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Yir1g9) S4-8okg TRa B, 22, 38 AE, A § ZE 71e0] A A BED #
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3 A0 A2 BANH %, 1AL PANTE 5L F AT AR M0 B2 A4
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2 A27¢E AL T doh UirlEe] S&EokE v A E 3 Fig 1949} 2ok
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o B E AT E AP L2 Aol HT gltk Tt SevlAE Yir)ge) 240
9141 5jo] 2|1k 2002d 124 2626 e 7€ 7] A& A o] TEHY O, o1 o]0l B AT o ¢
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T o, 214 7)9] A F o] Bt 7154 A FUl £ }‘4-1'?_ 1 7154 A& A5 48
A7} 75 AR Bo] F8hE ASE YA, ol RE9] A9oe g A AAM 7154 €2
%ﬂlﬁ%ﬂaﬂwd}}Eﬁﬂ%w”ﬂqqaﬂﬂ-QE]% 29 3717 im 2],
o|AL me] T7)E BELE Uk BH IS SIEEH 7|5S o BAAZ FE I, E v Y 750l
Uehd 5 glon, Ao e S48, FrEdE v i7]°ﬂ HE Qoo E # dde Aol ¢
HA L AUtk :LELT’_ 7154 B g A AT 5 e 280 SRS/t FE A ol & HE

g 247} Q= A7} et o m) £ £ 8] A st 714 0] 4§ & 3Hencapsulation) 1 B, U] @&} e o]
L£.24(7] 54 E3)2 7] 25 2(coating material) 2 4= 3 7] | @} macro, micro, nano NeZ TEA
A4S YRS W AL, FE 59 ARAA 0 RE 2N, 443} Foll T JFE 9] 7
2 &S qulst T AES) FHAE FAAA FUE 37t Lo, o] u], o] E masking 3t R ]
7hsate] AE A o] A Lo] ul$- Aotk EF &8 H 7154 B L pH7F R 9l(stomach)f
A 7]%°] B35 7 LRz pHell A HEFH o] 7154 B9 71%S ASAANA G=F st ¢
Mol 2& 75X AE EAL FAG Sk PEH 7154 AFE FAFA AF A H O f5 8,
iﬁhﬂ%%% NEL T3} o7, o|okE, T, A, WA, A 5 Y A o) B ALgol
g4+5 03743 9 eHFig 2)°.

o] AERFA FE AMLHE P&} 7142 v|A 744 SKHmicroencapsulation)©] W, nano/
microencapsulation?] 7}& 27 0] 4 Yol A 5 vlo] 2w g 2 BA ST A, o= F5 &
A o] &-go] v) ¢ Fon Ash=s R A 7154 BHol MM WBE E%]%ﬁlaﬂ@ﬂﬂ

go] 7b5stth 2 f7HE A ROkl M E fatd S vl Eete] e 7| T dFEe
A3} 71%0) 457 Azsta

e EToj e ¢ Uk r1$S f7tEAadl A 4ste] Lr7kA & 33N 71E 7154 A

Fo) WA WA 0] 575 uebe u]oA, H 2o B F B FAFA U R ulAdE 7T

1

off

4 Ed

Medical treatment
and health
namedicarion, artificial organ
perception of disease,
rewte diagosis

Informative technique
terastorage, Quantul computer

Biotechnology
naobiosensor, naovitalrobot

Transportation

ultra high light modulus
autonobi le, aircraft

Science/ Education
the birth of a new study field
of study

Natlonal security

perception syster for miclear
proliferation

Advanced materials

high modutus, high functional
nanonat erials

Aerospace

micro spacecraft, process of
the avionic systen

Applied fields of
nanotechnology

Energy/ Environment
ultra high efficient solar battery

Blology/ Agricuiture
gene, drug delivery

Fig. 1. The various applicable fields of nanotechnology.

- 34 -



Clothing
/ Leather

Pharmaceutical :
/ Agrichemical | Encapsuation \
\ Flocting
Paint / Ink

Fig. 2. Various fields of adaptation for encapsulation.

