZFA3A
ok, Alx"d f39 10 mlE 50 ml vialdl &o} Teflon-faced septa®} aluminum cap2Z

cappingdti 80°C ovenolA 30&3 #AFAIZ) ¥ headspaced] EIE FHLA

ML
o

gas—tight syringe®Z 1 ml # 3l 99} 22 84 ZANM GCE B4 FrPAES &

gtated 10 miE # 38 50 ml vialol ©o} internal standard® AF&3F .

AEESERDIEE DR LIS

AzgY F3¥& slide glassl 10 L cover glass® @< ¥ image

gojrx g
analyzer (Diaphot 300, Nikon, Japan)® 23 #& 8%

o K

5) Particle size

2arslg) A2 a3 7)E particle size analyzer® &3 315t}

M
g
—
(]
o
o
o
w
)
2
=
i
O
ok
2
fo
il
[\~
(@3}
c3

FE 90%E AT F2IFFrINA 24413
B2t 5 g duplicate® petridisholl Al #sted 238 Fr]dA & 30T, €% 8% RH
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A 1AIZE A2 2 FA

lo
olN
N
fe
A
ol
_?l_ll
2
iul

7) B2 total oil 4 (TOD)

30 g9 22 500 ml flaskol AlFste 200 ml FH52 833t Clevenger apparatus
olzfjo] A|RE W& flaskE, Yol water cooled condenser® FX3tAct &A4E& 7HL 3o
(70~80C) 3NZEX ZF3L (NFZ2AL Clevenger apparatus ¢toll A &0l "oy
o] 2E A&EHATH oil®) volumed oil collecting arm (5 mholA AP ¢4 ¥ E F
Az B

8) A&} surface oil 4 (SOD)

Soxhlet extraction®d-& ¥¥3ste] BAstgrt 10 go B TS extraction thimbleol Fof
glass woole ©ETh A&7} 93 extraction thimbleZ Soxhlet extractors] ¥t &vi
9l pentane 200 mlE Soxhlet¥% flaskol ¥ Soxhlet extractorel flask®t water cooled
condenser® A3, steam bath (60T)NA 2AFL FE3ATh FE 4L 40TAA
25 mI7ZHA] HZ2A1A. 1.0 plE 33 Flavor release ¥4 3ol A}4-3 gas chromatography 2
B3 st 2z flavor material® 500 ml flaskol Al 200 ml pentane® Z& oz
%¥ZAA external standard® A3 AT

9) EZo) M9l flavor release &3

SODeI A surface oile] AAR EZL 100TC ovendllA HUEAZ F, 50 ml headspace
vialdl 2o} F8tAol A9 flavor release $3% & WYHoz AYL Ut £
volatile retentiong &213t7] 93] ELe& FFSF 30mld] &3sted 22 WYPe= flavor

releaseE SAstA
10) Moisture content &3
7h) Air oven method

Ba 5 g8 duplicateZ petridisholl 7 %3l petridish+2 2] FAE FA335R. 100T

air drying ovenoll Al 16A17+ AZA 2 % petridish+2 29 FAE FAsA Az H - F9
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2A A2 £2 W 29 FFS AdsA

1}) Toluene distillation method

2o 20 g& AF3HY toluene 250 miZk ©3Z) 500 mi flaskell ¥&d. Al8EE& ©2 flask
9} o) Bidwell-stering trap¥ condenser& #AX|3ti, 25X 35 FHEAHY. T/ €4

% trap® 258 A7 YAl FE9 volumed collecting armol Al A ¢l

11) Double encapsulated powderol} 4] extractable fat content 573

Double encapsulated powder 2 g& extraction thimbleol] Bo} glass wool& €3 FA

il

Z2A% & extraction thimble2 Soxhlet extractorel 21t} &viQ petroleum ether
150 mlE Soxhlet®% flasko]l ¥ 3 Soxhlet extractorell flask®} water cooled condenser&
Z2)8t, steam bath(60TC)oA 4AZHEeE FE8AT. FE°] Y thimbleE 80T
incubatorol Al 2A17F B¢ ARANZ F FAE SASIAY. Ax A Fo] Bdol TAAE

o] &%) double coating®ll AH&% fate] FFE AR

12) A2 @07 (scanning electron microscopy) &+

B2 g #EIs] HA FAPAR Av]7 (scanning  electron microscopy,
JSM-5410L, Jeol Co., Japan)& ©] &3t} Specimen stubol %¥ HO|ZE Eolx, 2

2o e 2 E AlEE ion sputter (e -1030, Hitachi, Japan)dlAdl 6.2 =2
Be 3 FALAA @vj4oA 1500, 75082 2o &g dEsi

2

13) Asrg A

L& 37C incubatord] 205 F<¢ RASHEA 1F <2 T AHAEEAEQ
limonene 1,2-epoxide®} carvoned] #FHFHE ZAs{c % 03 g& 50 ml IHE=E
tubeo] €3 10 ml HPLC grade water2 718 ¥ vortex mixer2 183 Ao
Shaking incubator 60CJAl 130 rpm &2 1A%k F<F circulationste] &2 ¢33 &3
A2t 2 mgel nonane (internal standard)2 X33 10 g9 HPLC grade pentane 37}
% vortex mixerZ 1237 &8t shaking incubator 40CellA 100 rpm2 2 1A% &<
circulation3t® A flavor compound® F &3t th 3000 X golA 1023 AEHAZ

-70C WEANA 1A AE FUo}. Clear supernatant layerol A 1 L& #H3) GCE

T
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A5+ limonene? 432 3<) limonene 1,2-epoxide®} carvonedl & A FstAUTh

11. AF 71z F9 flavor release % (TDR)
2a 5 g& headspace viale]l o} 37T incubatoro] R#3ATH 1F 4HE 2
& headspace vial& A 220l release® flavors] ¥& FAsA

=1
o
oft

12. €=¥3sto) 2 flavor release &3 (TSR)

Double encapsulated powder 05 g& 22 ml headspace vialdl ©°t, 575 45 mlE #
7}8+ith. Wall materialgl hydrogenated palm kernel oil9] & & (4730)E¢ %& &
5 (60C)st B &5 (40T)olA 1A% ¥ ® F| static headspace autosampler®t GC-MS
2 o]£3e headspaceol A9 flavor concentration® A8t} Static headspace
autosampler®) 7€ Table2-5% %t} 008 g coating fat¥® 0.42 g single encapsulated
powder® vialel Bo} 919} 2 WPe g A5t standardE AHE-SHAT

13. pH®] W 3sto]l @2 flavor release 54 (PSR)

B yle] & A9 retentiond static headspace analysis system& AH&3td Z A 53
o Az® 2% 05 g2 50 m! vialol e} oJ2 pHel phosphate buffer solution 10 mlel
28} 7) 3 Teflon faced septa®t aluminum capo 2 capping®th. £ZS &2 headspace
vial® 18 %9 vortexing®@ % 80C ovenoll Al 30837 #4312 ¥ headspaced] HLH
= volatile-phase contentS gas tight syringe® 1 ml # 3] gas chromatography(GC)= =
A5k ot

14. 3+ A xo] @& flavor release 3% (MAR)

1) & 5 A= W flavor release

B CD-flavor complex9} wall system& o] &3] #8%3}3 single encapsulated powderg
50 ml headspace vialel ztZ} 05 g, 1.0 g& ¥, 25, 50, 75, 100C 75 1199 ¥&=
E&83tgt. 30°C sonicatorol Al 3087 activationAlZl %, EZolA release® flavord %

S GCZ ZAsAh

JN
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2) =49 zolol] W& flavor release

22} coating® double encapsulated powder 1 g& 50 ml headspace vialdl 3, 5754

9 mlE& 9%ttt Hydrogenated palm kernel oil (m. p. 47.3C)& coating$ ¥ 37, 60T

incubatorell Al 30%3F X A3 o8, hydrogenated rapeseed oil (m. p. 625C)& coating gt

B ogro

22te 55 70C incubatorol Al R #A3A T 29 activation®E=A-2 ¢ 2
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A2d AT+

1. Flavor model system 71

Fr1N2L NEEZAD TFAA F3tde Fujste FAHAA B F9 PRl &
AgEz ol HAss7] A AFH9 @A AFTfHee TR E 2ostq] 29
§ A3 52F% YRR 2FAMN AFAde] EFust S7/1ESFE headspacecl A Zd
z7)1qtol ZAasdT (Fig. 4). N AFTH=159 TN 713 & FdS7Id2
Jehlrzl= QA8 AHeEE F489 gl T Aoz, dozd dYPdMe 37
AR A ER=149 Fuu2 EF¢std dEF2 AT

[o2

by

0}

2. Wall material 54 ¥4 2 37 & 44

AE B4 24 A 282 5 1%9 5%0AE 3FF HJEEDY A=V} HRdAL
U 10% o)ARHE 3T/t /184S BB AT Xolst AT 40% olFNM=
SHEZAZ AT Aol8 ngon 254 wdE Fxxelst A WErwth 60%AM
= modified starch®} gum arabic®] FE7F UF Eol FA38717F o2l (Table2-6).
S3otRAA AY AF maltodextrin® ZE H]&ojA ESIVF 00129, modified starch
74S 1:339 1:49 HlgolM G o) & vgrt A Fkoy F Ao]E R
= 2tth Gum arabic® F3¢tgAgol b3 ¢t od, 2 F 1:49 ESIZF 072 7
o2 AFRE BYT} (Fig2-5). 98 =EAME Ve BesE AT 29
Edo HEgL 142 Aleralz il Image analyzerd] 23 oil droplet size ¥4 Z 3
(Fig2-6) corewall=1:38 ul #3371t 713 & o]Fojyon, 149 AB+=E Bl & 8347}
2 g5t} oA 43 AE EYE 89 corewalld] Bl &E 1142 AAQsA

GA'MS = 552 E3Zo MDE 20, 30, 40% 7l #3de A=xdIddG. MDE
30% #74E Aol ESIZF 0.112 M $+8ti

MD:GA'MS = 3:35359 38 f3tde HEE F/HAA FaAAALE F7HA717

e

95 H/AES Ndsty] Y8 gellan gum, gelatin, « -carrageenang Z7 3.3% 3 7F8k3A
t}. Gellan gum3} « —carrageenan A7} Al ESIZ7} 0682 3Rl 7Hd st
o total oil retentione gellan gume} 7 $7t 63.8% % 714 E}vk (Fig2-7, 8). Surface
oil 3L gellan gum H7F Al 0128mg/100g2.2 7+ HAUAG (Figz-9). #o Z3d u
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2} gellan gum< H7/MAZ AA|ATH

MDE 30%= ZA3HS W, GAMSS HHujdu &g HAs7 A GAMSE 2:8~
8:29] Blg 2 WE AYPsch ESI= GAMS = 28 > 46 > 73 > 82 > 55, 6:4 > 37
o] #02 E%en, % flavor release™ 46 < 614 < 55 < 317 < 73 < 82 < 2:89] 2
2 AU, wEA GAMS = 468 7 A widul ez dAs AT (Fig2-10).

MD:GA'MS = 30:28:42 (GAIMS =4:6)9] el@u]go] d7tA2 HAH gellan gumg 1~
5% Z71stad. 21 A3, AL gellan gum 5% H7elA ESI = 0852 713 43
Fo, gellan gum 3%} 4% H7F TAMT 247 077, 0.828 & zo)E BolAe
t}.  %flavor releaset gellan gum A7FT 4%olA 361%Z 714 AL 2 2 d, gellan
gum 4% % 7t Aol M FL& AIAE BRAS (Fig2-1D).

olatel A3z MD = 30%, gellan gum = 4%, GAMS = 46 &, MD:GA:MS:gellan
gum = 30:26.4:39.6:4F wall material®] FHAu|@v| &2 HAAsG oz APA wall
systemo. 2 AMg3tH)

l

3. #3dEx=A HAHs)

F31+3 6,000 psi °) A E ESI = 12 Foid zolM F3lde) A3 Regx &
kom, 3,000 5000 psi AAME 090)d e F3ptPA ol ¢43Hth % flavor release
£ 1,000 psi Fr3tgENA 382%= 7HE AHAow, f3E 3,000 7,000 psi M= Z
z} 5135 5% 2 release® = flavor ¥°] o8} 5000 psihAdE 2159 %= 714 2k}
(Fig2-12). el $3H343 5000 psi o4kl A AZ @ H394L spray dryingahrlol e 4
=7} UF Eol AL83Hx] ekt '

&4 1,000~4,000 psiZ A" FAo2 HE spray dryingstd £ZE AXEA
ok AzRg 2o RIS 168~181% % vl gl (Fig2-13). Total oil retentione
2,000~4,000 psiol A 60% 2 FYstH 2w, 1,000 psidl T 56%2 27 Fgtch (Fig2-14).
Surface oil ¥8-< 3000 < 4,000 < 2000 < 1,000 psie] 22 AJG (Fig2-15). %
flavor release® 3,0003} 4,000 psicl A 0.05% A== 7}& AU (Fig2-16).

o] 43} #Zo] F3tHF spray dried powderE ¥4 A, 3000 psis HA FIHYYE =
Aoz AR
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4. Spray drying ¥4 A A3}

REAZycd BEY FANRS F 7F F 2P inlet temperature®} atomizer speed®]
H3lol] ¥ BFon, 34 HEH AP FTEAE /MR SAS programe °©]8-3A
BoAzZA oA inlet temperature$t atomizer speed® #HZA ZA& A5t
(Table.2-7).

Particle size® F4¥+2 AL o AT Aol & F wlo
Aolde £2arid € 9IS vAA devn dEHUG.

o3 3H 2N s HAY RdyE o4 WMEY FAYLE Fig. 179 2HE

A9} 3kQ 32, 10,000 rpmeo}

A2t} Total oil retentiond FEHUT2 UL 9 Fig. 6914 2 & Axeo] 1827T, 14,779
mmol A 61.7%2 AL A5 ¢ AJh $F =9 TF &5 EF 5% °W9
g8 FoM Fogel ANy, R SEROE $F 259 ¥
AN, ol AFA= EF H=7

H v A ¢ %

52 nmst MR
F dxe°l 170T, 15,000
o YolME $F L=

t}. Surface oil content® Z&WFZ P& de Fig2-79dAM &
pmell Al 3.22 mg/100 g9 FHAAEE G5 F AU FHEAF
) =)

T £5 BF 5% o9 FAFEodA Fdol des & F

ARom, £ 259 dFS o] B Aoz el Flavor releases FEHUTE B
o Fig2-89l4 & % 4o} 182, 15364 rpmolA 2.05% HAHE &3t S

20 YoM $F LEE 5% oJUle] FABFEoA FoAde] ARAY, EF S=€ 7oA
o] YT BF £x9 ¥ 2xo didt & FEUSTES contour mape superimposing
sho] BEE WEAA T= WIS Uehl YT (Fig2-9) 423 A™zd WalE
Fig2-99] Blgz RRog £¥ 2% 1656~1815C, £F &% 13758~15364 rpm°} <
Aolet dAstac. ojitel dEndAdg AFEHr] A Az HY e
, SE 2% 170C, ¥F £% 15000 rpme.2 Az -8 A AA
A¥e AAE AT total oil retention 60%, surface oil content 3.52 mg/100g, flavor

release 23% & o], AAHFEL 429 EH FAIS FFEo2 vaZHIYT
5. BCD-flavor complex MZZxd &Y

z}z} air drying, vacuum drying, freeze drying®l 9|3 BCD-flavor complexg& AZ%

% total oil retentiong ZA3 Z3} freeze dryingdlA T9%E 7 F2 FHE B
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1), air drying, vacuum drying< 70%Z Z3 2tth. Moisture content= freeze drying®l
A 4%2 7 AAY. Surface oil $FI  %flavor releaset air drying>freeze
drying>vacuum drying?] £2.2 I (Fig2-18, 19).

olde A& E o, air d;yingﬂ freeze drying©] BCD-flavor complex A= 7}%
Ao AZPYIAD, air drying®) DEAVE 2447 o)), freeze dryinge 3412
ojfolng olF AYPdME BTAXALE ©538l7] 93 freeze dryinge o] &3t 2T
< Azx3A.

713 E3 ACDY HA wigu&& 7387] A8 flavor: ACD=1:6, 138, 110, 1:129] ]
€2 flavor- BCD complex& AZ% F, 54 EA43 4. Complex AR F9 =28
2 45~60%2 Al®I Z Xolg rolA ggtown], ACDAMAY FEFF (85%) Rt} F
At} Total oil retention2 flavor: 8CD=1:109] H] oA 79.12%2 7HF E3ke™, surface
oil content= 230.31 mg/100gL.2 7} HAT (Fig2-20, 21). Surface oilE AAT £
A % flavor release® 53¢ A3, flavor: 8CD=1:69 H']‘.%ql’ﬁ‘ﬂ’ Fr13 80l EHHAU
onj, & H|ZAME AH FAHIR] FUrh oo AHRZ flavor: BCD=1:10& 9
wgnl g2 A Arch

6. AL AF DY &
g AEE Yl BL2RYH A3y flavorE GAH3] &5 S B3}
Fou ArzetAA A EQA limonened 4F3E-z<¢) limonene-1,2-epoxide®}t carvoned)

retention timeg A AT (Fig.2-22).

7. B9ER W % ARAAA A9
2ztz} ot & 99 (spray drying, fat coating, molecular inclusion+freeze drying)o = A==
H3FH 2T EAS vEZ

Table2-88 HWH, total oil retentiong B CD-flavor complex’7} 68%E single
encapsulated powder, double-encapsulated powder®] 58.3%X.tt w-$- ¢85t

Particle sizet= A CD-flavor complex7} 22.27 um (range: 3.67~44.68 m)Z 7} ZgtA|
9t single encapsulated powder?} 7 322 EXEE R Double-encapsulated

powderE single-encapsulated powder®] 2x+Z hydrogenated palm kernel oilZ coating 3}



Qo8 2 particle size?t 4487 mZ 7HF How, EX/ 9AX Fd (Fig2-23).

85% AU&EEZRE 1A% HFez 2o FR FFHS 4T 43, BCD-flavor
complex 22 Aol o9& 6A FAE FgAdol 3%oluE w4 i
Single- encapsulated powder® Algtol  wEl FEAHel FE3  FheKed,
double-encapsulated powder:= fat coatingol 13} single-encapsulated powder®29%e ¥4
Aol 27 1Ak (Fig2-24). |

Surface oil e single-encapsulated powder7} #H# 2583 mg/100 g&& B
CD-flavor complex] 190.78 mg/100gol u]3) AA 3] @gten, %flavor release (surface
ol AASA e EMME e AL Bt 12y BCD-flavor complexdlA
%flavor release’t & o|&: surface oil &Fo] 7] W&olH, surface oil& AATF F
%flavor release® =A% 2% S RW BCD-flavor complexol A %flavor release7t dA
8 wolATh (Fig2-25, 26). °) 2#E& ¥ 2% ZA) 2] ¢tAAH L BCD-flavor complex
7} single—encapsﬁléted powder2 ot 3% ¢ 4 U™ Double-encapsulated powder
o] extractable fat 3#& 135%°] Ath.

Fig2-27& X4, single-encapsulated powderolA limonene 1,2-epoxide?t A& 65
Bg =A5gon), Wl double-encapsulated powderdl A& 7FRE S AAUY. AP
2057t E¥ double-encapsulated powderel A A E7E Bl A o} fat coating©l
NAEFHE GolFq et JREHCRE BIFTE ve ATEFHS} B BF¥E
Btk BCD-flavor complexdl e AR7|EL AatEZo] B3 FHHA ¥ol figure
ol VebdlA] gk

8. Coacervation ¥4 # 3 st

gu] 4% BAZA coacervation AZ+e AU pHE ZAE F 308 TBHLE 10
A Z+EQt image analyzerZ coacervation®4 AEE BRSAUC Fig2-28& B9 7 AT
2T 3 coacervate droplets®] E¥o] YANAL I EEET TIHAT. WHA o1F 9
Aol = coacervation AZtE TAIZILZ HAHE Y3t

Coacervation pH9} gelatino]l & «-carrageenan? B && £& W42 stof W3 EW
BA(RSM)L A 8% A3, #HA coacervation pHS} gelatin: x —carrageenan< 22t 3.1
#H} 1:11.22 AARYJAY (Table.2-9, Fig.2-29, 30).

SEMo 2 Hegg #as An AR 7t 2¢e A 5 AR Coacervates] ¥

N



Hol winygz F2 AL FHAAX F F9 TR AF Aozt HAHUY. Flavor
capsule2 coacervate® o} Eo} vjn2 HArH(Fig2-31, 32).

Fig2-33% HW, 4% total solid concentration®ll A coacervate yield7} 85.8%2 7}% =
Stou} product®) % 343 g oAt old] BN, 6% total solid concentrationdl =
coacervate yiel&7} 78% AEZ ZF Dol A productd] %<& 468 g2 714 wgtonm
2, 4029 AFdAME 2 % product®] ¥o] B 6% total solid concentration®.Z A
& Al Folrh 7% ©]/429 total solid concentration] A coacervation®] A& o] Fo]Ax
2374=8

6%9] total solid concentrationZ AZH A& I EUdo] YASA &%, W
FINRELE FEHE BYS F2E 4 AAN(Fig. 34). AtomizerS ©]€ 3t hardening
agentsE F7iste Az Wee AF, 723z 22 YAE] agglomerationdt AFEf=
e & dolgE 4T Ae A AR (Fig2-35).