4 g7l A8l g A7 A% TEHTA Bk

23] § A9l §-D-galactosidase
Sl ] 8.9l0) 93te] o] A&7
k! 2 o uksiz) Al71A Zahs 2E 22U Z(lactose intolerance) 2k ko, o] 2 &
& A7} 5= Abgo] A A Q1Fe] /360 BT, $-

oA Utk IHH FEENZ S AR E A7t o8 AR A s g, nEg v A3
#

2]
tlo
ot
£
.
i
=
Er
A
L
8
™

oba S A B oItk o) AT 2ol 89 NF A FERALLE WAHANT F
o] glucosest galactoseZ 71421 Hlo} §-49) 4w} o4 FolAN AFHH Q2 2912l
Ras HES 47t IR FaAA ALHAL, L Fol £, QRAIA, 1AL SHUSAAE
19849 A& $folA o] BESHT ALAAT Asach TAM wFolH AelE o BLE
tablet 2 2 BEOIA $Hal0] Rasjol S48 vk o o] AL B HEAES ALHAAAL, o) o
A 2SO RS LA A BT A BHATE TN A2 o FA A F2 BAAD A AF
& UF(uitra filtration) 7169 o] &-810] #90 HUA LR AARF 59 BES AU 228 3
d), dulae] 2ol 4T wAZolH, o 58 YL AN E $40) TR BF T HANE
o) ZLHAT S50l Fo] A4 BH L W AN E 5ol o) BolA $7F vhA
7t 2A A

A A ALES AUEL RASE P A S W E FIRAELE WES HE
ot} @te] a7l YT H5E TUE HASRAN B7HE o) A7 $(stomach)el A Tl B
93 AR E FTE Bastel $47t A 28 58 5+ QA SHe 7R EFAA AL 7
Steh o] EA9] %3 AT ol Batel Av B H, macro W HE 7Psd A2 YERHAT, A E
747 2 B8 Aol 917 9l 2ol 2 2ol micro W3t A77HAE A S o) A7 2

>

e ol
fol

ot >

-135 -



100
90
80
70
60 -

50
40

- lppm
0r —&— Sppm

20 —&— 10ppm

B -galactosidase activity (%)

10

0 1 ] —

] 1 5 10
Time (min)

Fig. 3. Effect of ozone treatment on the activity of microencapsulated lactase made by polyglycerol
monostearate in dispersion fluid'.

Means of triplicate
'0.05% polyethylene sorbitan monosterate (Tween-60) solution.

3} 2t ester7t ZEA) 2 &3 0] 9121, polyglycerol monostearate(PGMS) 9} medium-chain triacyl-
glycerol (MCT)e] %%‘_ W), AN, A, B d B SoA B¢ E s ol EA FRE &
29 o4 AL 49 7HE B F AA oA A7 Al fge) AA7] W Eo A Foll A8
obstnE o) Y& UM e WHel QFo] /P AHAQA AL E FAF] o0, o] vlA Ag A A

who] GolglE A0 HBASE AP A7, A HAZAWOZ 2T FEE 10ppm 2 2 108
7+ A E] A 90%7H BB HoH, Wed A4 FHEE QFEFE 10ppm, 108 A2 A] & 70%9]
BT 2 92 5t thFig. 3)°.

a87 ol2A Al B AL EAE SRl Aestd] A TP GRS BFHE AUR A8

L}

Table 1. Sensory score of sweetness in milk containing -galactosidase microcapsule during storage for
12days at 5°C'

Microcapsule Storage period(day)
concentration(%) 1 3 5 8 12
0’ 1.0° 1.0° 1.0° 1.0a 1.0°
1.0° 1.0° 1.0° IRV 1.38"
1.0° 1.0° 1.38° 1.63% 1.75°
SEM 0.12

'Sweetness scoring: 1:none, 2:slight, 3:moderate, 4:slightly strong, 5:strong.
Means of 8 replicates. Means in column without the same letter are not significantly different( p<0.05).
*Control: commercial market milk.
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o 2|7l A] control 3 210] 7+ 121K Table 1)°. ZehA o] 4 % -z— AZF YL T2E Astel 4
A4 glo) AHo) P53l BTk 1 Thee) AR B E Tvon 499 4ol Aol A AR 2
RS inviro 48 A e pHE-S)IAE 15% olhe] Wo] FALH 8 pHO~HIAE
7 2} 70%74 A EA7F wEE Yo ME Aa7t BALE A A8, 2% E 77t 5
o 23 F47t S0l ¥ Aoz BAH A,

ol el o o] HERATAZ FH A&stel 5ol HE3HE Aol b5 A2 BHA:
29T AAL Y U AFE W] WYY Gl o, F PR AL nano Y3 AFE WA