9. Time-dependent release (TDR)
Fig2-36°014 B+ v} Zo] wall systemolAE 71480 A% 75 A&¥oz
releasesl & AS 2 F AU AF X7 T AL YreleaseB =7 =
ZEl7E EQARAMAZE ok EHe obF] o} gl I Eo| released RoE Holh
A 8% o) FHE HI) YR release £t MMF Zrtet= e B 4

BCDT o8] =RolA ABF =2 AZEUN release =7t vl B &S ¢ F JATH

10. Temperature-sensitive release (TSR)

Double-encapsulated powderE wall material¢] hydrogenated palm oil®] ¥=dB2ch &

rlo

2= 60T)F 22 2% (40CT)NA 1Az By &, headspaceoﬂ/ﬂ flavor released =
A3 A3, 60C B Fole HTd 97%H =2 flavor released =E B Q) ¥+l 40C B

i
Ay

& o= flavor release’} BT 60%RA LR 7FE TR &% Wlo] WE releaseaATE 2
[A} (Fig.2-37).

e
ol

+>

11. pH-sensitive release (PSR)
pHE 1~92 =48t F714E9 release I=E FA3IATH (Fig.2-38). Hardening
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agents® #7314 %L sampled 2% 4 ¥ (H DA 7188 release’t 7+
2 wd, Aol AZE pH 390ME F714E9 release7t 7HE Aol wall material Tkl
AgEol A $5¢ RS AT F Y. Atomizers ol g3t W& AxHL ol
+ hardening agents®} potassium ion3} carrageenan® 4% W o3 ©l & A3t o)
748 Aeo] PFAHo] pHoll JF F7|HE S released EH7F ¢ S Aoz YEk
o}

E3), octanol-1& A2g F7IHEE releases EF 3% vivez F3 vt
octanol-19] release7t WA 7] R released) ZA ¥FE 7XE A& FYFIH

(Fig.2-39, 40).

12. Melting activated release (MAR)

Fig2-41 A BE vt 2] wall systemolA e £2& Fojg 2x wat 19 ~ 24%
o] flavor releaseA =S R, A& 7o) 2 Aol RolxE ARoy, FHRTFY 2571 =
2 flavor released =7t ZA2ste AFS BYo. L 2%9A flavor release®d =7}

3= AL wall systemoll Al&E HE

u's
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s BRE Bolt TR4e 250 2 FFL BE AT L F AN

2
Fig2-42 & B9 hydrogenated palm kernel oil®] ¥Rt @& 25 (37C)dAM B3
3 Foll= flavor release’} 49% 2 Hl A 2o wd H=HRY £ 2% (60C)dME 3

T 83%= flavor release’} B%3] Z7}5+9 th. Hydrogenated rapeseed oil®] 7%+ X4
BT} 3o &% (55C)A H#A$ Fd= flavor release’} 556%FoH, &2 2% (70C)
M= 65%2 2 ZolE HolAE Fotth 23 coatingoll AHEH fate] HEHET ¥ 25
o} =A% flavor release? ¥ @3B H hydrogenated palm kernel oilg& A}-8-3% 7 -
flavor release® =7} ©f skt o] coating fat amount®} xkele g Rojgt AYzhE )
Z hydrogenated palm kernel oil& A} 3 double encapsulated powderol*] €] coating fat

amount= 33%% hydrogenated rapeseed oil& AH&% 79 (23%)3B.t} fat coatingo] o &

A7 Qe B4E A
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H 4 & sits wil dALdol=Z2e S8k AN

I g

A 12 ATsIEA

1. B8 22 E9 SOD #3, AA

)49 A=
49 3¢ 371 9 ¥& AER 9FTN 49z AT s AE 2rIs
g ol PG 2 AR ALSAT. FY, FAAN §o2 AN FEIEFA

o2 RE Y Be MERRY seedsE o] &3t}

2) SOD9 #4534
McCord®t Fridovich®] ¥l 2jA3sld SOD 848 SAHsA. g4 3midls &
49 50mM potassium phosphate €% 8 (pH 7.8), 0.lmM EDTA, 00lmM EDTA,
0.05mM xanthine®} 239 xanthine oxidase’} X oy HAHL 25CTHA 60%
AP Fo 550nme A9
E4 A3 xanthine oxidaseE A3 BE HEEE H7M¥ ¥, xanthine oxidase?| %
].

273l 550nmol A8 EF5eo 717

.
3

1

#e ZRPoEA 1ae BHE ARG 9A

o

2,
o

ol EaHE H7Hst cytochrome co #9& ANA I FEZH SODY AL =
AaAch Y9 2 ZHAM 1 unitd  cytochrome c2 YL 50% AA 7= B2
Jog AodUrt EI A7A FEL A0 A e pyrogallolZ B E superoxideE XA A7

olol 2% autoxidatione FEEo] A& ATE T3 BHES S YES ¥

S},
3) SOD<| &2, AA
529 RAE Fig 19 WEe  ol43ath RYS AP A% F7E %W/V)S

polyvinylpolypyrolidoned ¥33l= 0.1M potassium phosphate 28 d(pH 7.8, SmlL/g
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fresh weight)E waring blendor2# 30%3t 5% 992 33} HAE wESHUAN FH3}
st x, #A3YL 8%F9 cheeseclothE ©] &3t filtering3l At filtering$t <H-& 10000
X golA 30837 AR Ystd AA AL HE FF Y (crude extract) 2.2 A&

Aol dL& HEFZE YN(crude extract)S ammonium sulfate 45% FAFA A 4C
A 3023 A F 14000 X go £EZ 4ToA 3027 s A4 HsHA
t}. AA NS thA] ammonium sulfate®] FE7F 85%7F FA ¢t AAAFI I, 4CoA 30
B ukx) & 14000 X golA 30%3 9 AHRES Aot

Ammonium sulfate 2804 9 AAEE 2F2] 20mM potassium phosphate &% &
A(pH 7.8)9 <A F 2L bufferd) T4 FAAZ sampledll polyethylene glycol
200008 FnF BHFE H 4TAA FFE HAFTF T HAFS 20mM potassium
phosphate &% A(pH 7.8)9] E Xt}

4) SOD9 54U

(1) SDS-PAGE

SDS-polyacrylamide gel electrophoresis(SDS-PAGE)E Laemmli 59 W& o] £3to
52 gel A7195E P A7GF gel & 15%2 AHE3IY T, 20mAY AFE A4
A ok 2412 F¢F A9 FE ¥ F, comassie brilliant blue R-25022 F43Act. 4
Ag geld methanol : acetic acid : water (25:10:65) mixtured] A 13 €M A|F11, acetic
acid : water(10:90)°l A 23} 24& AJZ o

(2) pH ¢34 2 @ A9 &Y

pH 6.0~11.0-°4 W oA superoxide dismutase 49 #Z pHe pH ¢AHAA-E HAS
2z &9tk pH &AL 2 pH ¥ 45893 5445 42444 1X3HF<t incubation
% nEade 2As9%. 2 pH 2 @3sde 983 2o SmM potassium
phosphate buffer (pH 6.0~8.0), 50mM Tris-HCl(pH 8.0~9.0), NaHCO;-NaOH(pH 9.0~
11.0)& A3ttt =8 a9 Do g LS HAAst7] Ast] a2d4L 50TAA
100C7tA] 10CZHAL 2 A2 B¢ incubationdol) whel AzbEz &S SN
=3

(3) AshAl & TAEA ] W3}

5224 340 FHT Ax FEolL) FRE FAGI] Aa £2BAH U Ad
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AE AT T=UVE FYSAA AJtetn adho] dF IFe A, Sodium
cyanide®t sodium azide®l 3¢+ P FT=UHEF B4 A & A H718 F xanthine
oxidase®] %<& X439 cytochrome ¢ 3Y &8 ¥F

244 5A3%AR, hydrogen peroxided 2% A4 AP FE7F HEE At T A

ZEZ dAFE Estd 84S AU

FHo2 TE OgF I FHAA

2. Bel9 73 A

D 3 Az

SEY (30X60cm) T 27 AEF - 250g
gobd R Fate HFAIZE - 4047 W9
HARPx%E - 59 Lux
AEHALE - 20T

FZAANML A - overflowd, 123t 588 223

2) T3 A wFey x4

Nutrient Weight (mg/L) X10
CuS04-5H-0 0.395
ZnS04-4H20 0.895
MnS0O,-4H,0 6.09
FeS04-7TH20 24.89
H3BOs 2.63
MgSOQ4-TH20 2535
KNOs 4.705
NH4NO3 6.21

3. SOD #FAE29 548

1) SOD &49 &34
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A7 BaAAC o] £AND WY FIE PP FHHAD

2) hydroxyl radical 248439 &4

DMPO 90mM3 50mM phosphate buffer(pH 7.4), 1% H:02, A &E 42 F UV 254nm
2 1% 30%37 irradiateAl? DMPO-OH - adduct® AAA71x, &} F 70uE
JES-TE200 Electron Spin Resonance Spectrometers o] &3}9 signal intensity® %3
DMPO-OH - adduct® %& 243 grct. o)) DMPO-OH - adduct®] ¥9 A& T3l
hydroxyl radical®] £A&4E& &3

3) Peroxynitrite 27 84¢ &3

a 1-antiproteinase(8mg/ml) 50u£9} chlorophyll #=#E 05M phosphate buffere] 7}
& 0.1ml2 233 1587k 37CelA incubationAlZ) ¥ ONOO& ¥ I 5%%F incubation,
elastase(5mg/ml) 5048 7}t 1587t incubationA] U th. Elastase®] substrate RS
o2 ugo] AFH T 410nmolM Y 27 FFEE $3 k. ONOO™ AASE 410nmel

Mol F3x As] A=S T3 SAsAT

4) XAzt A&

H,0.9 98] §5¥ erythrocytes membrane peroxidationol Xl 84 € TBARSE TBAY
o2 5%nmolA =AUtk ¥dezRE EUHP packed cellsE 015M NaClz 2%
washing ¥, catalase® A37] 98] sodium azide® 7% phosphate-saline buffer(pH
7.4)0] 37Co)A 3087 preincubationAl 1 th. 2mM H20.& #©] membrane peroxidation&
S35t 37ColA 1412t incubation ¥ 2.8% TCAE H7téch dAdEe] ¥+ 43 Imig
1% TBAS AL T3 t}g, 100CA 1083 B&A7 3 53204 2 FREE SAHSA
o},

5) Hydroxyl radicalZ %€l plasmid DNAd| i3t B3 ase] &4
Hydrogen peroxide 100uM# FeSO4 50uM$ plasmid DNA®l 7}8ted hydroxyl radical
o BARAANAR, d7)o) o8 7tA chlorophyll FEAEE 100uMe] FE2 H7IUE o

DNA breakage2 %€ DNAE B 3&3dE EHE 1% agarose gel electrophoresisE 23 &
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A3t

6) AIZTAZES g &2

Human cancer celldd T jurkat cell& RPMII640 mediumollA AdiwFAzl *F,
4X10%ells/well®] =2 24wello] plating3t3 4412t o] chlorophylling& A7+8 ¥ o]0
plating 24A1zt %o paraquatE $Ho AX AL AHAAT. LHLFo=
haematocytometerE ©]& 3 cell countings 53] AEAR Ko vX= HIHEESY I4FS
st A

4. Liposome®] 34 =4 2 AP &3}
1) Liposome2] 4 % &

Liposome& &9 Wy& F3) Az

J

(1) wall material - Distearyl phosphatidylcholine : cholesterol : stearylamine (4:2:1) 2]
¥]& 2 ethanold] &3 A7t

(2) 09% NaCl &9 e d AEE H7 T 2719 lipid 89& glass syringe
£ o] 83t w27 injection At olw &AL ZF3HA mixing3dte dispersiondtt.

(3) ©lo] 7t evaporation® E3 ethanold AAI F JYAEUE E3) AP lipidEs
A Azt

7184, Triton-X #2 4 243 Triton-X H2) & B4¢ 274, nass Y& B
Ea=g

2) Scanning electron microscope (SEM)

A7 BANA AAEY F de AL FAARSAG. % 8AZe FZARHAxE ¥
powder ZEle] AIRE HAE 0,00084 2] wj-& 2 SEM%E ©]&3 liposome? B24¥E&

Astel AW YyzAL MR

3) Gel filtration

BA % liposome°] multilamellar form?!*] unilamellar formAA¢} AL &)
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Sephadex G-100 resing ©] &% gel filtrationg 83T liposome 300nmol A &3

&}a] unilamellar vesicled] A& st

4) Liposome2] <AA <l

%39 liposomed Triton-X H3tA @3 pHel wet F&5o vYee SODY 24
& =A3Q}. £& Triton-Xo =] W& SODS 4L &A% olE°] SODe 7
e 9FS 2 A
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A 23 d7+I2H

1. R2)= e SOD ¥, A4 % S48

1) SOD &4&39 343

g 54284 A vg BEAdo]l ¥ radical® 71EAE & BELXY 544, B
RS oRA AL e Aol Fadd FAlojr] wWEd, 4 SOD 42H S

213 SOD $A4&53 %Y 335 XF 489 ¢} Indicator &2 <! cytochrome C
o] FJAEE o] &3ld AR BAHol veld F Av XA HdA%ALY, od H&
SOD AFFHe A4st

ox.

i..

2) B4 ¥ ¢ HA

Waring blendorg ©] &3t 30% 5< 58 A e=2 HE homogenization A7 ¥
filtering, YA F2E B3 HHESE AAYE F ammonium sulfate ¢ A, PEG ¥5F
& AR F Sephadex G-100 columnolA ¢l &&& T3 SOD7I §7¥E #£8E AUTH
(Fig.3-2) o}o] o]l2u%4X] DEAE-Sephadex columnol &2A|ZI ¥ potassium
phosphate gradientE® %3 £%Al7# SODE EJ3Ad. (Fig3-3) AAE SODe <«
3183U/mgA =9 H|BAES Jehdo] JAdH ez HAniEe AFAEed F£AE YEUUG
(Table.3-1)

<

3) B&9 EAF

22, 448 SODE 15% SDS-PAGE oM ©dg band® UYEMIAR (Fig3-9), &4
2 31012 9] SDS-PAGE®} Sephadex G-100 column®l 823 AAE aies BEAF
37,000 subunit ¥2}¥F 20,0009] dimer i dol BHEHAUD (Fig3-5 6) 7|ER L =
g RRe AYYEM HAHT Qe CuZn-SODY A$ EAFo] 30,000-33,0009]
homodimer2 ¢ AYel, & d@dAM HA® SODE 71&9 SOD%E isozyme?| 7Hs7d
T 9538 £ AAh

4) B9 AAA

29 g4 me BHEEde pH 4&E EA 23, pH 10904 Hdo 24L& Y

A



Bt o= Z1Enneg YAGE AHE YehiYm, £29 pH ¢F4 532, pH
s-114ES WSlolH G TATHE e (Figs-7)

A9 go) WY AHAL A e, 4 LEWE N FA F 2B
ST, (Fig3-8) 60T 7AE GAAT 0CANE o 50%2] HEBYE ehsd

ffo
o

%

o

5) AsiAe AE I

AAS® Tao FARY FRstn Y& F&ol2S FAHRY] A8 &4 SOD SolA
2 AHAE o] &3t VAL vl EH R YL (Table 3-2) Cu,Zn-SODE SolH o2 As)s}
N~ o]23 H202¢] #$ NaCN 5mMelA 100%, H202 ImMelA 38%2] A8 E et
W ¥ Mn-SODE Eo|x oz Asfdte NaNsol osiME 10mMe] sX=eA 44%9] A
7} Uelg o2 nol B FAE ZARYC CuZng FFT Aoz FUHUG.

A71el ARE EEHRAH B 52E 71E Bug g4 BAFHAN FHEL e
FZolee goy AVAAAE tha Aold AFRE Ao, isozymedl 7t EF UENR

rlr

2. ¥4 A& & SODY &9

ca% noe A% $IAAA AP Yoz, AFFTol sd $RANE T
wAE AU AR Y, Y 299 WY 23 F SOD el A 21
2 ARG

2) WA SOD B W

SAAM 27 Sahe) TATAY BYESE SHAE 23}, A 8em BANA A
o) ul@g e Ve (Fig3-9) olE S4%¢ 2%, germination ¥ 43=HgAM A
o] SOD 4L UYehitte B39 9Asa on, Lot F dazgo] TEHAIA
Aasrol wolnl BAAAFA U Fol71Fe ARE FRHAT 0%l APAAE A
% 8em o 2 BYske] SOD F2 ol 3HATH.

3) F&A 7 tE 5“*-4 3 8}
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FZAE 5 SODY &, AA 2} 12 cuttingAl HEA 131920, ¥€ 52%AF =
2 AAS}UD. (Table3-3) 23 cutting Aol B4 1303U, & 74% A== FAFHA
t}. (Table3-4) °ol& &R A Za& SODI vls| ZA4o] @& & RojeH +3A
wjrale] SOD o]l A7 wWEelgtn AU FZ A A&42A F&M5HAS &
A7l At ADA7]e WE &4 vRAE A3 JWFoes FHFHEEd v
BA debgov, AFDAE vxdA dd 37t FUtE e 2 #Fat
gAg + AU (Fig.3-10)

AN 2AL 24 AH ZAF e Fsle oo SOD #3Fel Fuyos
ojekgt Aoz w3

3. SOD #FAHEA 9 24 3 3l

1) SOD fAHEZ 9 1A

ABH B2 HEZ FHHo UE chlorophylld A$ F2AL FAsn e
porphyrin #Z7} SOD FAFERZAM Q] 7hsAdo]l dZ&=%71el chlorophyll 3 1 84
FEAES SOD FAIEZY Y3 FREAZ HASA ojg 5EAH4& FAsd g

2) Superoxide radical 2A &4

SOD #FALEAZA Y 7hed B4E& 9% cytochrome C &¥A3E T SOD BAHF
A A3}, chlorophyllin, Fe-chlorin e6°] &< &AL uJelddddh (Fig3-11) °©] F&32
100uMe] FEo)A4 SOD 5U A= &L @40 #alsle] SOD FAHEI2AH e 7HsA
A A sk A T

rlo

mlo

3) Hydroxyl radical 2AH&A

AN AdHE FAMNLE F 7L toxicH Ao 2 48R hydroxyl radicaloll g 4
ABAHES 257 935t spin-trapping agent) DMPOE& o]&3& o DMPO-OH adduct&
B A Al7]3, ESR spectrometer® %3 DMPO-OH adductel %8 #HE3 A}

chlorophyllin®} Fe-chlorineZt & A 8tA ZaAlz & dJdstAth (Fig3-12)

_!l}l'

4) Peroxynitrite 24 &4
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A2 So] AN $2e Ay FU2AZ AAEI Q& peroxynitrited] 2AEH S
chlorophyll F+E=AS0) Wal Zgsinskeh (Fig3-13) 23, chlorophylld g 484
SEAS WREEL HE Aol AR, peroxynitrites] HE 2AFAF ol AJAH U

5) XA #Atst A &

X AFoA Bz L 4 Yeludd chlorophylling ol 83 A A34EsE I
HEZ 2A%QY. (Fig3-14) 3409 deA 288 AYFE ddez AFIs
AAMAEE AT 27, chlorophyllin 100uMe] FEolA o 783%9 %L dAsHS &
AT+ AN

6) Plasmid DNA¢) i3t B35 &7

Hydroxyl radicalol & plasmid DNAS| breakaged] Wi§ RIAFE F3) SAD
7} B2 9] chlorophyll FEAE°] 100uM s =4 hydroxyl radical 2 #8] DNAE
= Aoz et (Figd-15) ol AAUolA DNAS 444Fd 4% WY
o} A8E ANTE 22, SOD F+AZRAZA B olve QAT

b | }—
83 5 g bsge ANSHA.

my e
o

oll'l

ok

7]

flio
ol

2

2=
T

o1&

o

°]

=

3 B
—

O
i)
fr

7) Oxidative stressollA el A ZAAE B35 &I

Oxidative stressol 28]l T celld] A%< AshAH-E W Op, - OH, peroxynitrite 47
& UE chlorophyllinel 23 &%#E Uedlex ARt Cell line2 WHAE
¢l T JurkatZ o] &3+ 1L, redox-active material] paraquate #7bsted ME o) &
NAZES AANA HEASS AAAG H7MHE paraquatd] B=E 2A 7] 98
paraquat®] cytotoxicity® $4 AR AT} (Fig3-16) 10uM A= FEAAE 2 Z A
S ANEF JEA 2T, 100uM ol e FEAME AE Kol Ao vehA
erol 100uM¢] paraquat2 ©] &3t ojF el AP o] &3ttt Paraguat S48 W B
&7 E Yoty Y3to] chlorophyllin 20uME H7HAZ A4, paraQuat”\} A7he A S-ol

A

o
>

vl g) 2*zke] MESF Z712 Ul ev 33 23373 #98 F dquo (Fig3-17)
GA % AEASTHY REE 2 o control T FAE ARE UEhol 2 HEHE

AMAWZF=Y et &3 chlorophyllin® cytotoxicityE & sjE A3l 10-50uMel F=olA A
AAES} FAF o] AEZHE Bo X0 EAE JelA Fsdoh (Fig3-18)

e
o
%
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A719] A5E ZFMNEDH chlorophyll FEHEL SOD FAIEA L 28 ZF @ANAS
o dE WoEAZ AIRE F e JMeAe] FUAFAR, oY vAf&s}E ¢S AHF
Qd Ao d&FHYLh

4. v sse] A4 4 59

1) Liposome?] ZA

Liposome P& & ethanol injection ¥P & ol &35 W& AAAY 7|& B
o] w2 ethanol injection ¥'H L small unilamellar vesicle (SUV)E A A7|12 7%
9% 249 liposomes A= Rez <A Utk $A4 wall material2 o] &%
DSPC, cholesterol, stearylamine®] H| &4 ¥ duid P2 wet 4219 =24 &
A3k k.

B Ao o]8¥ liposome? 7$, wall materiale] A SH oz 3 T AR=
EF7 H8 A ME £22 core material S &% 4 AoeE FHo] e WA Fa5
7] AARE tAAo] FAZl HEg B FANME liposomed URAE &R FUAPRE
Fuoh

2) Liposome 3 ¥4 =1 ¥ &<

Lipidet €429 uv|&L Zado A liposome VAZAL #FAsHr}t. (Fig. 19)
NaCN¢& o]&3td <35 & SODE EZAAIZ F Triton-XE H7ts] Q<&sid
SOD 84 &#4Z3 NaClzt PCe Hj&o] 100:79) =AM A9 &8 eI o
= SEM AHAg SsiAM #E3 AFJME (Fig3-20) 10007¢) =zo] 7Y #d$
liposome® #2719, lipide] Blg&o] =& 5079 =72 AL o358 lipid7te
aggregation©] YHERYITH

3 E liposomee] multilamellar form?1 A unilamellar form¥x 2] #1& H3F gel
filtration #3823, (Fig. 21) liposome? unilamellar forme #Ydd ZA S 7IAlz e
Ro FAFCH

3) SOD FAtE A9 nAl7Y g3}

SOD fAHZ# <l chlorophylling 4 €38 AAIS A, Triton-Xol 28 &%

= chlorophyllin®] %8 SOD A=A F3) &A% Axd & 10%FB=9 &€& e

o
i
2

|



yo] 7129 liposome AZFEFH FAHE ZE YebdUh (Fig3-22) £& HAAH ¥
HAe 9% AYAHRE SEM BES 53 4& F AU (Fig3-23)

4) Liposome?] A4

Liposome?) A4 #9& 993 pHol @& SODS 84& 4% 2, Triton-XE A
2sx @& Aol pH7 49 © SOD7F Bol #E¥E & 4 ANZ, pH7t 789 H
AR HA §250 Be BAL YeEL ¥ £ Utk F, liposome pH7F 49 @ 7t
A BAsD 789 o Addez HARHT (Fig3-24) £ Triton-X2 HIA &
b 1% 7HE 2L 8A4L JEIY D, 10%2 lippsomed HTd A5 F& YL B

=4 o]& Triton-X9 =7t UF £o® 238 SOD 24& 4A%r] d4Ee2 3
A}, (Fig.3-25)
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O

DEEE X ALY njMA =St J=

1 %33R F40) A FaA 75 2 fAY 43

1) §3}eA 2] 4 (Emulsion Stability Index ; ESDe A&

NG-AEFAA-TULH BHAOZ olFolq FHAE YHAZ F Al AP w
g 2elgoAt 7E2(CINY 2AE 245 1 3% obddel AT F ESIZ
2 Axstac

2) sEgdel Az

DEBEHL 60T ©)de L&A AAzE™ M A== 5440 AT waxy
corn starch, agar 2 gelating SHFol ¥ 60T F27|oA 1AZHE¢ FH3] wyrstd
Al 5doezxy By gl AXE ¢ U=,

A A Fe s

ojf 2X& 60CZE A& FAIsA
dElS FHEEAR ALEIAT

FASEA B2 FH@ ABEAL

29 92F
3t 9 feAE AT ERES FAVIE AHEEtY AstA mesdth FEAE F
B3 %9 F #3td Axg AP FH EE 60CE AF FAFNAA oAFE EF
3n gA7ZIZ ZFEA Zwstd O/WE F3de AzxstH

4) FAEATN FJEEZ vE F8A FF F 24 A3

Waxy corn starch®} agarg ZZt 05%(w/v) R 0.25%(w/v)e] T=2 @ F3% 9

Z 100 -



B 228 Azxsn nAFEHA Fe 2E2Q 60TAHAH 4F $ 3 A(HLB 0.6~16.7, 05%)%}
42 w7t O/WH $8AS ARG oln ojfel FEE TBEAR u&(F
Aol 242 14, 23, 32, 410] NES s Frlstath F5A ¥4 F 2430) 7
$¢ 08 ESI 2+ 2459 3399 242A% JRedd ue 2 2d F3A9 FF
7 fsaggd vlAE 9L A=A

87, 5 =% 454 wee AN Ak 1389 F3Ad4 438 PGPR ¥
PSMLol EAlol A7d 849l binary system 3telM PGPR PSMLel ¥al(O/W3
asA Ax TAG W# SHAe FAE 1:4 (0.10%w/w) : 040% (w/w) ~ 4:
1(0.40%(w/w) © 0.10%(w/wHZE HSNFWH O/Wd #3449 FAHE uE - B4
=

2.9 BEA A4 2 EF v& 2A

O/WE 437 FAL 9T DEEA S Bl SFHAY EAHE 42E AL T
Aol FAEAQ 034 REEEXI AWAdE f5x e 54L& FHlEorY sz,
agar, waxy com starch, gelatin 52 Al £7& dAsA =¥, FA9 Z 5 oh

AAZ NB2AL A4 WolE @ FF NBEA 2 F FF IBEIL AgetE

waxy corn starch, agar$} gelatin, L2} 3 gelatin® waxy corn starch® %% - %35 o

ESItE ZHste WBgds 24¢ =3 4

3. vlAf&Es e 43

D WAREs & SAY

5% cupric acetate-pyridine(pH 6.10) &%l €3l oleic acid7t FFH oz LMol
oju] ¥ Re v, AA)Fo oleic acidE 20%(w/w) TEZ H7lstd] FHEZE ALE
gt 23 olAREs =2 FL ANAe F£37) A5t hexaned viAZE B4
Az EF FrstE 1A B AN F AA LA FH3| 5% cupric acetate-pyridine
oz wANZAT wAFA L4 3000rpmolAd 5EI YHEEE FHsn FALE
3 3 B33 EA(UV-2101, visible spectrophotometer, shimadzu)2 715 nmoilX &3 =

Aste] WEH oleic acid] %& Aiste wyoz vAfsstd YEE FASHIA

M

A

=
=
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2) MM les 34

o §3td Azg APH FH 25 E 6T AAFHEA FAERAA AR &
JAE ¥ st T RYAM(Ultra-turrax T25, Janke & Kunkel, Staufer, Germany)
2 30%3F 9000 rpme] £=2 ZstA g F, ojv] AMzxEHR FEEAE EFIX
Al 9000 rpmell A 30zt w3t O/WE Ratdg Azt o) FA st AZH o
A $Z28H30O/WE) 5349 ASEE7)(Wagner, Germany)E A3l AEE
FAANY FFH52 @ B4 W2 BFsto mARe3 st

4. MSEAREN YA g4 4FAHA

Ao} mlAHEs AP FAEAA YU (central composite design)oll @k A A 3}
A1, AU AL L Statistical Analysis System(SAS) program(SAS Institute Inc.,
Cary, NC, US.A)S ol&3Ath vAAEsted 98-S wAe ¥4 [Cml{Wm]e HE,
F3tAle v, BAvle &= $& ZAZe EYPUFE AAEI, Z dFES -1, 0, 19
A GAR R3sste] AHHRE Table4-29) YetRAenl, Z4H2e] Sy g 494
de 1Adxe d3ZAH E oudy FHAE ol&std AU 012 codest WFE
ol g3t FATAAZ 23 Yo AP o, Tabled-39 THT F 16709 4 ¥
T& A2 f£YstAn

W

5. utg gAY o vA PaestxAo HHs

FATHAYY wet AAT APF(Tabled-3)°l 23te =& AH(Tabled-4) v
AW &3le] 8-S RSREG(Statistical Analysis System)Z& o] &3t FAEA3l3, 334
P4 5o niqRAes 219 HAHI}E AU

AAolfo vANEs e FEH SPH4QA [Cml[Wmlel 8 &X), 4w 2=(X2)
o} FatAe FEX W BEIARYA L oI 2

A7)4 YE BESEF X, KT SUAF, bt BB, by by, b HAAFIG £B



ALY A7 YA AGEH Ao ohn IFA(saddle point)¥ BFole TAEH

(ridge of maximum response)& st} HHHE& AT

6. €= 2 pHY A& AZARE 49

o) 4 AE BALN(%)S 5T, 15C, 25C, 35T, 45C TN & 792 AFstEA 24
o) o3 +8& A< ANHAY £ HHo AFLEA BFT bufferd A(pH 2, 3
4,5, 7 9 11, 100 mM)E Azsd wARE £43 L1(v/v)¢] H&2 EFetA] 747 A

Fg & o ARE) AFVRLL SHHLAH

7. Scale up factor®] 23

DHAZ d&sts of8 uzoz vAR&se ¢ zsojxer & 8UEL [Wall
22 : [Core 2R]9 Hg, 3t W AF F3Ael ;% ww), 2ol 25, 7
stelo] dtak : Ratalo] dapu]&(wiv), BAAe pH 22 Table5-73% o] 24 89%F
o z27g 2esEA nAPEsE FYsA

8. A%53 AL AF dgurd A%

AY EFF L PBZL o83t 7129 vAHEst DYPdAM ZA RojuA &
E2 AE3 TAY duRLL AFsAch of W g AFEZE JH BAMT 7AA o
AE B WEY LEHA, 1) BAAC wAsHE bubbled) 24 WA, oh) A% FRE
A% £E7)el AF Sojtt a2z 4¥Fez AFE ov) 2dE o] &3t scale upd
o AEe Aastn, du2dd o8 YaHA nARes £ BHL FdEe] Py
7 w7} R 2 5% cupric acetate-pyridineo] ol¥F LMo ZAHH

RSMoll &) A3 e lab scaled &3 Bl SA33A .

7+ sl

lo
Rt
i
oot
it
i)
il

9. 2% coating microcapsule A48 93 75 XA

HA zA0 o8 AaER wAPE BEAAS of(fish oi)E 20% FF3te vlAA
45T 1E33GE JEEH2 3o Tween 60
BA)o] 0.1%7} =)A £8)A17] 2, polyglycerine polyricinoleate(HL,B. 0.6)& #3212
3t wAREs FAT. F& AL 98 of(fish oiDE FFHT vAZE 240

& Bado] HEF Axy F xEo

—_—

wo
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glucose® 15%7F HA &A1 & #3+41Q polyglycerine polyricinoleateE 05% % =2
A7rstel murstAch o] FA e fsidd] IAREZQ] IEHHFE 45TAM &3
A7 & H7eto] stirrerE® AMES kA7), Tween 608 FU E4ko) W2 EA}slS
double-walled microencapsulesg A4tstsich. & &3 DNSo| g A3 AR
9] a] double-walled microencapsules £4t-& oJ#d F oo FollE glucosedE A

Fohe WPe 0T Arh
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A2ddys347

1. $39AA A4 9% FF FAx"e) T35 9L F3A A3
1)ESI (Emulsion Stability Index, %) Z3A

ESI = {1-(23 5ol WM #3)/(Z27)d FJ8 WM #3)}x100 -—- O
= (1-(2d AR e CM] F3)/(x7]d) F4E CM9] FI)}IX100 -~ @

2) A8 438 A [CMIWM] mgs] 27

Wall 220] =357 ¢ 252 60THA 245 ¢ incubationAl 2 ¥ ESIZE 54
g A3, [CM] : [WM] Bl &) 4:6 - 6: 4% 3%, ESIgo] 100224 A FEAE
gAge & 5 glen AAAY L AL o core ER] Be) FHEFE Fd
sog “[CMEWM] = 64(ww)'S HA e vl&2 AA3Ah.(Fig4-1,2,34)

Core Mat.[CM] : Wall Mat.[WM] H] &2 24 : [CM] : [WM] = 6 : 4w:w)

3) &3 &3} A (singular system)9] A17:

[CMIE[WM] = 64(w:w)(Z, 2hrs of incubation at 60TC)ol*  Polyglycerine

polyricinoleate (PGPR, HLB 0.6), Sorbitan monostearate(SMS, HLB 96), @ Sorbitan
monolaurate(SML, HLB 16.7)& ©¢¥ &3 A2 A48 9 (05%° $%), Ste] ESI
#4g e F UM

#A & 3} A (singular system)?] A& : Polyglycerine polyricinoleate(PGPR,
HLB 06), Sorbitan monostearate(SMS, HLB 96), ® Sorbitan monolaurate(SML, HLB 16.7)
2 MAR05%2 5%).(Fig4-56,78910,11)

4) H2 §3A(binary system)d] T3

o84 2232 2939 emulsion® A%X§ A, Table 1S SAsAh WA, ol F
o] A3.e PGPR+SMLE #713tE binary system3tollA 33 Ath.(Fig4-12)
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A 34 (binary system)2] XA : PGPR+SML

5 H32 #3tA &g9le 4A:

$3}A19] binary systemolA, (PGPR:SML)®} #3ulE 27} 2:8(0.1%6+0.4%), 4:6(0.2%+
0.3%), 5:5(0.25%+0.25%), 6:4(0.3%+0.2%), 82(04%+0.1%)2 T¥3o A4 A, 55
(0.25%+0.25%) 2@ FANA Ao ESIS dAh(Fig.3-13)

HA fstA £gvle A4 5 PGPR : SML = 5 : 5(0.25%+0.25%)

6) EFRsHAY HA totals e ZA:

f2tA12] binary system(PGPR:SML=55)71A, total #3A #7t v=& 42 01, 02
0.3, 0.4, 05, 06, 2 07%(w/V)Z WA 7|HA o] ESIgE &AT A, 05% oldalAs
10022 AAF emulsiond FAFE Aoz FIEHAE v, HH total TEE 05%2 2
et A (Fig4-14)

EgrstAle] HA totals el 2A : 05%

2. 33 HEEA FT7F Y EF vl&q 2A

Wall B39 £FE agar, waxy corn starch, gelatin®] Al FHE agar® waxy com
stafch, agar$} gelatin, gelatin® waxy corn starch2 &3l vl HA v=& 29
3l ESIS 2R3 23 agar(0.5%) @ waxy corn starch(0.25%)9] E3ulolA 713 &
ESIZ UEle] Wall E2E Z=H=8  agar®t waxy corn  starchE® A AEY

2 (Fig4-15,16,17,18,19,20,21)
Wall 22 £7/9 AA : agar(0.5%)+ waxy corn starch(0.25%)
3. MAREs} FESAYY 234

5% cupric acetate-pyridine(pH 6.10) &%l oleic acid?} HAZFA o2 Hago] ojm ®
2E e, FA o g0l oleic acid® 20%(w/w) FEZ A7tste Algatgth. 28z B4
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Aest 92 e AWAS 2387 93t hexaneg 7SI 1A TX AAA F
g £AL #Hs| 5% cupric acetate-pyridinee 2 HAAFTH FAHAH SR
3000rpmol A 527 4AEAE FPstn A4 A F £ FEAUV-2101, visible
spectrophotometer, shimadzu)2 OD. 715 nmX &F3=E 573 3t W& % oleic acid9]
ore AAsE wyoz wAREs B AEE FAFAG(Figd-22,2324)

o

1) [DHA] : [oleate] = 80 : 20(w/w) E&vle AA.
5) 5] 4758 standard curve (50% ,75%, 90% 95%, 97.5%, 98.75% ,100%) =4,

4. ¥ BAo oF nAYEs 29 JFH
1) RSM factor A& (Core material : Wall material ¥, ¥4t &%, §3}42 %)
9) RSM factorel thdt Code value A& (-1, 0, +1) (Table.3-2,3)

xupake] w A AEs AP 34343 A (central composite design)oll wheh A A3
T, NS EASAREAML Statistical Analysis System(SAS) program (SAS Institute Inc,,
Cary, NC, US.A)S ol &3tgth ulA&std 93& nAE A< Core materiallCm)] :
Wall materiallWm]9] Hl&, %849 =, £4ue 2% §& #4749 SHAFE HAF
T 7 WMEEe -1, 0,19 A SAZ B35 st AP Tabled-2¢) YEAAL, ©]¥
3 codedt WEE olfate] FAFAAYS 23 2P0z A3 16719 HFTE FH
A2 £33 At (Table4-3)

ZAFAA YN o AR AY @AM AAARE vAHES AL F FES
238 AFE Tables -4 zov, Ao 4gFE 23 WEF Aol

Table.d-4% vteto 2 RSREG AM@std vehd 23 Tabled-59% 2oH, 3714 =
W 2= (X ratio of [Cm)[Wml, %, Xotemperature of dispersion fluid, C, Xsiconcentration of
emulsifier, %)7F z+zt W 3hdto] WE vMPEst] £& Yol i AHL o 2

Y = 100138621 — 0.735000+X1 + 0.840000+X1#Xe + 0.817500+X*X3 — 0.852500%X2*Xs

olw A¥AL(R-square)s 08046011 FAE 0115924 10%FFANA AF =AU
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s AEA os] HAAE RN, F SHASF F30e] BAE UR] BFE zero FEL
Z 53 3xdez =43t FEUF Fo] Ay FE Hags e 9 FERs F
EE2 AF dol RS e Yoz ¥Me A Figs-252627 o A7E 4o,
%% X (canonical analysis)oll Al critical value® “} &Yl Table4-6 A uncoded valueE ©]
43t Zhzke] EYPso] Uid HHge Targnh M B UANES £&8 YEdE
He RAERAAA critical valueE YEhd oz, AFA7F 10046%ReH, dE5A=
9991%9 +&& B wA £ AP ojie HEEW ZAY A% HH niA
Aest x802 Asgen, o] oA Z A9 F2 [Cml[Wm]d v &2 4951, ¥
Ao 2Ex 194T, 39 FEE 048%SiTh

5. A& 2% AL L pH HBA &3

HHzAsMAM AzE AP E A 22 AFAAFY 248 AIAE Figd-284 4
Bl ulo} o] 25CoAME 790 AYUx 99% oldS FAste Aoz Gvelygo a8y
5ColXE 79 ¥ 50% olst2 Zaste @4 & & de, ot vAle &4 2%
7t ZastdEA f5Ae #38 FHel AHstEo deive dYezZ JLEHJG a2z
5C R 4£TAAE A% Fo +&0] tA] 25
25 BEHAD ofF D oleic acidd] A£AR A3 FFZ FdFE A7 GEJ A
o2 AdHAD.

HA AZe=2 FI=W 25TeA pHE=2 EA% AAARAL AFdE Figd-299)
vERG vhel Zo] pH 7oA 7HE <A Aoz JEnten, pH 59 994 #z M 2
Z2&e 240 2 99 pHAME A ¥xd ZA24XE Yetlded, ol g

Ae pH 1394 BE& =0l ALikg %3517 98] hexaned H7/MRE o geld == @

23

9 F pH 79149 F&o) ue

6. Scale up factorg® dAs7] §3 &2
w-34 DEEFEZ Agate] aA €3 FAHE scale upF22H VAAES ¥ At

al7] Ysted AA scale up factorE ol@ sl zo] AR
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1) [Wall 2] : [Core 419 ¥ &

2) 3t uo AE F3hA FF0%, w/w)
3) B 2%

4) frahoie] g : Aol FFH&(wiv)
5) 49l pH

oA MAG factorES 23t lab scale : pilot plant scale = 1 25 ~ 1 1009]
wez 7h U, 2 2L scale updted DlAAEE £8& AT 2, lab scaled] M9
o) M 7&8h 48(9991%*1.01)% pilot plant scaledlM el A3HE 9968%(£012)2A4 M=
S A3 A CHTable 7 #2). £& $53 ¥ 22 scale upst] 2Atde] 259 pHE ¥
A7 2T pade 5= 20C(Fig4-30), pHE 70(Fig4-3N4 = Sdle mAREg
28 2L & AYXEH scale upe AHEY) WA FIF AP 2AGS & 5 AU
watA, olatel AFZEE scale upd AAFOEA WIHE FHxAL v ReE B

B E AT

7. A% 249 ANz A 2 ARE +8 24
gyHoz ARY o 2L o) £5d scale upd HAVES AWHL F8E EH

8t lab scaledl A 9] PlAAE3S 543 v £HAT olFe) ZHAEHH scale up

2 ANIE AE ZFLEAT lab scaledld] FAH AFEE FHs AFsE THE set
upsts o) A% - YRANS Aol T Ao VAN (Figd-32)
g 2N ZAne P AFsE 50l lab scaled) ) mlAZEE3 &2 pilot plant

scaleol 9] A= 9968%(£0.12)2 A2 2 Aole gldoy, AFHE AT GuEdd
ola Mgl b WL $8E 97.79%(+012)E lab scaledM et tha zelrh AT
(Table4-8). 2 ol¢x 7b. BE ASFsstaA Aoz Zojd A A% O/W
g7 2o 2 o 2xAE, o £R71% nE# U doldEe FEdY It 52
2 Bugq. a2y RRHoz AFdste B A FFL nstd 2049 23

o0
oo
of
o
o
%)
=,
=]

m
=]
o
o
-
o
@
=]
o
4
<!
7
£
)
o
o
(]
e
N
)
olf
ox
N
>
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HAzdo o BAE vANE XS TEAFE AHEHA double-coatingS Al %
gt € 992 #H7I3 glucose® DNSo| <3 #dF Ao o8 &AsqHoH, #
3}A 2+ polyglycerine polyricinoleate(HL.B. 0.6)& Al-&3l9 7]&3} 3A.

99} e Auj A o3 AArso}A double-walled microencapsules®] 4-&2 DNSO
9% AT AFYPel o3 2T A FF 487%(15%) &S JYEATE gEA
multi-microencapsule®] A4t 7 & AdAen, £& FAE AdMAME 48 Fd
A7 H9d 2 7HA 295E $HHez sjAsor ATk F, st 98E2d AA,
Y. FAERAR R E AfEE B4AF JE5EAQ 1EFHFE FAZE 9 A8
FrEAle A, . FAER  JEEZHY ¥, 2 FHEA-FHA-DEEAE JAEHE

3 294 94T gz, v EAviel AHER FEiAle FF R vx9 FA Folth
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A 6F FANE vAREY HAELY R B4 U

Al1A ATFPPR

1. 234s

M A&sY 13890 # % (1,500,000 Scoville unit)g HIAACIH WFR A Y
Aez AHEEgo. 13 ojente ¥FEL AldrichAlF 22 capsaicin® dihydrocapsaicin
o] 65:352 A Y AL o) &sAt. vAHPE&e] wall material 4ol FAA WA=
qge HAsty A PlARNEL core BRAY nFLALHUN: wall materiale 8
92(w/w)2 dASA 2, wall material 4L 2@ ste AlZA(gum arabic, 100%) , Al
& B(gum arabic: modified starch= 50: 50, w/w), Al &C(modified starch, 100%) = A %3}
91, wall materialel ZAL gum arabic®} modified starch®] vl&e] ZE=F (50 50,

w/w) 9AsA 33 core®} wall material®} vl €& 2elsted Al &D(Core:wall material

8: 92, w/w), Al& E (Core:wall material =10 : 90 , w/w) , A|&F (Core:wall material
12 : 88, w/w)2 A=R3d wall material®] #F F7171 B WX ¥ A
st}

oA gEe] AFEA
Az T3oleoresin A E B 100gg #HEZHH 5T, 25T, 45T, 65T, 8T,
105Ce xoAd 43 717 5% AZsAc # 7Idz A AgE A FAEE
(CaS04)E w& dHAAoE o] 3U F¢t Aol HES total R surface carotenoids

% capsaicinoid £4}el °j&3% .