13 Fojr.
3. HEe Has

Skoll A Q1538 vhe} 72o), S5 GEATH FRT HF A, ”] FA ¥ ¥ (iron) FFol of -
H0}(0.53mg/ /), QL BF L A 3} Ao whe} 2bo} 7k AT 10~ 18mg e} W A w|AA] &
313 Yok B o) AP H A ¥l Y (anemia)e] A2 A H=wl, oo, YA, 42 E s RS9 B¢
of A AAHLE FB M Fo] BEY G dolch TeA Sfol LS Zstelord 227t AT,
HES HEd 2 Horshd F¥o] ferrous9} ferric ) 2 A BH UM AP Fakrh @ se] 439
EAE AN 2, A9 1 ste} o]n], o] H7H A 8, A o] Pofrpud, 9ol WAl s} lipase] &
20 2 fE A ato] A FH o} 2 AtalyL wrA st T, o] 2 QlEte] Ao S| Z & AE BN AANE
ATt =G $5ol THE A7) T AT FE R ste) AR A o)A (bicavailability) o] o}
A 7F5AE glon, Blebgl(vit. A, carotene, ascorbic acid )9 &4 = WA 1A At} o] 9 o] o 7}
A A 2AU7) o) HAIZNA S F 2 SR F) RS slste AAT A HA 2 AA 0]
Atk ol & EAE ) Astel e A7t A2 AT A2 FYRAL, ol BHE S /7T
BaEao] ApoMg o), HEL A48 st otk o] A7) AFE ¥R’ ZYA2
PGMS, A AN EA 2 ferric ammonium sulfate Z AF&-31ed 5:1 ) V]2 3132 v, A& 7= HA SR
S ui(Fig. 4), W& 801 T0%A T, 570 A7Fete] 4Tl A 217338 12%2] H#o] FEH AT

S,

Fig. 4. Photomicrograph of microencapsulated iron with polyglycerol monostearate.

The photograph was taken at 1,000 X magnification.
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Fig. 5. Effect of different pHs on iron release from microcapsules incubated in simulated gastric condition in vitro.

Coating material : Polyglycerol monostearate, Core material : Ferric ammonium sulfate.

Simulated gastric fluid contained pepsin and adjusted to different pHs with HCl and NaOH at incubated
at 37°C for 60 min. Each bar represents an average of three trials.

Each bar indicates a standard deviation and bar with different letters are significantly different (p <0.05).

ARTE 98 TBAZFE WEE 285 HE conrolzh FABHRL, in viro AR A S pH
(3~6)01 1 5% o) 3] o] AT, B pH )N AL 96%7H7) Aol Eslo) 23t F57H &)
871 51 9itHFig 5). B3 24 Ao A control st o) AHE A3higton], dwbE oz R
ol )% shoba] v @A) A5o) 10% FEAT, WEBT 9ol 30%2 Faslo) I g
S5l 8710 ATE A BRAXD. AHHOE 79} FAB ARE RAY F Y
Ao HH ] N o3t A frol £80) D5 UA N0, 0) /1&E TG HF, o kF, T
2 50 $80) 7Fs 2 Aol th

-
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Fig. 6. Electrophotograph of vit C nanoencapsulation.

*The range of nanocapsules are from 40 to 80 nm.

12

Ascorbic acid release (%)

Storage period (day)

Fig. 7. The release of ascorbic acid from microcapsules at 4C during 12day storage.

NI)= 7)1 &0) A& stolnl, H 2o oo B AT/ AFH LR FRsETH, O
] % 2P &3 A Pol s MCTS HIEN CE 1519 &2 AT W s
o] 4:80] 95%Z v]9- 29k T, A& ¢] I7) = 40~80nm= w-$- & gtehFig. 6). T o] HIEY C e
A o A7batel 129 S A SHEA AP A vlehd Co o] F7tslo] 129 8%
2ko] 225 QY chFig. 7).

gt o] Al 2o ALSHE(TBA)S) SAA T U225 19 FYF FFLR Bgon, A5 2
2} sourness £ o} 7} A €] A 5= gke)’. 18] 3 T YA = PGMSE }%@ Ao A& MCT2) A
2ok SABIAT, o2 A AZH BER CY V&) AR 59 AelM 18N A%E T

R el 24 i—’?—% s=oh 2#@M e 7X A A HA BR EASES AT ED AWM 2
-1
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Fig. 8. The ascorbic acid release from microcapsules made with MCT in a

simulated-gastric fluid during 60 min incubation.