2. AFvARETH 13 Yed3Y A=A
1) n&
3l

2) &Ly edRe A=A
2422503 SHU) 0.lgel @2 10mE 7hste} 10000ppme} &l 2al2 514

A BE & SAgd 4+ 2mlE ¥3 5T, 25T, 45C, 65C, 87T, 105C 9 259
N EAL 931 94 717 B AFeAch 2 vz Sust 229 g dug
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2 4000ppme] X & ZA| ¢ ¥ capsaicinoids ¥%& HPLCE 43831 carotenoids &
ZF R YEE §o)F 54& A3 1000ppm2 =2 43t A A

3. nFulAAEY $54 A2

232 MAAE 22 0ge FUVH(CaSONE e FAA o)) 65Uz 4
ol BES F 25T, 35T, 45TCAXM 2 11%, 32%= =3 wAAlH dA 7|1 F
F AR G GARSHE nFeULUN A MAE R AEAUG.

4. &3l A7 &9 total oleoresing] F&YY

AZY nFHHN sAfAE 2ES CaSOE 92 tiAAoEHe 34 A2aA
BESY og 2o ol &ttt AR FE 50 2 A8 FA0.152)E A3
AAh QAR Evo 125ml9 dimethylsulfoxide(DMSO)E ¥ A &9 wall material
o] A3 LA oA EE 55CoA 583 7tEstdrt. e 1ImlE vAfdEol
£319 LA Po]F 58I vortex mixingdte] TLFEHLHURNE F&£3UTt ol
wall materialdl @4 8E0] FAWEHY o5 EFEES 21000rpmollA  20¥3F AR
AAAe st 25ml volumetric flaskel]l wel 232 FAE] thAl 11mlg &S
A7te & 3% AL 23 wEIYY. €2 E 25ml volumetric flaskol &3 tg
capsaicinoids 24< &) 2 £ 20uE HPLCE BA3¥a, ALY AL carotenoids
27 2 ANz A% ZRE oStk FABE total capsaicind TE mg%E

EAsgon AR £28Fe AAG FAS J1Fo2 Y

tilo

SHU = Fcapsaicin(ppm) x 15
1% capsaicinoids= 150,000 Scoville unit=1000 mg%= 10,000 ppm

5. 210 N7 <2 surface oleoresin®] ¥4
ol MEAE 2g& thimbledl ¥ol cotten woole €S & A&7t 23 extraction
thimbleg soxhlet extractoro]l ¥ it &v)Q diethylether 50mlE extraction cup®l ©I.

Soxhlet extractor(Soxtec System HT6, Tecator)oll cupS ¥ 32 1587 Boiling §Alol =
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45%-7F rinsing 1Al Fo} &g £ulE 2L cupg AW 100TAAN 30&zH
Azdn YA @ 25mi2 FEF F capsaicinoids XS AW T &4 20uE
HPLCE B89 surface oil®] #3H(%)¢ 243t A8¥ &AL surface carotenoids
274 @ P8 Ax ZA o] &3

k

6. HPLCE ©] £ & capsaicinoids®] ¥4

2288 0d7e capsaicinoids®] 24 9% HPLCS Z@L Table 1o vrebsich
ol s 1 ¥ = v/wvez 93, #42 lm/min®& 2 x-bondapak C13
symmetry column(39 x 300mm)E ¥AdAch EEAFLS  Aldrich AIF22 capsaicin¥
dihydrocapsaicin®] 65:352 ZA4% R& ethanold] %4 XFZHE 7oA 29, eluent =
AE &ulE 25 HPLCE SIANAS AEsich &dHd 244
(control) L vAAsdAM F£H —7}‘——%21]9_31]-{19] total 2 surface capsaicinoids 3
z=Ho olgsturt TlANEsgE nELe LU capsaicinoids® A& st F A

2 7 3719 samples W&} HPLCE B3R

& pEgdedd

7. G NE L 2529239 carotenoids?] &4

DS 228 222y 2 & 2@ (contro)®] carotenoids FF 4 &
915l Shimazu UV-Vis Spectrophotometer (2101PC-Japan)& AH&3tA T 454nmeljA 43
g FEzA el niededne AFSAA AFde 1000ppmez EHAd
GG 2 E A |

8. RFvARE ¥ nFLdw A= A

AT Color and color difference meter(TRI-Stimulus Colorimeter, Color Techno
System Corporation, Model JC801)E At&3tel &A3tA2w, Hunter scaled] <% L, a
2 pgroz Uelgdch ARAT we nFuLddes NEEHL JYARS 2T
NS 7% 23900 ANJAZE total oleoresin D surface oleoresin AWl 23]
DEoj7 ABWARE olgsUTh mELUSAWL RS 1000ppmo 2 M} =
Hagorn] B 2 ddNzE zt7 53 A5 Aoz Yehid EEWRE U4
B(L=98.03, a= 0.08, b=-0.56)2 A}-&3 T}
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571 A8 A7bA] 23 JLAEEL LS FU AL FESH
A3l nFvAPE A8 FT2FEFA(water sorption isotherms)ES TF3tHoh

LiCl, MgClz, KoCOs3, Mg(NOs)z, NaNOs, NaCl 59 T3l 89E AH&std Z4zt 011, 0.32,

041, 052, 062, 281 0759 FEEH4E2 A
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A 272 AFFIER

2EeAREs AREA
pZuA7M&e] Wall material 2319 #&de 93 ZAY ABE Core(nF &L
A)9t Wall material®l ¥l-gol 8 : 92(w/w)ol¥, nErlAQ&eANRS] £, £EN(micro
Kkjeldahl ), surface oil®] ¥ (Soxhletd), 281 G532 nE:gHeye I
747t 549, 0.3%, 0.3%, 94% 2 EA = ATHTable5-2). Total oil?l FFL 87%2 B =
o] ¢ 11%9 ocilel Edel ZFste Aoz FAHUG oW uAHE  total
capsaicinoids ¥ #& 727Tmg% A th.

2. Capsaicinoids®] HPLC #4]

HPLCE EZ22Ae 24§ A3x 83%4A capsaicin, 109814 dihydrocapsaicin°l &
25 (Figh-1) AAAE FRIY. F 7FX HE9 total capsaicin peak areast X
zg ool capsaicin ¥ =(ppm)e BAE Fighs-29 e, Total capsaicinoids & %
37ppmol A 300ppm7AxI 7t A@A o] e HlATHIATh WA o] Fho] EFd F
A N2ZgH A4, 252238 AR o)F ) Y4 o185

sByg BAWS olF ZujAre oA 2 mANesE nxSHdy FrHEe
2282 ¥28 22249 Y o)&sgdn viAREAR TE R AR T FTHALE
o] WsE M oj&¥ F7 Utk

O
]

3. DMSOE A& & 23vjAiz}< ] Wall material 712
1) Wall material®] £3}7} 7}5 &ojo] 44
2 17711 &9l Fo] dimethylsulfoxide(DMSO)9 A& FAHHCD) o] mlAf &S
a8 & g |2 HAFAL HCIS ZF 4oz Qs Mg 4859l <A
Mo A8e Z 47} YL HPLC 248 ZHd= &4& £ & U222 wall material
—E—?H% gujz= Hgsx Loin BoEYes HHe wall material FI FTIEA
49

& & gasA

iy
K
r>~l
Mt
X
(E
oX
o)
Ho

Capsaicin<  ethyl ether>ethanol>acetone>benzene>methanol>n-hexaned] £ o2 &3}
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7} AE) 3 cold water, hexane, pentane, petroleum ethero] &35 &+ AZE& 731 9
t}. Hexane, pentane, petroleum ether %Fe] DMSOQ9| &%= oly3tg e 71gl &0&
& DMSOYl E¥:Uch DMSO% E¥s|A @& §v)Ee 2% DMSOS vhaziaz
capsaicinoidsE &3 5 gojA AT AHol(phase transfer)e] EHE 7|71 oyt
3 gAHRenz HsA Fz BEHJUT. DMSOsH EFel He SuiEA
diethylether= capsaicinoids®] €8 74 ZA 9 HPLCE AH&38le B4 o u]34
o] Ztyol £&449 7teAlel U3, wall material 319 o A BEY AAZRF
o] 42 ¥ou WYHAL L LAz Asty FFEHA HFAHA dvn #LH
Ak, DMSOE %<2 boiling point(188C)E 71 &ujel2=r Fdd o8& AAY offd
3 ggsHRonz DMSOS e &rizA 85528 FAANZE +# o8N 1533
g dstd & §A4E 71 ol g &S ol &3

)

2) vl &9 AHE-F} DMSOS AHE-Fo] wall material &3)o) WX %

2ml?] DMSOE 2ml2 YA3A AHE3tn 01~07g8 TFuAPERLTE Hrtetd
wall material ElZZE FAFIC ZFoANREED 015g% 028 AHESRE o
capsaicinoids®] FL AdAI FFE BAFULL o] Brh B nFu A& Hle @
£ capsaicinoids¥ #H< B FA. oA DMSO7t vlA <2 wall materialS 83 A7)
tH A7 QAU nFSHdIE filvol W] WEoZ Rt wetx DMSOAHE:
o] g o A& AFEFo] 75~10%(w/v)7t FH o2 A=A HFigs-3).

3) tEAYgzol nAAEY] 3o e IF

oA 7E 0.15ge] DMSOE 2ml H7F8t: wall materiale]l &3 93 7tdL=rt 13
2o ZFZo plXe JFL capsaicinoids®] L AT ozN HIEHG
(Fig5-4). 30T, 55T, 80ClA il capsaicinocidsel &S H o Z}
Z} 30%, 208, 102224 79X EE Fo9Fd me 7FEANLE d5EHJG 2 2
A 5] E capsaicinoids®] H 3 3L Zolrt oA JHE 2% 30T ¥ 55TCAe Hx
FHFL 765mg% L 778mg%E ul=dtg oy 80CAME Ao 729mg% s UEHNR L0 20
B o]Atel 7} 2 capsaicinoids & He #AE FEstdth ol AL ¥ A7} capsaicinoid

[s]
-3
o) AtAA o) AFE FolM dojd ez BAG.
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4) DMSO¢9] Atg#o] nH Ly F&d v 97

n A Aee] AHESZL 015go2 QAEA FA8n DMSOE 05ml~2mlz €ste I
Jbatm 55ColA 308 S 7tgEtm olFdE 2& Wyez FF IS THIAG
A& Abg ol ulste 8uj¢l 1.25mle] DMSOE AH83E& W 319 carotenoids
stake B oFEYH(Fig5-5). Spectrophotometerd A4-3 capsaicinoid ##& F73 st
HPLCO) o1& 3tk 2ady vwsgdd 28InmilA F22E FASAUE o, vlAfeY
A& ko] tg DMSOAME el vlgo] 5olgtel e wlg ¥& FAAE RAFIUT 2L
A2 E HPLCE BA® ATE capsaicinoid®] TFol 2A EA AT mhA o] ¥l
Hx DMSO7F 842 4 UE capsaicinoid®] o) ¥ Aoz AHG whE
o] AFgEke] B DMS09 AR Hl&o] ¥ 108 o4l WelelM= HPLC
)8 BN A3} capsaicinoid 3ol BA BRI FAlel spectrophotometerE AHE-8HS
BoFgit}h o] W9 oAl spectrophotometer® AM&E FFEA
o AuyH oz DMSOo) e dlege] Agugo] Wold o2 A3, wall material 4+
g43lE g B2 293 BEAEo] SAsA AAGA ¥A Hol FHE ¥
e Zx Aog rth uwetAM nAREe] AHEF 108 o] DMSOE AH&dTd
ausA B5stEo) AAHA ¥ AHE oF7)ste] Spectrophotometerd AHE-dhe RE
gFR Mo HPstx] o HPLCE AHEd 24 ye] uidasign A=A

o
> £
rir
Hi
flo
ol
ox-
mlm

5) olgrg el ¥yt nFLHHNS FF vAE ¥

o7& 0.15go] DMSOE 1.25ml ¥748ta 55CAIA 30% 7t 3te] wall material& &
A7) 50~100%(v/v)2l ethanold 11mlZ 23 H71go 2R HI7EE ethanold Fx7F
capsaicinoids®] HFZ Rl e G YrraAH(Figs-6). A&EEe] =7} ol 9
we A FA ALY vARE AT o 00%E FA Frrsen oRE Al
28 A2 wall material A7 2%2 FUH Az AL dAsq A9
37 wall material 220 2AA HAGL B 5 Jth 50%(v/v)e ethanol& A
19e mo] %<& capsaicinoids #FS T oF AYE Aoz FAFT £ ANeH

100% 9] ethanollr"'é} Ab&8IR S o 780mg% =4 7HE &2 capsaicinoids ¥ #FE HAFZ

Y

ol
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6) EAIZFo) capsaicinoid F&o) PlA& 3¢

1.25ml®] DMSOZ &€ vwAAEd F4 ethanole lmlz 23 Mg F
capsaicinoids® #%37] 9% EZaAHAE HAEINAXI (Figh-7). EFAHE 40HzOA 3
2 ooldo® 39S W AT BAXNE d& & YA & AYoMe X FE2E 9
) 5% FF EiEd.

giid

7) AAEYzA9 HH 3}

AAEY AL 208N dA3A 3 8000rpm~21000rpmo 2 £E2 ZEdlyd F
29 nZgdedde V432 ¥} capsaicinoids¥ Fol "N FFL Frhstad
8000rpmel /el £ =4 760mg% °ol’del BHAE d& & ANTHFig5-8-a). 5000rpmel
A 21000rpme 2 JAEZEE EUE o BFHES] FFE 85%M 69%7A Fadto
AR Bk 29 AAT BAA L Yo JdF Aoz HANIUTHFig5-8-b). &
JALEE 21000rpme 2 ASIA g AHEHALE 3RS o 158 ol dHE
2 AelN 9HE e 2o o see #2E BasdFe
E AN e 208 AR Fig5-9-a,b)

2,
oo
e L

Al 15% ol F

sl
fu

8) Ethanol®] A& g nsgHedHA $547

FrdaL e AHEEa e AMEFE 2dS B i gHdAY F2IHE
H7V A tH(Figh-10). DMSOANS- 2] 38} o] 22 ethanolg H7ISIHE W wall
material?] AAPFL S¢oz ABY £ YU} D2 ARFE HFUHoZ FIHA
7ol weh 2&o] Bol L ¥ £7F ARXS™ DMSOE 1.25ml AHE32 10ml ol4+e} o
weg 23 wE ASHNUES W YA ol E@she] wolFol DMSOAE R 8} o] 4
o) oletg Atgo] nE LA S FEo g HAFAL

Ethanolg Al-&3le 139 %319 wWE 700mg¥% ©18}2] capsaicinoid &#<S B o
Fo] 23] 32& FYsIAE W Bt FUHoRE A9HSA capsaicinoid7t F&0l HA &
gtt}. Ethanold 11ml AHE3ld 23] FZslgS W 79Tmg%’t A&
capsaicinoidsZ BA L™ ol 7]Fo2 3% S u Ethanols 10mlE2 23 F&38%
o Ao 2L FFol BMEHUD 10mIE 13 23RS W 23 84.4%(673mg%)
Zo] Egon 20mle ethanold 13} AME3H-S o 87.8%(701mg%)7t FEH)A §HE

o
o

4»-

tlo
e
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Z¥o| RN F&o ARHY FAHUNFigs-1D).

derez 23 =234e 9@ 6miE 23 A14F ASE 1mlE 23 AESAE W
91.49%(728mg%)7t =& EUx 10ml o}4 (DMSOAHE el 8u) o}3)E AM8std &¥3)
A AW E &2 oleoresin® F& = U tHFig5-1D).

8ml, 8ml, 6mle] o e (E 22ml)S 33] ¥rE H7}8l9 capsaicinoids®] ##& B
A7 978%(780.3mg%)2 UERon oA e ¥Io dEgg 1mi¥ 23 F2
(95.7%)8t4S et vl&g ARTA 2L EFQ20mDe A A W 238 F5
o g% 33 &3 L 49 FF0) Ne¥E ¢ 7 A (Fig5-1D).

n’.

2Z2zo] BALAY Y] B5EHFo] nAE FFL S 2H 18] FFo] 55~
65%2 UEIon 7~9%< el 23] & 33 BESFE ur JdHez fdue
FatEgEo] A Ut oA WEFZ] ste BFEEC] § Fo2 EdlE
A2 wqlth 23] WE E2ZAdE g ALEFo] BEFE @Fage ¢o]

QX AR oz DMSOd H&a B Fo dges Agde AL d4FE A
golat7 e ¥W nF YU &E FolstA e TV AU (Fig5-12).

N

QL

)
tlo

&40 nEu|AAEL £3A7 ¥ ethylether® A olE AlA total capsaicinoidsE &
A8 AT & oleoresin® FFL  87%(72Tmg%)= YEIRT. DMSOE AHSF  wall
material 23l o2 BASQL Wt o £ FF9 total capsaicinoids’t EHFHJ 2R
7 AAolrTt AFH BAYYS AT F AU

DMSOE Al8 & total capsaicinoids®) £418€ diethyl ether® ©-§@ Adolgol vlat
o aZe] ARES AHgdte Ao sbsatw Adold A23E ARE Y F7b Ak
w3 gulg ZwAZY AP ALAAE @ Bast QolA el AP oleoresingl W3
7t Rode 7ldE s DMSOE A3t wall materiale &3jA17) ¥ HPLCHS &
gozm A ZwAZ £ g =& 1SHE sHY DMSO7} columng EFHAM &4
A PR capsaicind B9 FFEA BAE op7ldA @t olFE /X ok
DMSOs] £812 4 Q= o8& wall materiald 20l EAs71T d TRS BahA
# t}ksh core materialel BAld S84 4 & EAYPeR AAIH.
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RFEH YA AFARAY
of AMae vnF AFFAT 7tF R AZ F WA dojyr] o die=z

HARE, § 2@ 4Zo] vt 4EH A 2FFZH7HY B2 =7 Hu

RFY 2L F2 A5 Z2Egkgo] FAAoiAwt ARnkIo] FAWste FAA
HE Az7t @2 HJa2FY HF ndd 25:HY FL AxE "He AFY 45, 2
Bhg-& Atz Mo wlste Z EA7 HA et
Zt 2xoA A 70 BEg 3532839 carotenoids®) T™}EEES Figh-139 Y
itk A 13 33 Fo JEEL 45T olstolAE 80% oldez A} FoY 6
5C oldelME 35%°l3tz 43 Zaddth =8 A% 35F JY Fo IE&L 45T
A 761%E AFAFA2Y 65T olddlAe 179% olstE 43| ZasHh

23PN E 12F X AASGL AFx7] Az AFE ANme dx9 FHolg
L, a, b o) didte) Table 40 At en L, a 2 bel W¥stel st @zt Fig5-14-q,
Fig5-14-b R Fig5-14-col Jetliich. A% 2% 5ColM = Late] st vinlsiod &
At ov 2x7F gobdo wet 45T 7AAE AEFHe2 FFAL 65T ojde 2
AE L-Lot 15%d HnsA 169 §4F zolg vetvel d=7 A Frstdg
(Figh-14-a). AN =E el a9 ¥tz Lo w®3e o vl&ddnh F A% &
E 5ColAME a &9 ¥3E wf HoM ¢AAoY %71 Fobd M} 45T 7R =
A&Hog ZasIL 6T o L2AAE a—act 1FUA HuFA 1622 $H3)
Zasted f4A HAE7E 2A Faste FE RAFJUA(Fighs-14-b). 3LF oleoresine
L, a Bt bol Wgst M ZA YEY 65T ol 2EdA] 3539 AFeg -309]
el S48 W3E BRAFYH(Fig5-14-0).

DELYLANLS  12F F o8] 2xdA AHAST L, a bel ulg Mxwslz
Fig5-39 Yehdith. 45C ool HAdNE x719 HE(Lo)el ®lstel L-Lodl ol
12 o)de] & W7t AUT ANMEE JEhE a-ack® GA 2L FFEo2Z FLIATH
kA olejdt Mxe) FAY WEE Fukste A5 AVIARZAE HLA
YgAolet Aot 'b'e] BAEE X7 ST/ we} REFe] Ha AR en 66C o
ol o 40 o 2 ¥Fs BAFIU

oz 2xA AA7IZHE 2 1F gy AEWUB(L, a, b)E ZF2EUY

©¥
219} carotencid® & &0 Wl Figs-16 o] JERNATE Carotenoid®) 7] &=

TR
a

l'l['

>

(]
W
o
K

)ja
O

X2
rlr

H

E o
(4]

r l
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100%2 P8-S o 2718 70%2 7237|172 A WEst g FHFR2H o
o] carotenoid®] FE&o] wWE oleoresin® L-Lo, a~ao, b-bo® HE7I&7IE &
-15454, 18181, 3.1818°]1t}. E¥F carotenoid o] 70% O]fﬂ'il ZasW o o}y L,
a, bel Mz W3zt yeludz 4steh. carotenoid®] WE&e] W& oleoresin® L-Lo,
a-20, b-bod] FF71E&71E 42 -0.0212, 0.232, 04292 b}t

Zt 5o A A g R3] capsaicinoidd FELE Figh-1791 1
et ztzte] AFLEA capsaicinoidel AlZtA el wE FEEL carotenoidd] 2
sio} v Wate] RS o )¢ Zold mEF LU AN wE st MA B ufg ¢
A A% 6% A F9 capsaicinoid FFL 45CeldolME 271FFA vl
75% olae BELL R AP LT 86T R 105ToAAE BEEC] 747 455% R
17.4% % T

5. olAA&std 152 AA carotenoid®] AL

az=u 74 A8 B9 (gum arabic : modified starch= 50:50, w/w)s} LF&d A
©] carotenoid®] 43} ¢+FAAE Hl WS

7+ exold Ao WwE mEujAPE B total carotenoids® #EEE Fig. 18% 2
. AR 63 A8 Fo FELL 45T olFAAME 71.0% olFe2 554%2] FSHUL
A7 prh AAsigon 85T P 105CoME 207%9 257%9 TEEE B 79%%
33%9 nF2HLAR 2ok AASA YERRT

7+ exdA AnAFN mE RFuAHEB (gum arabicmodified starch= 500 50,
w/w)el surface carotenoids® FE&E& Figh5-199] YetH Aot Surface carotenoid=
zogoda F ul$ v W AL BAFo2HN Fighs-189) UeHAY AR E
9 total carotencid®] LHAAE HlAHE WEo EAsts Lz carotenoide] 3}
7t Aol Axz AU

Z‘ln_
82 AHBANFig5-20-a,b,c). €5 5CANE Lake] Wzt A9 glo] wi¢
RGO ARLEE & w 45CTE 7AE SustA Lgkel Fsstanh. 23y
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Pxe WH3E 29 4 AU 65T oo n2AAME L-Loe 37l Hus3 10
7R SR8 FEstd(Fig5-20-a) 1F&d ¥ o] 15 1672 A5 (Figh-14-a)F
A ulg] wi$ Aol HA3A Jebgh 105TaA e A AF 655 vjAfEe] &
32 Z7kstd L gto]l 2318 ZAasdty]l AlRstdd. of 842 modified starch(100%)&
wall material2 A8 LFEUHQE CAAE oS oA detsten AdAe A Zo]
A>B>CQ #£2o2 e} wall material®] gum arabic®] Al-g§ o] F7184+2 g3l o3
ZAEol aA ety AMEE YeEUE ag HE nFge e vt o <t
datgith &, 45CAMN 125 $U49 ABoz A -649 F2E RolA 4HCo)e] A
2504 o AAFA UEFR O (Figh-20-b), 113 oleoresin®] 25ColA 65F Aoz
-59] AT WMEE HAFOD2(Figh-14-b) IF YU vlsle] B8l ovj$
de ARG nFUAREL 66T ol RL2AME IF oleoresinol] ®lste] &t

3] gAasdch £ nFEZHHAL  b-bo7t Hd -309] & ZAE JERUO] yellow

3

AA
colord FZA% Z2E YA T ZHujARE B2 85T vweA B3 -29 #a
2 YW JTHFig5-20-c). °1 A2 2 oleoresin®] 49 Ao v HEss A 71938
2 wojFT

230478 €22 B(gum: modified starch= 50:50, w/w)& 125 A& F o8 L%
A B MxgeE SAFNANFighs-21). %7t F7Hgel wE ¥ie ARen A
LE7t BoldSFE L, a by Zzhdse Eo] AXE A¥E Bt nFeYoe
oa] ol Ae b-bod] WEFL 85ColstAM -2AEE oS A Ueidon oM
o] A% b Ro= Ly} a9 o] mE2 oA MAaasle) udt & 2 ErH HYL)

n3v 473 &% B(gum: modified starch= 50:50, w/w)& o8 24 12F &< A
A8k Fof| total oleoresing #&3l% HL8 o 2235 A9 73 oleoresing AT W
32 Fig5-229 Jebioh

aZEu A HEE D Blgum: modified starch= 50: 50, w/w)S 98 2=dM 125 A3
%o Surface oleoresin® A% W3lE Hunter scaled] 213 L, a @ bto = Z=Asbod x
7 AAHQAL W 29 Lo, ao, 2L bo9l ol VEMNUTHFig5-23), A M= st
£t 2z sl oo} .T_'—"Fd]eoresini} oo ul&d X9 Wi FAMFigs-15)E HAEO

2 Figh-1891A &A% vAz<9 total carotenoid®] AA4L mlAfestz A% W
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oleoresin®] M= W37t HolW Az FIHUGT

220 EAE B surface oleoresin® MEWE L nFwAgds &8 15E
#] 9 ¥ 2 (total oleoresin)®] ME(L, a, b) W3E vlAFRE2 total carotenoid®] ZFE &9
st Uehi Qo Fig5-24-ab,c). & 21PN HXe] Z A&9 total carotencid?] FHE
& 03 E9 oleoresin® L. a, be] W3t total oleoresin® L, a, b & ¥s}el) ul3ted
3 )

23.?‘5} M3le BoFo] njAAE W 13 oleoresine] EERT M=o AT A
o2 ZAHUL,

7. A B&s8 25229 capsaicinoid LB

120 M7< B(gum: modified starch= 50:50, w/w)ollA &€ d2U3 F9 total
capsaicinoid ¢ HEES Fig5-259] Uehhdch. A% 6F AW Fo FIEEL 65C °
st M= 77.2% o)Az ¢tAstPgen 8T 2 105TAM<T 66.7% 2 56.8%9] EES
B oleoresin BT m2olA Auez AT iLF oleoresin® A= AF
ot Aol HlEag et 85T 105CAAM B3 40%9 3% FELES YEhdo AR E
3z pedAeY dFAgol A FREHUHFig5s-5).

7} exojA AFo] e mZFujA7E B(gum: modified starch= 50:50, w/w)el &€
surface oleoresin® capsaicinoids® R&& & Fig5-26% 2t Surface capsaicinoide it
zew oAt v)$ blLg W FAL HoZFozH nFvMFYE2] total capsaicinoid
o] AL nANE WRY LUy APAe] I ojF2 A4HIAD

8. Wall material 24< 2@ n53uAR& A8 AAA

T3 Oleoresin capsicume FPlAR€dstT 328 253282809  capsaicinoids R
carotenoids o &% W3t} AL WE ZAFo RN AA(FYE HuUT. IFE
godRd wAEe wall material (gum arabicmodified starch)&  100:0(w/w),
50:50(w/w), 0:100(w/w)e] A 7kxl zAHez gelstd Zh Mg A, B, CE AxsAh
Wall FREAL g2ld o AAes] $EL 5% WIA2n, surface oild] FH(%)
total 0il®) TE(mg%)e ABAS AL 1.02%, 7158mg%eolRem AMEBS 75 1.90%,
5725mg%, 1281 Al8Ce 7% 1.26%, 704.5mg¥%= B A=Y HTable5-5). 1Fv A&
X8 A, B, Co Hunter color valueZ Table5-6°1 YEFH AT
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Zt ALxd we % A8 M= W3HL-Lo, a-ao, b-bo)E Figb-27-abc R
Table5-79 Yetddth. nFEHe#d vAEL 45Tolss] AALEANA uF
oleoresin®] L-Lo % a-ao®] ®¥3}Fo] uf§- 2gkon] b-boe 65T o9 A2AXE A
o W37t gl Aoz #YHAN

YA7I1T ANEE AZSE Fo 2FuAAE2ZREH Y8 E &332 P& total
oleoresin®] Hunter scaledl 2% L, a ¥ batS &A1 Z7|3 (Lo, ao, bo)T} 9] Aol&
Table5-8°) A= st o L, a 2 batel ¥MEE nFv <9 total carotenoid &
&o i3t et AHFig5-28~a,b,c).

Total carotenoid Z&E&e] dlste] L, a 2 bgtel ¥sE 71€712 ved & gloy A
2 B7F &% -0032, 0294, 007124 7b¢ @03 AstEe BAFo|M carotenoids T
wgle] Mo W7t 7Hg 4 UZeAY AE AE L, a, b ol tisldq A& B Boe %
ZH & WEE HojAwt Wlxg 71€718 yvEeldo] Mxo Wl & zelrt AU A4
A%& wall material2 AHEE nFUAHe CE A, B H&e L-Lo &9 F71%e] 2
A Vel AP A ETS wall materialZ AlE3tE e Mo HE uigAsla] oksk
tH(Table5-9). 150 AP EAIR BollAl &3 surface oleoresin® M= WL, a, D&
total carotenoid®] T¥E &) didtd YelA3 L-Lo, a-ao, b-bo2 71&71& Ztzt -0.236,
0.327, 0.3822 UEISTHFighs-9)(Table5-9). olRAL 15 LHZY 7|&717 o] $ v

523} gholt}, Table5-9° Figb-4¢F Fig5-14,152) A=E sttt nFrAM€ BE
L-Lo, a—ao, b-bo9] ®stFo] 71 A JeElYA  gum} modified starch?b 50:50(w/w)
o2 %€ wall materialo] MEo Wzle) 7} AT Aoz FAHJUTH

| Al73&5te % oleoresin® capsaicinoid 2 carotenoid®] I3 E 13k wHgo] upgtch
w2} A capsaicinoid 2 carotenoid®} I3 E 1AM A ez g o] YeE 5 o,

dC/dt=-kC
InC=InCo-kt

714 Cox t=0¥ e carotenoid? ¥ &, C& t Al F9 Fxolg. X3

capsaicinoid 2 carotenoid®] 3o tiF 2% oFEAL Arrhenius 2o wEc}h k=A
exp(-Ea/RT) 94714 k¥ #% % capsaicinoid % carotenoid®l 33 & A4, A ¥l
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£9lx}, Eax @AgodA, R 7lAdFelxn T Aot

Table5-109) 1%0lA7%€ A, B, C8 AA7)Zbel w& total capsaicinoid®] ZFE&& Y
Bl T total capsaicinoid ol it AAt"l A& E Aot Wz (half life)E 2 ¥1A
&S} n32dLd A datd HadHt. AR A B C Fd A8 B M =
e AR pRon AEBY AS M FAE AFAESTAN 462F)& EAFAS.
65C, 85C2 ®& 2xoX AFdHe we Brle ZF 3655, 23952 FAHUT
122898 A2 capsaicinoids #Z7]E 45T 65T, 85TA zvz} 33, 19.3F, 1225
24 122y 8xe capsaicinoids AHAE w$ Fo ¢ATtn FAHReH 4 2=
MM 7FEAA 13F(14-32u))9 AFAol mAREEE At o TSR

Table5-120) nZ=ul7<E A8 A, B, CY total carotenoide] A3 7]3tel] e JIEE
UEW QT Table 139) total carotenoidsl]l thate] A€ stal&x 49t wz7](half life)
2 7} v qAEAREH oleoresinel] 3] Blmat Atk nF e L@ carotenoide] W
271= 45T 65C, 8TAM &z 124F, 415, 81FEA capsaicinoidell ®lste] =i-$- &
o uzse RaFoh nEuAREAR A, B, C 3o nFvAfeAE C7F M ¥
e AAPS ngon nEnHAEAZ Bl A 45T, 65T, BT AAHAES @
Bl 7)e zhzh 2775, 92F 2 79%F 8 &4 w 5~15F(2.2-254)9 o9 FHE
JEIAQR AFLT7t F7hE wet wizrle FAadst & FHAS.

o

9. A=t nEEANE] AFAPYe) PiAE 9T

nAAEAE A B, Co S2E55IA(WSDES YA tHFig5-29). Al 7kA] A& EF
7b 011 2 0329 8 FASAwWIA 2 FA W glo] ¢AsRenz aFuAdE
A2 BE 25T, 35C, 45C9 €XdA ztz 11%, 32%2 F&8& KR8 35 F<F 29
AAst AAEE7} o AAEe] ABAAA nE J&FE 25T, 35C 283 45CAA
Hrrs g, Ad4s $E7 524 total capsaicinoids 2 surface capsaicinoids®] %
o] @A BARYoU FAe Afen 3F% AFeze 2 AFE Hs7 oH
4 tH(Table5-4). 221} carotenoid ¥+l WatE Fea W37l BAHJL 125 AR
zo oA Ase] M WS WY A AdHez 011 Bohe 0329 & FEENE
A L 2 as Wyt 2A JelRtHFig5-30-g,b). °1AF S5 ME ¥z} £ A
T 237sm Lo vatd Wsigo] wbgEZ el g A% @ste] A A
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oz AU

S

10. Core®} wall material®] v && 23 vAfa A

Gum arabic® ¥AHEY vl &S 5050(w/w)e2 4 wall materialS A3 S o
core®} wall material®] AH&B]&& 892(w/w), 10:90(w/w), 12:88(w/w)e] Al 7tA =2 &g
sl Z+zt A2 D, E, F& AZ3Io. 2 Fv Q€ &, surface oil® &3, total oil
o e NaDe A5 47 567%, 0.25%, 794.2mg%ola Als E9 7% 3.00%, 0.38%,
986.4mg%, A& F9 A% 215%, 1.01%, 1162.mg% A5 QAN (Table.5-15). wetA
Wall material®] Al&FE Z7FANZAFE surface oleoresin® ¥ Z A3} 9AE
SR 7ttt 2EuAfEAE D, E, F9 Hunter color valueE Table5-16
VER LT

Table5-179) i5v|A78€ D, E, Fol HZ7|0d @2 total capsaxcmde HEES
eI Table 189 % capsaicinoid o] Waled AALE mfa&x Aot wbzb7)(half
life}g 24 2Fu7&A & D, E Fo 253&deedde diste nlusigdad. A& D, E,
F Zd A& D9 capsaicinoid7} 46ColA 408F2 7H} =2 AAAHL Hod 65T, 8
5C, 106C9 w& 2xdA AZsdS W wzries 42z 185, 165, 9572 U= A
nEgH e wrlE 45T 66T, 85C 2 105CAA 2+ 33%F, 1935, 1253 ¥
5524 1L Bt ZF AFLEAA 128X 1789 @FAA 1FHE) A

AAol vAfAEdE st Fotslgnh ol¥A AZAY FUEAIHIT aA ¥ AL 2
Z oleoresin®] A Ao 719 ?5‘}%:‘ Aog B
Table5-199) 3ol A784 A= D, E, F9 total carotencid®] AA7i7te)] g FHEFS

et 230 x8<€A 8 D, E F§ 65 ¢ AZSGAE W &571 F748d we
D<E<FY <292 carotenoids® ZE&&o] ZAade AL & F AUk oJRAS wall
material®] A& FAR2 nF AP Fard Aoz BAth Table5-20°
% carotenoidol Wate] A4E FH T 59} w77 (half life)E 2 vMBEAE D, E,
Fol ool thstd nmstdct nFgalede] wztrie 45T 65C, 85TolA
Z+zy 124%F, 415, 81F 2 A capsaicinoidoll B3t Zt AHF2Eo we} 25-25F9 xol
g ®o  wzsh elg @ AF 2y wE fA@EAE D, E, F9 total
carotenoid®] utZ71E 45TAME FA2Q Aol7h AMern 2 AY 2EdAME wall
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material®] A8-Fo] AdiHoz Ao Frt w7zt 7B @A deElwo. A18D9 B§- 4
5C, 65C, 8T % 105TNA HZsAS W wzrle 42 1265, 75, 715 2 71
F2 ZAHAoH, nAdEsE 65T 224 AZAH FHEAHAE & F N2
nEgY AN wztrld wlstd  18-25M9 W] FrEaHr dekoh g9
capsaicinoid®] A4 T &¥9) v o nF&Hd3 e vABedE carotenoid?]
AP FHEFAI o A Yegd.

230444 AE(D, E PSS 4 LEdN 6% § 25C, 45T, 66T, C 1932
105CoA AZstn BRAge BN E WsHL-Lo, a~ao, b-bo)& Table 219 YERISY
o}k 25ColA 65T &% WHoAE 25 2 AHA7|3Re] F71855 L-Lox 4453tdn
o7 &Al& D, Foll ®ldte} E7} 71 Ws}ao] Zola Alge] FA(FE) B3] 713
Ze Ao #UHY. A8 FE core®t wall material?] H|&©°] 12:88(w/w)2A wall
material 9] *}%%*01 7b¢ Mooz b3 Wzl FAALH 1o WIHAE HAFY
¢}, Wall material?] AH&Hl &0l £ B A& DE A& D, Fol ¥alyq & 283
o2 Qe o Mol WErt 23y A el 2L AAVIBAA AZLEE
RS 9 2ot A ulXe T wAso 85T oo E L-Lod gto] 237
Z Zo02 FA3PT )R 1222 A3 wall materialo] 3t Aoz HTh F
AMxo] Wil(a-ao)E RW 65T oldtoA mlHREAR EZF /M3 S ZA2XE YEIA
2o HAAE BE 7 FEgstA dEwen ALY EE 2xdA HA oAl
F7} 74 323 Az ¥ists BoFQnt 65T nigte] B2 Zd e b-boE AHE
W, A2 ES Fol vated A8 Dol @stgo) nujat 2 ez fAPALY HH7|3
7 2xo o] Az A JdEiwoer I AT B3 Hd 24 A5 Aol yeg
Aok 2y 85T F 105TolME Ao -11.97h2] W3t n2o o3 njAHEe &
3l7F Wshe & g48S 3 Aoz HAY.

A7) 2xAA 65 T UAAEES AZT Fo nFgAUIE FEn FEio
Hunter scaleol & L, a ¥ b&& FAs 2 AF 2719 FAHA(Lo, ao, B bo)%9] Aol

& Table5-229 Jebdiich B2Alge] A9 vprtAE 25TolA 65T &5 ¥

~

13

MeE 25 R AR F7EFE L-Loe 4<sdiir 15
Fol gt wxel wstedo] ztolA 7} AT AC=Z AGHUG. 13 vAHEAIR
Al Fe 7t dsrt 34s89en Huo AAE BTG, 22 AN A

A EAlE E7F AR D,
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55 29sd S 9 257 A uXe %2 B2 Asdge 28 66T E& 8Tl
27174 F7F3tAR 105ToAE L-Lod gtol ZAddxn 4 & 238 ETA=
B wi$ AA vehgd, 22RAEE 3&02 A9 wall materiale] €350l 2 FA
AEg B Aoz sy HY, dFFEANEE T FZE oleoresing M EW3E ¥ 33
23z FHAEr

HME o] Wsk(a-a0)E BE 65T olstalq Az D7t 7HE AL ZaAE veuiA 22
A B ANE & 7Y AFAD AEJ ER 8 AMdH iz o o)
BA A& D7} b3 AR dgrt bR HA Jdeld AL ddidez tE Asedg
wall material& 2°] %%%}E% Azd vAREAs D7F U5 oleoresin®] M= ¢ o
714 Aoz Bt HA Alg Fe A ZE 2=SdA dA 713 338 Adx9
Mg RS b #2 66T v AFZEAME -2 =2 ARV 259 o
ol A FA JEIRND 2% Algde dEHoz Ho -239 & WHE BAFC
olRAL BLAR7} yellownesse W3S JAgE IS sl Reg BAT nFujH
€A EDY F72 wall materiale] F¥O 2 85T o) LA thg Algo)] vlete 7}
F g ZAXE RAFAY g A24A R EXste nFgHlw e A
Ae 138 g= core o ¥t wall material®] AFEZFHS 10:90(w/w)e.2 3 A2 EV}
Ao BREJqE /M8 A ez B2 gy L3 ad Yxiole wf§ Agton
o] & St(capsaicinoids)®] ¢S Zol AT W nFulAHEAE D7t vtEASHA Bo)
™ gum arabic¥} WA A E H &S O50(W/W)°§ 3} core®t wall material®] A}£ 1]
$2 892w/w)E st Azs= o) AMoz wumULh
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Tale 1-1. Specification of enzymes

Multifect |Econase CEP| Rapidase |[Sumyzyme C
CL LIQ(+)
Type Cellulase Cellulase & Pectinase & | Cellulease &
Hemicellulase | Hemicellulase | Hemicellulase
PH 49~53 35~55 3.0~50 35~6.0
Temperature| 45~55 30~50 10~55 Ae~50
(T)
Dosage (%) | 0.01~0.20 0.005~0.02 0.01~0.02 0.07~0.33
Price 40,000 90,000 45,000 90,000
(W/kg)
Maker GENENCOR| Primalco Gist-brocades dE
(Bd=) biotech Mgdx)
(F¥=)
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Table 1-2. RSM design of gariic oleoresin.

# Code Al

X1 X2 FENMZ2H| OisY 2Y Ethanol

EAZY | (20 (hr) @ (ml)
1 1. 1 8 72.8 727
2 1 -1 8 114.4 686
3 1 1 4 728 727
4 1 -1 4 114.4 686
5 0 /2 6 68 732
6 0 /2 6 129.6 670
7 J2 0 8.828 88.8 711
8 -2 0 3.172 88.8 711
9 0 0 6 88.8 711
10 0 0 6 88.8 711
1M 0 0 6 88.8 711
12 0 0 6 88.8 711
13 0 0 6 88.8 711
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Table 1-3. Yield. color, and capsaicinoids contents of red pepper

extracts on using solvent.

x| 4800 | _ov 4% | &C
2z g T E .
N TEV O 229(%) P
95% EtOH 205 22.88 202,878 60,368.0
Hexane 1013 11.31 144,494 8,158.2
95% EtOH
245 27.34 985,500 63,656.5
—Hexane
Hexane 22,94 25,60 166,632 33,094.2
—95% EtOH ' ' 09 o
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Table 1-4.

RSM design of red pepper extracts.