#at7) 95t 1417 St inviro AW A3 MCTE T8 & 45 AHE A pH 2914 = 1.32%, pH S
o) M= 6.3%2) B EFS C7F w5 9.0 1], PGMS AR A] o = 9.5~16.0%7} HH& 5] o] MCT7HFig. 8) ©
oFA 3k o] TaE| ek 18] T pH 8o 41 = MCT7} 94.7%(Fig. 9), PGMS7} 83.8%9] B EMR) C71 &
5 01 2oz apof A HlElEl C7F AR 9 T45 52, B3 v el C A9 ST ¢ 24H AL
z #a-gn’.
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Fig. 9. The ascorbic acid release from microcapsules made with MCT in a

simulated-intestinal fluid during 60 min incubation.
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Table 2. Mean values of serum iron, total binding capacity, and transferring saturation with

microencapsulated iron and/or ascorbic acid added milk intake

Treatment Serum iron Total iron binding capacity Transferrin
reatments (/100ml) (g/100ml) saturation (%)
Control® 78 £22 395+ 72 19+5

Tt 1’ 89+ 24 358+ 75 2414
Trt2* 106 + 27 337+71 3143
Trt 3° 119+ 30 279 + 51 4216

"Means of 5 replicates. Means in a column without the same letter are different (p<0.05).

“Controf: no addition of iron or ascorbic acid.

3100 ppm uncapsulated iron added.

#100 ppm microencapsulated iron added.

5100 ppm microencapsulated iron and 250 ppm microencapsulated by ascorbic acid made by MCT.

323 99 ATFARE o) &te] MlET CrF B9 Ao 84 TR Auht AFAJAAE A5}
7] 98te] Wl 4 HEHY C2 H7He BE F3HR-5 202549 A 15l A A H P9
71 7} Table 20 4 9 2™, Serum iron(SI)o] Aol A A E3A B LS AARE W 22
s 14%, A& HEo] 30%, e IEF Y& g ColA $3% F7HEA 122
TIBC(total iron binding capacity)+= transferrinoll t) &l =] ¢ )<= free iron binding site 2] s AdH AR
A2 AR A TIBC/F w2 A 2718t FE A3 Q) $X)7} vle) g 02 7rAsted], hE2ZAA Y 54
£ 100%2 & of PEetA] G2 BE 7] 90%, PPl 85% e P Aevlerd C Y7t
A T0%2 7+ 4 3H9] e}, I & TS(transferrin saturation) 23 ol A TS7}15% o] 3lo] W A E AR ¥ &
A, 30%3 B AP, 35+ 15% 2 BAHE QA GA A, B Aol A control-& TS7HI9%E H ¥ 29

Table 3. Changes of viable cells of Streptococcus thermophilus in microencapsulated iron fortified drink

yogurt stored at 4°C for 20 day storage

Storage period (days)
0 5 10 15 20
(cfu/ml)
Tt 11 22x10°%:0.1° 2.4x 10°4 0.3° 2.4x 10°+ 0.3 2.4x 10+ 0.1° 2.4x 10% 0.1°
Trt.2  22x10°%:0.2° 2.5% 10°+ 0.4° 2.2x10°+0.1* 23x 10°£ 0.3 2.2x 10% 0.2
Trt.3  2.6x10°:0.1° 2.4x 10°+ 0.2° 2.4x 10°+ 0.2° 2.1x 10°+ 0.3° 2.3x 10°+ 0.2°
Trt.4  2.5x10°:0.1° 2.3% 10°% 0.1° 2.3x 10°+ 0.2° 2.2x 10°+0.2° 2.6% 10°+ 0.0°
Trt.5  23x10°:0.4° 24x 10° 0.3 2.2x 10°+ 0.2 2.3x 10°+0.3° 2.2x 10*+ 0.1°

'1.DY; I1.DY-I; I.DY-MI; IV.DY-MI-C; V.DY-MI-MC.
2 Within the same column means with different superscripts are not significantly different (p<0.05).
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Table 4. The production of neutral volatile flavor compounds in microencapsulated iron and/or L-ascorbic

acid fortified Cheddar cheese ripened at 7°C for 7 mo'