# Code asxl
X1 X2 Yield Color value | Tot. Cap.
(B0HYl) | (FEA2H

1 1 1 26.72 380.2 4694
2 1 -1 19.5 363.1 4333
3 -1 1 18.88 326.5 3146
4 -1 -1 12.87 304.6 2439
5 0 J2 21.18 379.6 4573
6 0 -/ 2 11.34 274.9 1348
7 V2 0 22.3 370.4 4536
8 /2 0 15.41 310.6 2416
9 0 0 20.27 360.4 4317
10 0 0 20.77 354.1 4146
11 0 0 20.16 362 4197
12 0 0 20.06 368.4 4298
13 0 0 20 362.9 4350
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Tablel-5. Particle size and uniformity of garlic microcapsules

FE FAXA R P TdE
Atomizer speed FETEE (pm) (R60/R10)

(rpm) (C)
7,758 170 70.298 244
9,000 145 74.458 2.05
9,000 195 39.819 2.96
12,000 135 43.083 1.92
12,000 170 46.942 2.11
12,000 170 46.684 2.29
12,000 170 45.773 2.49
12,000 170 45.768 2.18
12,000 170 49.924 2.29
12,000 1205 63.485 2.47
15,000 145 57.722 2.32
15,000 195 31.972 2.00
16,242 170 38.541 2.04
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Table 1-6. Flowability and Floodibility of garlic microcapsules

Tdd FA=xA
384 £ 74 (Floodibility)
Atomizer speed FILE (Flowability)

(rpm) (C)

7,758 170 535 715
9,000 145 46.0 57.0
9,000 195 585 75.0
12,000 135 545 67.0
12,000 170 46.0 68.0
12,000 170 54.5 69.0
12,000 170 575 80.0
12,000 170 525 . 63.5
12,000 170 57.0 68.5
12,000 205 575 76.0
15,000 145 51.0 84.0
15,000 195 48.0 714
16,242 170 47.0 615
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Table. 1-7 Gas chromatograpy conditions

Conditions
Column HP-FFAP(2.5m x 0.2™ x 0.34")
Carrier Gas Nitrogen
Flow Rate 5™/min
Internal Standard EB(ethyl benzen)
Detector FID
Detector Temp. 200C
Injector Temp. 150T

Temperature
condition
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Table.1-8 RSM Design of spray drying conditions of garlic microcapsule.

& & 51No. Code = k=2 by

X1 X2 E53I2T Atomizer

(B5325%) (Atomizer (C) speed

speed) (rpm)

1 1 1 195 15,000
2 1 -1 195 9,000
3 -1 1 145 15,000

4 -1 -1 145 9,000
5 0 J2 170 .16,242
6 0 -/ 2 170 7,758
7 /2 0 205 12,000
8 -2 0 135 12,000
9 0 0 170 12,000
10 0 0 170 12,000
11 0 0 170 12,000
12 0 0 170 12,000
13 0 0 170 12,000

*x Coded level

X1 @ -/ 2(135), -1(145), 0(170), 1(195), v 2(205)
X2 : -/ 2(7,758), -1(9,000), 0(12,000), 1(15,000), v 2(16,242)
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Table 2-1. Operating conditions of GC of flavor compounds

Instrument Hewlett-Packard, model 6890 gas chromatograph
Column Ultra 2-fused silica capillary column
(25m X 020 mm ID. X 033 gzm)
Column temp. 35T (5 min) — 10C/min — 180T
Carrier gas Hydrogen at 1.0 mL/sec
Split ratio 1:50
Injection temperature 200°C
Detector temperature 250°C

Table 2-2. Coded level for independent variables used in developing experimental data

Coded level
Variable - unit
a -1 0 1 a
(-1.414) (1.414)

Inl

et temperature . 140 170 200 2124 30

)
Atom(lrfrrn)speed 10758 12000 15000 18000 19242 3000

Table 2-3. Standard formulation for the coacervation studies

« —Carrageenan : type A gelatin ratio 1:2
pblymer concentration 3% w/v
coacervation temperature 40T
coacervation initial pH 9.0
coacervation final pH 40

- 137 -



Table 2-4. Coded level for dependent variables used in developing experimental

data
Coded level
Variable 4 N
(-1.414) ! 0 1 (1.419)
pH 2.000 2366 3250 4134 4500
» _
Carrageenan/gelatin -\ 3781 105.00 172.19 200.00

ratio (%)

Table 2-5. Sampling conditions of static headspace autosampler

Instrument

Tekmar 7000 headspace autosampler

Tempering condition
Pressurization

Loop filling

Injection

Headspace loop temp.

37C (40 min)
30 sec

30 sec

30 sec

45C
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Table 2-6. Viscosity of the selected wall materials

%solids in water

Solution temperature

Viscosity of compounds (cp)

(T) . .
MDY MS? GAY
80 4 _ -
! 60 - - 109
40 105 115 115
25 115 125 125
80 - - 12.6
5 " 60 - 112 137
40 10.7 12.1 149
25 13.0 14.1 174
80 - 124 16.7
10 60 106 139 183
40 12.8 159 226
25 14.2 196 282
80 133 216 34.3
- 60 145 257 410
40 16.3 347 51.7
25 190 423 66.0
80 180 357 69.0
30 60 22.2 50.3 90.3
40 289 61.2 104.2
25 35.8 83.2 1414
80 252 746 100.6
0 60 326 105.0 160.0
40 482 132.8 2655
25 61.8 256.5 4445

PMaltodextrin.

2)Alkenylsuccinated modified starch.

) .
¥Gum arabic.

4)Vis,cosity of solution was too low to be measured.
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Table 2-7. Experimental data for particle size, total oil retention, surface oil

content and flavor release with different combination of inlet temperature

(X1) and atomizer speed (X2) for the RSM

Coded level of

independent variables

Experimental data

Particle Total oil Surface oil Flavor

No. X1 X2 size retention content release
(¢ m) (%) (mg/100g) (%)
1 ] 1 320 59.2 3.99 424
2 1 -1 334 60.0 3.90 3.21
3 -1 1 326 49.2 4.80 344
4 -1 -1 318 57.0 402 364
5 a 0 329 60.0 463 202
6 - 0 323 52.5 4.29 4.30
7 0 a 323 55.0 348 2.44
8 0 -a 319 55.0 3.48 193
9 0 0 328 58.2 3.15 2.14
10 0 0 329 62.5 3.28 2.21
11 0 0 334 62.5 3.02 221
12 0 0 334 54.2 342 1.83
13 0 0 324 62.5 3.24 2.34
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Table 2-8. Compositions and properties of single- and double-encapsulated

powders
Single- Double-
Total oil retention (%) 56.2 -
Surface oil content (mg/100g) 7.08 -
Coating amount (%) - 16.5
Moisture content (%) 1.0 1.8
Particle size mean (zm) 30.7 452
range (pzm) 152 ~435 067 ~ 944
Table 2-9. Canonical analysis of response surface
Factors Degrees of Sum of Mean Square F-ratio Prob>F
freedom square
pH 3 20.334 6.778 0.170 09127
Carrageenan/ 3 577.057 192.352 4831 0.0485
gelatin ratio (%)
Critical values
Factors
Coded Uncoded
pH -0.0707 3.16
Carrageenan/gelatin ratio 0.1544 11966
(%)
Predicted value at stationary point 80.71 %

- 141 -



Table 3-1. Characteristics of the emulsion containing various kinds of binary systems of

emulsifiers

Emulsifier composition Wall material Core maternial Emulsion
separated separated state

PGPR+SMS No Yes Not bad
SMS+SML Yes Yes Bad
PGPR+SML No No Good

Table 3-2. Coded levels for independent vanables in developing experimental data

Coded ' Coded Levels
Variables
Xi -1 0 +]
Xi Core material:wall material ratio{w/w) 3:7 5:5 7:3
X2 Temperature of dispersion fluid (TC) 5 15 25
X3 Concentration of emulsifier (w/w) 0.2 04 0.6
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Table 3-3. Central composite design consisting of 16 experiments for the study of three

experimental factors in coded units

Coded variables" Process variables”
Run no.

X1 X X3 X1 X X3
1 -1 -1 -1 3:7 5 02
2 +1 -1 -1 7:3 5 0.2
3 -1 +1 -1 3:7 25 0.2
4 +1 +1 -1 7:3 25 02
5 -1 -1 +1 3:7 5 06
6 +1 -1 +]1 7:3 5 06
7 -1 +1 +1 3:7 25 06
8 +1 +1 +1 7:3 25 0.6
9 -1 0 0 3:7 15 04
10 +1 0 7:3 15 0.4
11 0 -1 0 5:5 5 0.4
12 0 +1 0 5:5 25 0.4
13 0 0 -1 5:5 15 0.2
14 0 0 +1 5:5 15 0.6
15 0 0 0 5:5 15 04
16 0 0 0 5:5 15 04

Y X; : Core material:wall material ratio, %, X2 : Temperature of dispersion fluid, C, X3 :

Concentration of emulsifier, %
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Table 3-4. Response of independent

microencapsulation of DHA

variables

to

the

experimental for

the

Independent variables"

Dependent variables

Run no.

Yield of
microencapsulation(%)

O 00 N O U s W N =
|
—

b s
[\CI N ]

—
-8

— ot
wn w
S O O O O O -

16

o ~ 4

0

99.77
93.04
99.94
99.77
99.98
99.72
99.94
99.84
99.93
99.84
99.81
99.96
99.83
99.96
99.89
99.91

Y X, : Core material:wall material ratio, %, Xz : Temperature of dispersion fluid, C, X3 :

Concentration of emulsifier, %
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Table 3-5. Values of regression coefficients calculated for the degree of
microencapsulation of DHA A
Ind dent Signifi
n eF)en e:,l Coefficient t~value 1gnuficance
variables level(P)
Constant 100.138621 1770
Xy -0.735000 -1.945 <0.1
X2 0.713000 1.886
X3 0.709000 1.876
XiXy -0.372931 -0.507
XX 0.840000 1.988 <0.1
XoXo -0.372931 -0.507
X3X) 0.817500 1935
X3Xe -0.852500 -2.017 <0.1
X3X3 -0.362931 -0.493
R* 0.8046
F 2.745
Probability of F 0.1159

D X, : Core material : wall material ratio, %, X2 : Temperature of dispersion fluid, C, X3 :

Concentration of emulsifier, %

Table 3-6. Critical values from the canonical analysis of response surface based on the

coded data
Variables" Coded Uncoded
Xy -0.060879 -0.060879
X2 0.440079 0.440079
X3 0.391347 0.391347

Y X, : Core material:wall material ratio, %, Xz :

Concentration of emulsifier, %
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Table 3-7. Effect of scale up factor on the microencapsulation yield

Scale up factor

Scale up
(Lab scale — Large scale)

Microencapsulation
yield (%)

Amount of wall material
and core material

Total amount of emulsifiers

20g — 500¢g
x25

0lg — 25¢g

in emulsion X25 99.86
Amount of emulsion 20 g/200mL — 500 g/5L

in dispersion fluid X 25

Amount of wall material 20g — 1kg

and core material x50

Total amount of emulsifiers 0lg - 5¢g

. . 99.54
in emulsion X50

Amount of emulsion 20 g/200mL — 1 kg/10L

in dispersion fluid x50

Amount of wall material 20g — 15kg

and core material X75

Total amount of emulsifiers 0l1g — 75¢g

. . 99.72
in emulsion X75

Amount of emulsion 20 g/200mL — 15 kg/15L

in dispersion fluid X75

Amount of wall material 20g — 2kg

and core material X100

Total amount of emulsifiers 0lg — 10¢g

. . 9961
in emulsion X100

Amount of emulsion
in dispersion fluid

20 g/200mL — 2 kg/20L
X100
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Table 3-8. Comparison of microencapsulation yield between large scale processing and

semi-automatic processing

Product of microcapsule Micrioencapsulation yield (%)
By large scale processing 99.68+0.12
By semi-automatic processing 9779+ 1.47

- 147 -



Table 4-1. Characteristics of the emulsion containing various kinds of binary systems of

emulsifiers
Emulsifier composition Wall material Core material Emuision
separated separated state
PGPR+SMS No Yes Not bad
SMS+SML Yes Yes Bad
PGPR+SML No ' No Good

Table 4-2. Coded levels for independent variables in developing experimental data

Coded Coded Levels
Variables
X -1 0 +1
X, Core material:wall material ratio(w/w) 3:7 5:5 7:3
Xz Temperature of dispersion fluid (TC) 5 15
X3 Concentration of emulsifier (w/w) 02 0.4 0.6
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Table 4-3. Central composite design consisting of 16 experiments for the studv of three

experimental factors in coded units

Coded variables" Process variables”
Run no.

Xy Xa X3 X1 X X3
1 -1 -1 -1 3:7 5 02
2 +]1 -1 -1 7:3 5 0.2
3 -1 +1 -1 3:7 25 0.2
4 +] +1 -1 7:3 25 02
3 -1 -1 +1 3:17 5 0.6
6 +1 -1 +1 7:3 5 06
7 -1 +1 +1 3:7 25 0.6
8 +1 +1 +1 7:3 25 06
9 -1 0 0 3:17 15 04
10 +] 0 0 7:3 15 04
11 0 -1 0 5:5 5 04
12 0 +1 0 5:5 25 04
13 0 0 -1 5:5 15 0.2
14 0 0 +1 5:5 15 06
15 0 0 0 5:5 15 04
16 0 0 5:5 15 04

Y X : Core material:wall material ratio, %, X2 : Temperature of dispersion fluid, C, X3 :

Concentration of emulsifier, %
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Table 4-4. Response of independent variables to the experimental for the
microencapsulation of DHA
Independent variables” Dependent variables
Run no. -
X X2 Xs microen?a%lgu?aftion( %)
1 -1 -1 -1 99.77
2 1 -1 -1 93.04
3 -1 1 -1 99.94
4 1 1 -1 99.77
5 -1 -1 1 99.98
6 1 -1 1 99.72
7 -1 1 1 99.94
8 1 1 1 99.84
9 -1 0 0 99.93
10 1 0 0 99.84
11 0 -1 0 99.81
12 0 1 0 99.96
13 0 0 -1 99.83
14 0 0 1 99.96
15 0 0 0 99.89
16 0 0 0 99.91

P X, : Core material:wall material ratio, %, X2 : Temperature of dispersion fluid, C, X3 :

Concentration of emulsifier, %
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Table 4-5. Values of regression coefficients calculated for the degree of
microencapsulation of DHA
Independent Significance
Pen e:: Coefficient t-value e
variables level(P)
Constant 100.138621 177.0
Xi -0.735000 -1.945 <0.1
X 0.713000 1.886
X3 0.709000 1.876
XiXa -0.372931 -0.507
XX 0.840000 1.988 <0.1
XoXo -0.372931 -0.507
XXy 0.817500 1.935
X3X2 -0.852500 -2.017 <0.1
X3Xs -0.362931 -0.493
R* 0.8046
F 2.745
Probability of F 0.1159

D %, : Core material : wall material ratio, %, X2 : Temperature of dispersion fluid, T, Xs :

Concentration of emulsifier, %

Table 4-6. Critical values from the canonical analysis of response surface based on the

coded data
Variables" Coded Uncoded
Xi -0.060879 -0.060879
X2 0.440079 0.440079
X3 0.391347 0.391347

1

Xi : Core material:wall material ratio, %, Xe :

Concentration of emulsifier, %

Temperature of dispersion fluid, T, X3 :
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Table 4-7. Effect of scale up factor on the microencapsulation yield

Scale up factor

Scale up
(Lab scale — Large scale)

Microencapsulation
yield (%)

Amount of wall material 200g — 500¢g

and core material X25

Total amount of emulsifiers 0lg — 25¢

. . 99.86
in emulsion X 25

Amount of emuision 20 g/200mL — 500 g/5L

in dispersion fluid X25

Amount of wall material 20g — 1kg

and core material x50

Total amount of emulsifiers 0lg — 5¢g

. . 99.54
in emulsion x50

Amount of emulsion 20 g/200mL — 1 kg/10L

in dispersion fluid X50

Amount of wall material 20g — 15 kg

and core material X75

Total amount of emulsifiers 0lg — 75¢g

. . 99.72
in emulsion X75

Amount of emulsion 20 g/200mL — 15 kg/15L

in dispersion fluid X75

Amount of wall material 20g — 2kg

and core material X100

Total amount of emulsifiers 0lg — 10g 99.61

in emulsion

Amount of emulsion
in dispersion fluid

x 100

20 g/200mL — 2 kg/20L
X 100
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Table 4-8. Comparison of microencapsulation yield between large scale processing and

semi-automatic processing

Product of microcapsule Micrioencapsulation yield (%)
By large scale processing 99.68+0.12
By semi-automatic processing 9779+ 1.47
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Table 5-1. HPLC condition for the analysis of capsaicinoids.

Instrument Model @ Shimadzu LC - 10AD
Injecter : System Controller SCL - 10A
Detecter : UV - Vis (SPD - 10A)
Intergrator : C ~ R7A (Cotati, California RHEDOYRE)
Colum Oven : CTO - 10A

Column #Bondapak C18 125A 10m(Waters) 3.9x300nm
Mobil phase Methanol : Water ( 70 : 30 )

Flow rate 1.0ml/min

Injector 2018

Detecter UV 281nm

ATTEN 5

Chart Speed 3.0

Table.5-2. The composition of red pepper oleoresin microcapsule

composition content(%)
Moisture 5.44
crude protein 0.42
surface oil 0.09
carbohydrate + inner oleoresin 94.05
Total oil ¥ 8.7

a) the difference of one hundred percent minus sum of the other component

The concentratiion of total oil was determined by HPLC as 727%+225 mg%
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Table.5-3. Trials for soilubilizing waii matenals of red pepper oleoresin microcapsule

miscibility Solubility of
Solvents Ao | B.P(TC) with miceocapsule of red

DMSO? pepper oleoresin®
Acetone - 56.29 M dispersed
Acetonitrile 0.005 81.6 M attached to wall
Chloroform 0.005 61.15 M attached to wall
Methanol 0.005 64.7 M dispersed
Ethyl acetate 0.050 7711 M formation of droplet
HCI - - M solubilized
Hexane 0.005 68.7 ] formation of droplet
Isopropanol (propanol-2) 0.003 82.26 M dispersed
Pentane 0.005 36.07 | dispersed
Petroleum ether 0.005 30-60 ] formation of droplet
sec-butanol(isobutyl alc) 0.03 107.7 M dispersed
n-propy! alcohol 0.005 97.2 M dispersed
Acetic acid - - M dispersed
1-butanol 0.007 74.12 M dispersed
ethyl alcohol - - M dispersed
Diethyl ether 0.005 7412 M dispersed
DMSO 0.300 189 M solubilized

a. Miscibility test was coducted by mixing 2 ML DMSO with each solvent to be tested
M.: Miscible with DMSO I Immiscible with DMSO.

b. 20mg microcapsule was mixed with a 50ml testing solvent, then shaking for 2hr.
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Table5-4. Variation of the colorimetry parameter “L”, "a”" and “b” of red pepper

oleoresin.”
Hunter's Storage Storage time(weeks)

color value temp(C) 3 6 9 12
25 0.45 1.00 2.66 4.81

45 5.41 7.31 8.86 12.09

L-Lo 65 13.81 15.15 14.41 15.08

85 13.85 14.25 15.71 16.79

105 16.31 17.50 17.05 16.90

25 -2.54 -5.02 6.43 -8.84

45 -9.57 -12.94 -15.07 -17.70

a-ao 65 -18.26 -18.15 -18.00 -16.40

85 -17.72 -17.45 -16.52 -16.00

105 -16.11 -16.23 -16.02 -15.80

25 -0.93 -2.38 -1.79 -2.47

45 -4.78 -8.81 -11.90 -21.20

b-bo 65 -28.02 -32.09 -32.02 -37.60

85 -31.67 -33.48 -38.16 -39.60

105 -39.53 -40.11 -40.07 -40.50

a) Oleoresin was stored at concentration of 1000ppm.

Table.5-5. Moisture, total oil and surface oil contents of microcapsule red pepper

oleoresin.
a . Surface oil Surface capsaicinoid Total Capsaicinoid
Sample” Moisture (%)
(%) : (mg%) (mg%)
A 5.38 1.02 97.8 715.8
B 4.53 1.90 144.9 572.5
C 4.00 1.26 118.1 704.5

a) A : Core 8%, Wall material
B : Core 8%, Wall material
C : Core 8%, Wall material

Gum arabic 100%
Gum arabic : Modified starch = 50%-: 50% (w/w) (1)
Modified starch 100%
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Table.5-6. Hunter's color value in microcapsules of red pepper oleoresin capsicum.

Hunter's color value™

Sample® Powder Liquid
L a ‘b L a b
A 48.00 29.63 27.25 83.69 10.17 45.92
B 50.11 28.87 27.72 83.78 8.78 43.73
C 51.42 29.32 28.89 80.51 8.74 42.53

a) A : Core 8%, Wall material = Gum arabic 100%

B : Core 8%, Wall material = Gum arabic : Modified starch = 50% :

C : Core 8%, Wall material = Modified starch 100%
b) L : Degree of lightness(white + 100<0 black)

a : Degree of redness(red + 10080 green)

b ' Degree of yellowness(yellow + 7080 blue)
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Table5~7. Variation of the colorimetry parameter “L”, "a” and b” during storage of red

pepper oleoresin microcapsule powder of different ratio of core and wall material.

Microcapsule® A 8 c
Hun:er's Storage Storage time(weeks) Storage time(weeks) Storage time(weeks)

z,:; em(C)l 3 6 o 12| 3 6 9 12| 3 6 o 12
25 0.76 135 246 269 | 049 0.87 163 184 | -002 130 241 2.57
45 1.61 293 474 552 | 146 238 505 644 | 212 350 530 6.54

L-lo 65 7.23 9.04 1077 11.03{ 7.10 940 1083 1164} 866 1070 1371 14.30
85 7.72 8.98 945 819 | 824 9.73 1030 908 | 10.25 1180 13.10 12.22
105 365 -390 -766 9.22 | 454 -12.00 -1540 -1590| 872 364 -009 -1.32
25 009 -070 -082 -1.07| 005 -040 -0.74 -0.88 002 -09 -112 -166
45 092 220 -372 -467 | -096 -230 -420 -535 -1.48 330 -512 -645

a-ao 65 -10.51 -15.00 -15.00 -17.40|-10.30 -13.00 -14.20 -17.00 | -11.60 -1500 -15.90 -18.70
85 -13.46 -16.00 -17.70 -19.80|-13.10 -16.00 -18.00 -20.10 | -15.10 -18.00 -20.6 -20.90
105 -20.07 -18.00 -18.00 -17.40(-29.80 -17.00 -17.40 -16.50 {-20.90 -20.00 -18.30 -17.70
25 038 -020 066 1.16 | 0.15 0.07 0.3% 0.72 | -0.02 0.00 0.81 0.84
45 0.49 0.67 125 143 | 0.68 0.38 1.07 1.02 0.38 0.11 073 0.86

b-bo 65 060 -040 -0.83 -0.23{| 008 -070 -1.20 -0.79 | -0.17 -1.10 -1.89 -1.64
85 -0.06 -070 -159 -075) -043 -150 -223 -139| -08 -1.70 -2.04 -1.39
105 -237 -560 -748 692 -237 -870 -1060 -935 | -198 -340 -3.80 -3.42

a) A : Core 8%, Wall material = Gum arabic 100%
B : Core 8%, Wall material = Gum arabic : Modified starch = 50% : 50% (w/w) (1)

C : Core 8%, Wall material
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Table.5-8. Variation of the colorimetry parameter “L”, “"a” and b” of extracted red pepper
oleoresin from microcapsule with different composition of wall material.

Microcapsule® A B c
Hunter's Storage Storage time(weeks) Storage time(weeks) Storage time(weeks)

\:),f; temp(T) | 3 6 9 12| 3 6 9 12| 3 6 9 12
25 3.54 154 527 486 | 279 155 365 227 | 606 4.18 745 743
45 3.34 293 554 598 | 527 3.74 578 6.31 6.55 553 852 998

L-Lo 65 7.21 8.12 9.04 821 9.12 926 10.07 9.15 | 1250 1167 13.22 1291
85 8.11 7.84 1111 10.17] 1007 9.62 969 1022|1220 1146 1436 13.58
105 9.04 816 826 878 {1093 823 827 771 |1265 1248 11.15 13.82
25 262 -142 423 -322| 059 -066 -1.40 -0.65 055 -216 -1.92 -043
45 -3.05 -350 481 -349j -3.28 -221 -3.60 -2.44 -2.11 -%.90 -3.86 -2.61

a-ao 65 727 -781 -801 -565| 630 -589 -642 -6.19 -6.08 620 -646 -4.03
85 -787 -760 -813 -873| 664 -6.94 -6.69 -7.22 661 623 673 -742
105 | -882 -8.35 -851 -861] -715 -7.31 -720 -7.36 | -7.41 -7.06 -6.72 -6.69
25 289 -145 672 -992| 039 -052 -079 452 | 159 -214 -0.76 -3.13
45 | 360 -473 -8.14 -10.77| 426 -245 -595 -11.55| -4.56 -4.91 -6.11 -9.04

b-bo 65 |-14.49 -19.99 -21.05 -24.55|-15.61 -17.38 -20.53 -20.27 |-17.63 -14.64 -20.19 -20.91
85 -19.27 -20.14 -26.32 -24.81|-19.65 -18.78 -23.04 -23.57|-15.74 -16.24 -22.77 -21.00
105 -24.93 -24.68 -21.43 -22.10| -24.54 -18.42 -18.25 -16.33{-22.44 -23.16 -22.65 -23.55

a) A : Core 8%, Wall material = Gum arabic 100%
B : Core 8%, Wall material = Gum arabic : Modified starch = 50% : 50% (w/w) (1)
C : Core 8%, Wall material = Modified starch 100%
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Table.5-9. Color deterioration rate of colorimetry parameters of various microcapsule

powder based on the relative retention of carotenoid of three microcapsules .

Incubation time(weeks)

a)
Sample Temperature(C) 3 P 9

45 90.3 81.3 70.5

65 87.7 70.2 55.1

A 85 72.9 67.0 473

105 58.8 51.6 41.7

45 90.0 814 77.8

B 65 87.8 77.2 67.8

85 81.1 66.7 57.1

105 60.0 56.8 41.5

45 84.4 81.4 73.1

c 65 79.7 70.6 61.6

85 70.7 63.0 47.7

105 52.8 50.4 35.1

45 84.5 75.0 75.2

. 65 777 60.8 60.8
Oleoresin

85 63.0 45.5 424

105 28.6 17.4 13.3

a) A : Core 8%, Wall material = Gum arabic 100%

B : Core 8%, Wall material = Gum arabic 50% : Modified starch 50%(1)
C : Core 8%, Wall material = Modified starch 100%

b) L : Degree of lightness{white + 1000 black)
a : Degree of redness(red + 10080 green)

b ! Degree of yellowness(yellow + 7080 blue)

Table.5-10. Relative retention of total capsaicinoids in red pepper oleoresin microcapsules

with different composition of wall materials.
Slope on the basis of percent

Sample® retention of carotenoids”
L-LO a-al b-b0
A -0.066 0.333 0.048
B -0.032 0.294 0.071
C -0.115 0.259 0.036
B(Surface) 0236 0.327 0.382
Olecresin -0.212 0.232 0.429

a) A : Core 8%, Wall material = Gum arabic 100%
B : Core 8%, Wall material = Gum arabic : Modified starch = 50%:50% (w/w)
C : Core 8%, Wall material = Modified starch 100%
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Table5-11. Arrhenius parameters(first order) and half life values for total capsaicinoids
in red pepper oleoresin microcapsules with different composition of wall materials.

S o Ea degradation rate(-1/week),k half life(weeks)
ample ’
(Kcal/mol) | 45C 65C 85T 105C | 45C 65C 85T 105T
A 4,31 0.015 0.026 0.029 0.048 | 46.2 267 239 144
B 413 0.015 0.019 0.020 0041 | 462 365 239 169
C 4,65 0.015 0.025 0.033 0.050 | 46.2 277 210 139
Oleoresin 6.96 0.021 0.036 0.057 0.127 [ 330 193 122 55

a) A : Core 8%, Wall material = Gum arabic 100%
B : Core 8%, Wall material = Gum arabic : Modified starch = 50% : 50%(w/w)
C : Core 8%, Wall material = Modified starch 100%

Table.5-12. Relative retention of total carotenoids in red pepper oleoresin microcapsules

with different composition of wall materials.

- Incubation time(weeks)

a,
Sample® Temperature(C) 3 % S 1
45 65.8 62.3 64 50.5
65 38.9 29.3 27.6 20.7
A 85 28.8 30.7 257 18.3
105 25.0 22.5 26.1 25.8
45 69.5 71.0 62.3 61.0
65 39.2 35.3 32.1 27.7
B 85 26.8 29.7 21.5 216
105 23.4 25.7 22.4 19.0
45 727 62.8 46.7 48 8
c 65 26.9 33.3 315 22.4
85 29.7 30.3 24.0 21.5
105 19.0 19.1 22.3 17.9
45 55.4 46.2 36.1 22.8
. 65 13.5 9.8 9.2 7A1
Oleoresin
85 10.5 7.9 5.1 4.9
105 3.0 3.3 3.3 2.9

a) A : Core 8%, Wall material = Gum arabic 100%
B : Core 8%, Wall material = Gum arabic : Modified starch = 5026:50% (w/w)
C : Core 8%, Wall material = Modified starch 100%
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Table.5-13. Arrhenius parameters(first order) and half life values for total carotenoids in
red pepper oleoresin microcapsules with different composition of wall materials.

’ Ea degradation rate(-1/week),k half life(weeks)
Sample®
(Kcal/moD | 45T 65C 8T 105C | 45C 65C 85C 105TC
A 2.09 0034 008 008 0108 | 204 82 78 6.4
B 2.64 0025 0075 008 0098 | 277 9.2 79 71
C 2.37 0034 008 0080 0.120 | 204 81 8.7 58
Oleoresin 278 005%6 0168 0.184 0.247 124 41 3.8 28

a) A : Core 8%, Wall material = Gum arabic 100% .
B : Core 8%, Wall material = Gum arabic : Modified starch = 50% : 50%(w/w)
C : Core 8%, Wall material = Modified starch 100%

Table.5-14. Effect of relative humidity on total capsaicinoids and carotenoids content of

encapsulated red pepper oleoresin in gum and modified starch mixture(50:50, w/w) after

Relative Total Relative retention Total Relative retention
Temp(C) humidity Capsaicinoids of total Carotenoids of total
(mg%) Capsaicinoids(%) (OD454nm) Carotenoids(%)

1% 563.4+24.8 98.5 0.64 87.2
25T

32% 547.4+30.0 95.7 0.63 85.6

11% 529.7+12.8 926 0.55 74.9
35T

32% 5148+ 29 90 0.50 68.5

11% 520.5+24.4 91 0.54 74.0
45C

32% 513.7+17.7 89.8 0.48 66.2

three week storage.
* QOriginal content : Total capsaicinoids (572.5%13.7) mg%
Carotenoids OD454nm=0.73
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Table.5-15. Moisture, total oil and surface oil contents of encapsulated red pepper

oleoresin for studying effect of carrier level

Sample”  Moisture (%) Surf(iz;a oil Surface( r":;:op;")s)aicinc>id Total f;g:icinoid
D 5.67 0.25 265 7942
E 3.00 0.38 50.6 986.4
F 2.15 1.01 156.2 1162.5

a) D : Core 8%, Wall material = Gum arabic
E : Core 10%, Wall material = Gum arabic
F : Core 12%, Wall material = Gum arabic

: Modified starch = 50%:50% (w/w) (2)
: Modified starch = 50%:50% (w/w)
¢ Modified starch = 50%:50% (w/w)

Table.5-16. Hunter’'s color value in microcapsules of Oleoresin Capsicum.

Hunter's color value®

Sample® Powder Liquid
L a b L a b
D . 49.87 28.44 28.44 85.79 7.37 44 .49
E 49.45 29.26 28.23 84.13 9.65 47.81
F 49.37 29.90 28.23 82.19 12.68 49.63
a) D : Core 8%, Wall material = Gum arabic : Modified starch = 50%:50% (w/w) (2)

E : Core 10%, Wall material = Gum arabic

F : Core 12%, Wall material = Gum arabic
b) L : Degree of lightness{white + 100«0 black)

a : Degree of redness(red + 10080 green)

b ! Degree of yellowness(yellow + 7080 blue)
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Table.5-17. Relative retention of total capsaicinoids in red pepper oleoresin microcapsules
with different combination of carrier level

Incubation time(weeks)

a)
Sample Temperature(C) > e p
45 92.5 87.5 78.8
b 65 89.0 82.4 59.1
85 84.2 71.1 52.8
105 55.4 53.5 35.3
45 83.4 85.2 74.2
£ 65 816 84.1 61.7
85 79.9 73.2 47.7
105 59.9 50.9 34.7
45 95.5 89.7 70.7
F 65 93.0 81.8 58.0
85 87.8 70.6 49.7
105 65.6 49.8 41.0
45 86.4 81.7 75.0
. 65 775 77.0 60.8
Oleoresin
85 69.3 58.8 45.5
105 39.9 23.9 17.4
a) D : Core : Wall material = 8 92
E : Core : Wall material = 10 : 90
F : Core : Wall material = 12 : 88

* The composition of wall material was gum arabic and modified starch (50 : 50, w/w)

Table.5-18. Arrhenius parameters(first order) and half life values for total capsaicinoids

in red pepper oleoresin microcapsules with different combination of carrier level

, Ea degradation rate(-1/week),k half life(weeks)
Sample®
(Kcal/mol) | 45C 65C 85C 105C | 45C 65C 85C 105C
D 5.55 0.017 0.038 0.046 0.075 | 40.8 18.2 15.1 9.2
E 5.05 0.022 0.035 0.054 0077 | 315 198 128 9.6
F 2.70 0.025 0.039 0051 0065 | 277 17.8 136 107
Oleoresin 6.96 0.021 0.036 0.057 0.127 33.0 193 122 55
a) D : Core : Wall material = & 92
E : Core : Wall material = 10 : 90
F ! Core : Wall material = 12 : 83

* The composition of wall material was gum arabic and modified starch (50 : 50, w/w)
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Table.5-19. Relative retention of total carotenoids in red pepper oleoresin microcapsules
with different combination of carrier level

Incubation time(weeks)

Sample Temperature( T) 2 2 6
45 60.6 51.2 46.5
65 59.1 . 496 27.5
P 85 373 39.4 26.2
105 36.3 38.8 25.8
45 78.1 741 48.1
£ 65 552 471 28
85 43.2 43.2 25
105 32.2 35.6 23.9
45 66.9 61.6 46.1
65 50.0 39.6 26.5
F 85 35.6 324 221
105 26.0 259 18.4
45 76.1 56.1 46.2
Oteoresin 65 17.9 114 9.8
85 10.3 10.4 7.9
105 4.6 3.3 3.3

a) D : Core : Wall material = 8 92
E : Core : Wall material = 10 : 90
F : Core : Wall material = 12 : 88
* The composition of wall material was gum arabic and modified starch (50 : 50, w/w)

Table.5-20. Arrhenius parameters(first order) and half life values for total carotenoids in

red pepper oleoresin microcapsules with different combination of carrier level

S ) Ea degradation rate(-1/week)k half life(weeks)
ample®
(Kcal/mol) | 45C 65C 85C 105C | 45C 65C 8T 105C
D 2.15 0.055 0093 0.097 0098 | 126 75 7.1 7.1
E - 257 0.053 0092 0010 0104 13.1 75 6.9 6.7
F 3.01 0056 0.096 0109 0.123 124 7.2 6.4 5.6
Oleoresin 2.78 005 0168 0.184 0247 | 124 41 38 238

a) A : Core 8%, Wall material = Gum arabic : Modified starch = 50%:50%(w/w)
B : Core 10%, Wall material = Gum arabic : Modified starch = 50%:50%(w/w)
C : Core 12%, Wall material = Gum arabic : Modified starch = 50%:50%(w/w)
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Table.5-21. Variation of the colorimetry parameter “L", "a” and b” during storage of red
pepper oleoresin microcapsule powder with different combination of carrier level.

Microcapsule® D E F
Hunlter’ s Storage Storage time(weeks) | Storage time(weeks) | Storage time(weeks)
::13; temp(T) | 2 4 6 2 4 6 2 4 6
25 253 524 7.02 133 349 5.09 182 4.26 5.53
45 503 848 1003 | 181 476 6.49 3.17 5.50 6.97
L-Lo 65 6.74 7.10 7.01 473 6.17 6.51 6.05 797 8.57
85 451 3.89 3.01 437 482 3.77 697 6.88 5.30
105 -8.66 -13.00 -16.30 | -540 -6.20 -10.00| -0.70 -1.70 -9.90
25 -154 -318 -516 | -090 -190 -3.70 | -1.10 -1.90 -4.10
45 494 -849 -1140] -250 -438 -860 | 400 -560 -9.10
a-ao 65 -12.01 -1524 -17.80 | -9.10 -14.00 -17.00 |-11.00 -15.00 -19.00
85 -15.96 -16.42 -18.50 [-17.00 -17.00 ;19.00 -17.00 -18.00 -20.00
105 -18.70 -17.14 -18.50 |-19.00 -18.00 -19.00 |-21.00 -19.00 -20.00
25 0.80 1.98 243 0.53 1.50 1.97 0.83 1.83 2.28
45 0.79 1.28 1.21 0.46 1.03 0.95 0.76 1.17 1.10
b-bo 65 -080 -283 -339 | -040 -210 -3.00 [ -070 -1.90 -2.80
85 -349 421 452 | -330 -390 -440 | -270 -380 -4.30
105 -8.38 -10.20 -1190| -740 -760 -9.00 | -6.20 -6.30 -7.00
a) D : Core : Wall material = 8: 92
E : Core : Wall material = 10 : 90
F : Core : Wall material = 12 : 88

* The composition of wall material was gum arabic and modified starch (50 : 50, w/w)
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Table.5-22. Variation of the colorimetry parameter “L”, "a

", n

and b” of extracted red

pepper oleoresin microcapsule with different corubination of carrier level

Microcapsule® D E F
Hunters | Storage | Storage time(weeks) | Storage time(weeks) | Storage time(weeks)
color value| temp(C) 2 4 6 2 4 6 2 4 6
25 276 279 487 | 141 160 399 | 220 152 620
45 4.41 500 729 | 208 280 450 | 416 436 776
L-Lo 65 652 706 729 [ 430 483 620 | 655 758 9.06
85 496 682 776 | 529 694 757 | 805 827 1047
105 458 463 7.01 437 630 914 | 834 8.90 9;76
25 -1.85 -361 -420 |-160 -310 -470 |-190 -470. -7.10
45 -3.20 -457 460 | -250 -460 -580 | 450 -720 -8.40
a-ao 65 426 478 -510 | -510 -650 -6.30 | -800 -7.70 -9.10
85 -5.02 522 -510 |-710 -730 -6.80 |-990 -9.10 -9.60
105 -555 -5659 -380 |-790 -780 -7.70 |-11.00 -9.10 -9.60
25 -360 -800 -10.00|-270 480 -8.30 |-1.30 -5.00 -8.50
45 -7.70 -13.00 -18.00{ -4.60 -8.10 -13.00{ 430 -890 -14.00
b-bo 65 -13.00 -20.00 -23.00 |-10.00 -16.00 -23.00 |-11.00 -18.00 -24.00
85 -17.00 -20.00 -24.00 |-17.00 -20.00 -26.00 |-17.00 -22.00 -27.00
105 -20.00 -20.00 -23.00 |-23.00 -24.00 -27.00 }-24.00 -26.00 -28.00
a) D : Core : Wall material = 8 92
E : Core : Wall material = 10 : 90
F : Core : Wall material = 12 : 88

* The composition of wall material was gum arabic and modified starch (50 :

- 167 -

50, w/w)



110

5
3
< 105 ¢
€
L
S
o . @
ke}
S 100
[72]
o
0
3
(o]
(7]
g
= 95 ¢
K
Q
o
90 2 Il
0 50 100 150
Time (min)
—©—ctrl —&— Multifect CL —&— Econase CEP

- Rapidase LIQ(+) ——Sumyzyme C

Fig.1—1 Changes of soluble solid contents of expressed
garlic juice according to treatment of enzymes Enz. Assay :
E/S ratio = 1%(w/w. dry basis), Temperature = 50°C

- 168 -~



e

O

Y

M AFAVAVA»AVA.K!LHV%L.”V‘V RO RN i |

]

/%r

2 BRI S | NN AVAVA)PAF&&&VFAV@&

A BN N

]

i,HHIIwHwL

o o [=] o o
~ © wn < [30]

(sdo) Ayo0osiA uaseddy

econase CEP rapidase liq (+) Sumyzyme C

multifect CL

ctrl

@180 min

B0 min

o
o
n
[
o 2
= 2
g O
> 8
Re)
e £
()]
D
w
29 -
S E®
[l
-g®
Oew
2N e
=05
8 e -
852
SE3
- ©
co¥
=T
g0
et
T co
—ig s
0P ®
» O
em&
3w
2=
Cn.m.%v
N ¢
IO
-0 .
oQ M
2w

= 3hrs

Time

50rpm

RV1(Brookfield), Speed =

Viscometry : Spindle No.

=42.1%x2.0C

Temperature

- 169 -



120000

100000
m
o
o
L>’. 80000 |
‘B
8
2 60000
>
5
5 40000 |
o
2. .
20000
0
ctrl Multifect CL Econase CEP  Rapidase  Sumyzyme C
lig(+)

Fig.1—3 Changes of apparent viscosity of concentrated garlic
juice(65Brix) according to treatment of enzymes

Enz. Assay : E/S ratio = 0.1%{w/w, dry basis), Temperature = 50C,
Time = 3hrs Viscometry : Spindle No. = RV5(Brookfield), Speed =
2.5rpm Temperature = 42.1+2.0T

- 170 -



-

0 2 wo S o
» | ia n ]
® ] x © ]
] a L
w) 1 ﬂ]
2 | " %
© | 2 o
» ] s n
3 3 2 ]
10 ] 3 0
o ) “lo o]
a0 £
™
Multifect CL Econase CEP

—)
LAR--2R- - 2E- 200008 % -

P

-

E¥WEBYIBEE

"
n

N
n

M
i

n
-

Rapidase liq(+) Sumyzyme C

Fig.1—4 Changes of particle size distribution of expressed garlic
juice according to treatment of enzymes

- 171 -




110.00

3 10500 }
S
P
E
[1})
£
[o]
(8]
o
= 100.00 {
(7]
o
L0
3
5
[72]
[1}]
2
s
&: 95.00 B
90.00 A .
0 50 100 150
Time (min)

—©—-30C —A—40C —8-50TC —o—60T

Fig.1—5. Effect of reaction temperature on soluble solid contents of
expressed garlic juice treated with Rapidase liq(+) Enz. Assay : E/S
ratio = 0.1%(w/w. dry basis)

- 172 -



3

LTI DN

gNs AT SAN

prec T RN~

L

1 Hr

2 Hr

3 Hr

5H

1.00%

0.50%

0.10%

0.05%

6. Effect of reaction time and E/S ratio on particle size distribution

Fig.1—

+)at 50C

(

of expressed garlic juice treated with Rapidase liq

- 173 -



Reducing sugar content(g/L)

0 I I I s
0 60 120 180 240 300 360

Time(min)
~0—0% —8—0.05% —&—0.10% —8—0.50% —&—1.00%

Fig.1—7. Effect of reaction time and E/S ratio on reducing sugar content of
expressed garlic juice treated with Rapidase lig(+) at 50T

- 174 -



120

100 |

80 |

60 |

40

Apparent viscosity(cps)

20

0 : . e
0 60 120 180 240 300 360

Time (min)

—o—ctrl —0-0.05% —&—0.10% ——-0.50% ——1.00%

Fig.1—8. Effect of reaction time and E/S ratio on apparent viscosity
of expressed garlic juice(39Brix) treated with Rapidase lig(+) at 50°C
Viscometry : Spindie No.= RV1(Brookfield), Speed = 50rpm
Temperature = 42.1 £ 2.0C

- 175 -



100,000

90,000 | 86400
80,000
_. 70,000
[72]
o
)
> 60,000
5
3
2 50,000
>
5
© 40,000
o
Q.
< 30,000
20,000
10,000 3950 4200
0

0 0.05 0.1
E/S ratio(%, wiw)

Fig.1-9. Changes of apparent viscosity of concentrated garlic
juice(65Brix) according to E/S ratio of Rapidase liq(+) for 5hrs at
50°C Viscometry : Spindle No.= RV5(Brookfield), Speed = 2.5rpm
Temperature = 42.1 £ 2.0C
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Fig.1-11. Effect of reation time and E/S ratio on generation of
diallyl sulfide(DAS) during Rapidase lig(+) treatment
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dially! disulfide(DADS) during Rapidase liq(+) treatment
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Fig.1—14. Response surface curve of recovery yield as related to
extraction time and solvent ratio
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Fig.1-15. Contour plots of recovery vield of garlic extract as related to extraction

time and solvent ratio
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Fig.1—16. Contour plots of recovery vield of red pepper extract as
related to extraction time and solvent ratio

- 183 -



1.0

0.4

Solvent ratio

-1.0 -0.5 0.0

0.5 1.0

Extraction time

Fig.1—17. Contour plots of color of red pepper extract as related to
extraction time and solvent ratio
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Fig.1—18. Contour plots of total capsaicinoids of red pepper extract
as related to extraction time and solvent ratio
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Fig.1—19. Comparison of surface DADS as related to mixture ratio of
gum arabic and modified starch

Prep. Emulsion : 35% solution(wall : core = 4:1)

homomixing at 10,000rpm for 10min, homogenizing at 2,500psi for 1
pass
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Fig.1—20. Comparison of surface DADS ratio as related to ratio of wall and
core

homomixing at 10,000rpm for 10min

Prep. Emulsion : 35% solution, homogenizing at 2,500psi for 1 pass
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Fig.1—21. Effect of homogenization pressure on surface DADS ratio
Prep. Emulsion : 35% solution(wall : core =4:1)
homomixing at 10,000rpm for 10min, homogenizing for 1 pass
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Fig.1—22. Response surface curve of total DADS ratio as related to
inlet temperature and atomizer speed.
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Fig.1—23. Response surface curve of particle size ratio as related to
inlet temperature and atomizer speed.
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Fig.1—24. Response surface curve of uniformity as related to inlet
temperature and atomizer speed.
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Fig.1—25. Response surface curve of flowability as related to inlet
temperature and atomizer speed.
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Fig.1—26. Optimization of spray drying process of garlic
microcapsule by RSM
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Fig.1—-27 Time dependent release(TDR) patterns of spray
dried garlic microcapsule at various temperature
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Fig.1-28. Temperature sensitive release(TSR) patterns of spray
dried garlic microcapsule after heat treatment

- 195 -



_—

g

e’

']

o2

© 6 [ J

£

9

®

W 4

= 8

S

o

0 o |

g2

t .

-

mo i @ EE N
1 2 3 4 5 6 7

Sample

Fig.1—29. Comparison of surface capsaicinoids as related to mixture
ratio of gum arabic and modified starch

Prep. Emulsion : 35% solution(wall : core = 4:1)

homomixing at 10,000rpm for 10min, homogenizing at 2,500psi for 1
pass
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Fig.1-30. Effect of homogenization pressure on surface capsaicinoids
ratio Prep. Emulsion : 35% solution{wall : core =4:1)
homomixing at 10,000rpm for 10min, homogenizing for 1 pass
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Fig.1-—-31. Comparison of total capsaicinoids as spray drying

conditions; inlet temperature and atomizer speed
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Fig.1-32. Comparison of surface capsaicinoids as spray
drying conditions; inlet temperature and atomizer speed
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@ Particle size

33. Comparison of particle size of red pepper
microcapsule as spray drying conditions; inlet temperature and

atomizer speed

Fig.1-
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Fig.1-34. Comparison of uniformity of red pepper microcapsule
as spray drying conditions; inlet temperature and atomizer speed
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Fig.1—35. Optimization of spray drying process of red pepper
microcapsule by RSM
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Fig.1—36 Heat stability of second coating wall material;a. gum arabic,
b. modified starch 78—0508, c. modified starch Solstar—S
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Fig.1—37 Time dependent release(TDOR) patterns of secondary
coated garlic microcapsule with modified starch(78—0508) at

1257TC
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Fig.1—38 Temperature sensitive release(TSR) patterns of
secondary coated garlic microcapsule with modified
starch(78—-0508)
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Fig.1—39. Photomicrograph(100x maginification) of microcapsule(A),
garlic microcapsule secondary coated with 14% (B) and 21%(C)
modified starch
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Fig.1—40 Figure and schemic principle of DVS(dynamic vapor
sorption)
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Fig.1—41 Sorption/desorption curve of garlic microcapsule and
secondary coated
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Fig.1—43 Drying rate of garlic microcapsule and secondary
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Fig.1—44. Temperature sensitive release(TSR) patterns of spray
dried red pepper microcapsule after heat treatment for 1hr
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Fig.1—-45 Time dependent release(TDR) patterns of spray
dried red pepper microcapsule at 125C
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Fig.1-46 Time dependent release(TDR) patterns of secondary
coated red pepper microcapsule with modified starch(78—
0508) at 1257
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Fig.1—47 Temperature sensitive release(TSR) patterns of
secondary coated red pepper microcapsule with modified
starch(78-0508)
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Fig.1—-48. Photomicrograph(100x maginification) of microcapsule(A),

red pepper microcapsule secondary coated with 14% (B) and 21%(C)
modified starch
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Fig.1—49 Sorption/desorption curve of red pepper microcapsule
and secondary coated
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Fig.1—50 Hysteresis of red pepper microcapsule and secondary
coated
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Fig.1—52 Hysteresis of wall materials
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Fig.2—1. Schematic diagram of emulsification and spray drying
process of flavor compounds
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Fig.2—2. Schematic diagram of second fat coating using fluid bed
granulator '
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Fig.2-3. The prepration of x« —carrageenan/gelatin and flavor
complex by coacervation
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Fig.2—4. Influence of rapeseed oil content on relative vapor pressure of
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Fig.2—5. Stability of flavor emulsion made with different wall materials. @
—@: maltodextrin, O—Q: modified starch, ll—I: gum arabic.
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Fig.2—7 Effect of different wall materials added to the mixture of
MD:GA:MS on viscosity and emulsion stability. @—@: emulsion stability
index (ESI), O—Q: viscosity.
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Fig.2—8. Effect of different wall materials added to the mixture of
MD:GA:MS on viscosity and emulsion stability. @—@: emulsion stability
index (ESI), O—QO: viscosity.
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Fig.2—10. Effect of GA to MS ratio in flavor emulsion on emulsion
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flavor release.
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Fig.2—11. Effect of gellan gum concentration on emulsion stability and

flavor release in emulsion. @—@: emulsion stability index (ESI), O—O:
flavor release.
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Fig.2—12. The effect of emulsion pressure on emulsion stability and
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Flavor release.
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Fig.2—13. The moisture content of spray dried microcapsules prepared at
different emulsion pressure..
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Fig.2—14. Comparison of total oil content at different emuision pressure
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Fig.2—15. Comparison of surface oil content at different emulsion
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Fig.2—19. The effect of different drying methods on flavor release
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Fig.2—24. Changes of moisture adsorption of differently prepared
powders as time changes
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Fig.2—27. Concentraion of limonene 1,2—epoxide formed in single— and
double—encapsulated powder as a function of time of storage at 37C.
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Fig.2—-28. Photographs of the x —carrageenan/gelatin coacervates
droplets after (top) adjusting pH, and then (middle) 30 min, and
(bottom) 7 hrs.
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Fig.2—29. Response surface curve of dry coacervate yield as related to pH
and & —carrageenan/gelatin ratio
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Fig.2-30. Contour plots of dry coacervate yield as related to pH and « -carrageenan/gelatin
ratio
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Fig.2—31. Microphotography of coacervate prepared without core material
observed by scanning electron microscope (a) at 2,000 %, (b) the surface of
coacervate at 30,000 X
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(b)

Fig.2—32. Microphotography of coacervate prepared with core material
observed by scanning electron microscope {a) at 1,000x%, (b) the surface of
coacervate at 3,000 X
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Fig.2—33. Changes in dry coacervate yield according to various total solid

concentration
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Fig.2—34. Microphotography of optimized capsule
observed by scanning electron microscope (a) at 2,500 %
(b) the surface of coacervate at 3,500 X
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Fig.2—35. Microphotography of capsule prepared by atomizer
observed by scanning electron microscope (a) at 2,500X%, (b)
the surface of coacervate at 10,000 X

- 256 -



12

10 |

% PFlavor release

Fig.2—36. Flavor release from single—encapsulated powder and fCD—
flavor complex during storage at 37°C. @: single—encapsulated powder,
O: BCD—flavor complex
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Fig.2—37. Flavor release from double encapsulated powder incubated at

40T and 60°C respectively.
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Fig.2-38. Comparison of flavor release at various pH. @: capsuled powder
prepared without adding the hardening agents, A: capsuled powder with adding
the hardening agents using the atomizer.
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Fig.2-39. Release of octanol-1 at various pH. @: capsuled powder prepared without
adding the hardening agents, A: capsuled powder with adding the hardening
agents using the atomizer,
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Fig.2-40. Comparison of flavor release at various pH. (a) capsuled powder

prepared without adding the hardening agents, (b) capsuled powder with adding the
hardening agents using the atomizer.
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Fig.2—41. Flavor release from flavor encapsulated powder dissolved at various
temperature.
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Homogenization of Barley using Waring blendor

Filtered by cheese cloth

Centrifugation(10,000g for 30 min)

—

Precipitation Supernatant
Precipitation Sunernatant

45% Ammonium sulfate precipitation(14.000g for 30 min)

|

Precipitation Supernatant

85% Ammonium sulfate precipitation(14.000g for 30 min)

Supernatant

Precipitation
(Dissolved in above buffer)

Dialysis
Concentration of sample using PEG
Sephadex G-100 chromatography
DEAE-Sephadex chromatography

Concentration of sample using PEG

Fig.3-1 Purification step of superoxide dismutase from barley.
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Fig.3—2 Sephadex G—100 chromatogram
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Fig.3—3 DEAE-sephadex chromatogram
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Fig.3—4 SDS—-PAGE of superoxide dismutase during
purification
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Fig.3—5 Measurement of molecular weight of superoxide
dismutase by SDS—PAGE
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Fig.3—6 Determination of molecualr weight by Sephadex G—100
column chromatography
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Fig.3—7 Effect of pH on the activity and stability of SOD
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Fig.3—8 Effect of the temperature on stability of SOD
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Fig. 3—9 Changes in specific activity of superoxide dismutase

during seedling development
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Fig.3—11 Inhibition of cytochrome C reduction with chlorophyll

derivatives
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Fig. 3—12 Hydroxyl radical scavenging effect of chlorophyli
derivatives
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Fig.3—13 Peroxynitrite scavenging effect of chlorophyll derivatives
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Fig.3—14 Inhibition of lipid peroxidation with chlorophyllin
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Fig.3—15 The protective effect of chlorophyll derivatives on
plasmid DNA from hydroxy! radical
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Fig.3—16 Cytotoxicity of paragquat on Jurkat cell line
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Fig.3—18 Cytotoxic effect of chlorophyllin on Jurkat celf line

- 281 -



E50:7

m100 : 7

AR geaRaeaesass
\.«Amm.mMMMA LRRULALL A«A\«««me

R

: L L L L

L

(=4 o (=) (=) (o
©o o] <t 3¢} o

(NV) AlAnoe [elol gOS

(o]

~—

(@]

NaCN

control

|5

Fig.3—19 SOD activity during liposome preparation
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Fig.3—20 Scanning electron micrograph of liposome containing
S0OD

- 283 -



0.1 r

0.06

=@ liposome
—e—protein

absorbance

0.02

-0.02

fraction number

Fig.3—21 Sephadex G—-100 chromatogram of liposome
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Fig.3—22 S0OD activity of liposome-—chlorophyllin
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Fig.3—23 Scanning electron micrograph of liposome containing
chlorophyllin
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Fig.3—24 Effect of pH on SOD release
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Fig.3—25 Triton—X effect on SOD release
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Fig.4—1 ESI values of Cm 2 vs Wm 8 at 120 min

- 289 -

20



ESI1, %

120

100 ¢

80

60

40

20

10 15
H.L.B.

Fig.4—2 ESI values of Cm 4 vs Wm 6 at 120 min
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Fig.4—3 ES! values of Cm 6 vs Wm 4 at 120 min

- 291 -



ESI, %

120

100 —.—T %

80 |-

60 +

40 +

20 +

H.L.B.

Fig.4—4 ES! values of Cm 8 vs Wm 2 at 120 min
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Fig.4—5 ESI value of 0.1% emulsifier concentration
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Fig.4—6 ESI value of 0.2% emulsifier
concentration
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Fig.4—7 ESI value of 0.3% emulsifier concentration
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Fig.4—9 ESI value of 0.5% emulsifier concentration
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Fig.4—11 ESI value of 0.7% emulsifier
concentration
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Fig.4—12 ESI value on the mixed emulsifier of 2 kinds
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Fig.4—13 ESI value on the concentration of mixed
emulsifier at 10 hr
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Fig.4—14 ESI values on the emulsifier conc. at 10
hr.
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Fig.4—15 ESI value on the mixed ratio of agar & gelatin
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Fig.4—16 ESI value on the concentration of agar &

gelatin
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Fig.4—17 Effect of the total concentration of wall
material at 10hr on ESI
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Fig.4—19 ESI value on the mixed ratio agar & waxy corn
starch

- 307 -



120

0.1+0.05

0 : L L

0 2 4 6
Concentration of agar & waxy corn

starch, %

Fig.4—20 ESI value on the concentration of agar & waxy
corn starch at 10 hr
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Fig.4—21 ESI value on the mixed ratio of agar & gelatin at 10 hr
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Fig.4—22 Standard curve for measure of microencapsulation yield
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Fig.4—23 Standard curve for measure of microencapsulation
yield.
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Preparation of 20 mL despersion fluid
contating the DHA microencapsulated

Addition of 10 mL hexane and stand for 1 hr

Taking S mL extract of hexane
Colorization by vigorous mixing for 90 sec
after addition of 1 mL S% cupric acetate-
pyridine(w/v) solution

Centrifugation at 3,000 rpm for S min -

Taking the supernatant and measuring
absorbance at 715 nm

Fig.4—24 Determination of microencapsulation yields of
DHA.

- 312 -



capsuies, %6

Degrss of microen

Fig.4—25 Response surface curve of microencapsulation yield as
related to temperature and ratio of Cm, Wm
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Fig.4—-26 Response surface curve of microencapsulation yield as

related to temperature and ratio of Cm, Wm
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Fig.4—27 Response surface curve of microencapsulation yield as
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Fig.4—28 Effect of temperature on the storage stability of
DHA microencapsulated with waxy corn starch and agar.
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Fig.4—29 Effect of pH on the storage stability of DHA
microencapsulated with waxy corn starch and agar.
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Fig.4—30 Effect of temperature of dispersion fluid on
the microencapsulation yield at the scale factor of 100.
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Fig.4—31 Effect of pH of fluid on the microencapsulation yield
at the scale factor of 100.
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—32. Schematic diagram of semi—automation

for microencapsulation.

Fig.4
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Fig.5-1 Chromatogram of standard (a) and oleoresin (b).
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Fig.5-2 Capsaicinoids standard curve by HPLC analysis.
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Fig.5-3 Effect of the ratio of the weight of microcapsule to DMSO
on solubilization of microcapsule. The mixtures were heated at
55°C for 20min. The volume of DMSO was 2.0ml.
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Fig.5-4 Effect of the heating time on the content of capsaicinoids
arter addition of DMSO. (12000rpm)
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Fig. 5-a. Effect of ratio of the DMSO to the weight of microcapsule
on the solubilization of microcapsule. The weight of microcapsule
was 0.15g. 12000rpm, 10min.
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on the solubilization of microcapsule. The weight of microcapsule
was 0.15g. 12000rpm, 10min.

Fig.5-5 Effect of the DMSO ratio
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Fig. 6-a. Effect of ethanol concentration on the extraction of
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Fig.5-6 Effect of ethanol concentration on extraction of capsaicinoids
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Fig.5-7 Effect of the vortexing time on the extraction of
capsaicinoids from the DMSO solubilized mixture after
addition of ethanol.
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Fig. 8-a. Effect of the centrifugation speed on the content of
capsaicinoids.
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Fig. 8-b. Effect of the centrifugation speed on the content of
capsaicinoids.

Fig.5-8 Effect of the centrifugation speed on the contents of capsaicinoids
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Fig. 9-a. Effect of the centrifugation time at 21000rpm on the
extraction of capsaicinoids and on the content of carbohydrates
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Fig. 9-b. Effect of the centrifugation time at 21000rpm on the
extraction of capsaicinoids and on the content of carbohydrates.

Fig.5-9 Effect of the centrifugation time on the contents of capsaicinoids
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Fig.5-10 Effect of the ratio of EtOH to DMSO on the extraction
of capsaicinoids
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microcapsule on the content of capsaicinoids. 1.25ml of

DMSO was added to 0.15g of microcapsule.
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Fig. 13. Change in carotenoids content of red pepper oleoresin

during storage at various temperature.
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Fig. 14-a. Variation of the colorimetry parameter "L-Lo"

during storage of red pepper oleoresin. Storage at 5°C,
25°C, 45°C, 85°C and 105°C.
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Fig. 14-b. Variation of the colorimetry parameter "a -ao" during
storage of red pepper oleoresin. Storage at 5°C,25°C,45°C,
65°C,85°C and 105°C.
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Fig. 14-c. Variation of the colorimetry parameter "b-bo"
during storage of red pepper oleoresin. Storage at 5°C,
25°C, 45°C, 65°C, 85°C and 105°C.
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Fig. 15. Variation of the colorimetry parameter "L-Lo", "a-ao" and
"b-bo" after 12 week storage of red pepper oleoresin.
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Fig. 16. Correlation between colorimetry parameter "L-Lo", "a-ao
and "b-bo" and carotenoids retention in red pepper oleoresin.
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Fig. 17. Changes in capsaicinoids content of red pepper oleoresin
during storage at various temperature.
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Fig. 18. Change in total carotenoid content of encapsulated
red pepper oleoresin in gum and modified starch mixture
(50:50, wiw).
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Fig. 19. Changes in surface carotenoid content of encapsulated
red pepper oleoresin in gum and modified starch mixture
(50:50, wiw).
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Fig. 20-a. Variation of the colorimetry parameter “L-Lo" during
storage of red pepper oleoresin encapsulated in gum and modified
starch mixture(50:50, w/w, powder). Storage at 5°C,25°C,45°C,65°C
85°C and 105°C.
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Fig. 20-b. Variation of the colorimetry parameter "a-ao" during
storage of red pepper oleoresin encapsulated in gum and
modified starch mixture(50:50, w/w, powder). Storage at 5°C,
25°C,45°C,65°C,85°C and 105°C.
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Fig. 20-c. Variation of the colorimetry parameter "b - bo" during storage

of red pepper oleoresin encapsulated powder storage 5C,25C,45C,65C,
85C and 105C.
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Fig. 21 Variation of the colorimetry parameter "L-Lo", "a-ao", "b-bo
after 12 week storage of red pepper oleoresin encapsulated in
gum and modified starch mixture(50:50%, w/w, Powder).
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Fig. 22. Variation of the colorimetry parameter "L-Lo","a-a0","b-bo'
after 12 week storage of red pepper oleoresin encapsulated in gum
and modified starch(50:50, w/w, Extracted total oleoresin).
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Fig. 23. Variation of the colorimetry parameter "L-Lo", "a-a0", "b-bo
of surface oleoresin after 12 week storage of red pepper oleoresin
encapsulated in gum and modified starch mixture(50:50%, wiw).
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Fig. 24-a. Correlation between colorimetry parameters L-Lo and
carotenoids retention in red pepper oleoresin encapsulated
in gum and modified starch mixture(50:50, wiw).
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Fig. 24-b. Correlation between colorimetry parameters "a-ao"
and carotenoids retention in red pepper oleoresin encapsulated
in gum and modified starch mixture(50:50, wiw).
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Fig. 24-c. Correlation between colorimetry parameters b-bo
and carotenoids retention in red pepper oleoresin encapsulated
in gum and modified starch mixture(50:50, wiw).
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Fig. 25. Change in total capsaicinoids of encapsulated
red pepper oleoresin in gum and modified starch mixture
(50:50, wiw).
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Fig. 26. Change in surface capsaicinoids of encapsulated
red pepper oleoresin in gum and modified starch mixtire
(50:50, wiw).
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Fig. 27-b. Variation of the colorimetry parameter "a-ao" after
storage of microcapsule of different wall material for
12 weeks(Powder).
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Fig. 27-c. Variation of the colorimetry parameter "bh-bo" after
storage of microcapsules with different wall material for
12 weeks(Powder). N
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Fig. 28-a. Correlation between colorimetry parameters "L-Lo",

"a-a0" and "b-bo" and carotenoid retention in red pepper

oleoresin encapsulated in gum({Microcapsule A).
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Fig. 28-b. Correlation between colorimetry parameters "L-Lo",
"a-ao" and "b-bo" and carotenoid retention in red pepper
oleoresin encapsulated in gum and modified starch mixture
(50:50, w/w).(Microcapsule B)
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Fig. 28-c. Correlation between colorimetry parameters "L-Lo",
"a-ao" and "b-bo" and carotenoids retention in red pepper
oleoresin encrocapsulated in modified starch(Microcapsule C)
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Fig. 29. Correlation between colorimetry parameters “L-Lo", "a-a0"
and "b-bo” of extracted surface oleoresin and carotenoids retention
of red pepper oleoresin encapsulated in gum and modified starch
mixture(50:50, wiw).
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of microcapsule A, B and C(A-gum 100%, B-gum : modified
starch 50 : 50, C-modified starch 100%).
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