Ripening Acetaldehyde Acetone 2-Butanone Ethanol 2-Heptanone
Treatment i
period(mo) (ppm)
0 0.08° 6.7 .18 3.39° 2.79°
1 0.18 6.68° 1.19° 6.40° 2.86°
c 3 0.21° 6.94° 1.38° 116.80® 2.78°
5 047 6.86° 1.63° 170.30° 2.72°
7 0.50° 6.93 1.74° 182.00° 2.88°
0 0.07 o 6T1P 1.20° 5.54° 282
1 021° 7.71° 1.56* 5.50° 277
P 3 0.20° 6.74° 1.69° 73.77° 2.68°
5 0.50° 6.83° 1.60° 78.69° 3.12°
7 0.62° 6.84° 1.69° 96.25" 3.12°
0 0.13° 6.68° 118 477 279
1 0.23° 6.80° 1.18° 3.86° 2.73°
mr 3 034" 6.85° 296" 50.11° 2.94°
5 0.41° 6.7 132° 127.70° 4.04°
7 0.52° 6.87° 142° 134.13*® 3.00°
0 0.16° 6.78° 1.19° 12.00° 2.94°
1 0.33* 6.75° 233 41.07° 2.92°
MIuc® 3 0.23° 6.73° 2.50° 79.55° 2.81°
5 0.18° 6.91° 1.96° 126.33° 271°
7 0.26° 6.79° 2.20° 132.65® 2.96°
0 0.07° 6.68 1.19° 4.63° 278"
1 0.20° 6.78 2.05° 5.63° 2.86°
MIMC® 3 035 6.83° 1.22° 104.55% 2.65°
5 0.27° 6.79 1.82° 109.17* 2.70°
7 0.35® 6.92° 1.98° 11621 252

"Means within column by the same capital letter are not significantly different (p<0.05).
*C: control, ’I: iron added, *M.L: microencapsulated iron added.

*MIUC: microencapsulated iron and uncapsulated L-ascorbic acid added.

SMIMC: microencapsulated iron and microencapsulated L-ascorbic acid added.
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4), o], o} £ H5 AL} ZH M E o] A+ FAe] Baslx oot A& st B wEb CE A vhA
zo) 237t b Aoz FAH QDY

oAbl A Bz vhe} zro] A X 7kslz} wlEkD C7hx] ZAsta R 2M A2 ML S A2
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Y
rlo o
rg st

5 o|x=Eat=2o Y3
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813 127 v ¢ FAlet, o 2EZA Y G &g FE AR 4FHA itk TE T o] AT TEE o
7150 YZHQAE, 53] #737) A Eo) 2EZAY Yol 438 ZaHo ZES WE o)
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Table 5. Sensory scores of microencapsulated isoflavone fortified milk during storage at 4°C for 12 days'

Storage period  Condition of Sensory description

(day) fortification Color Off-flavor  Bitterness  Astringency Off-taste’
Control’ 5.0° 5.0 5.0 5.0 5.0
0 Uncapsulated 5.1 5.5%% 6.2 6.5 6.4™
Encapsulated 50 48" 5.6 5.7% 6.0
Control 49 4.9°% 5.4% 5.2 5.2
3 Uncapsulated 5.1 5.9 6.8° 6.9% 6.9%
Encapsulated 5.0® 49 6.1 6.0 6.1¢
Control 507 47 5.1 5.0 5.2
6 Uncapsulated 53 5.5%% 6.1 6.5™ 6.5
Encapsulated 5.4° 5.4%% 5.8 6.0 6.3
Control 5.2 5.4%0 52 54 5.8
9 Uncapsulated 54" 70" 6.2 6.8% 8.0°
Encapsulated 52 5.8%% 6.4 6.6™ 7.5
Control 53 6.2 5.9t 557 6.4
12 Uncapsulated 56 7.7 7.1° 76" 8.3°
Encapsulated 53" 6.6 7.1 7.1 7.7

"Means of 10 replicates. Means in a column by the same letter are not significantly different (P<0.01).

The scale of each score : 1=very slight, 2=slight, 3=slight-moderate, 4=moderate, 5=moderate-strong, 6=strong and
T=very strong.

“Tastes except for bitter and astringency.

3Control : Market milk at 4°7C for 12day storage.

Table 6. Effects of experimental diets with chitooligosaccharide added and cholesterol-reduced milk on
the change of blood triacylglycerol, total cholesterol and high density lipoprotein in rats fed for 16 weeks'

Total CH TG HDL

Treatment -
Initial Final Initial Final Initial Final

(mg/dL)
Control® 120.8° 166.0° 458 51.0° 418 53.3°
co’ 105.8° 160.4° 43 476 36.7° 63.7

'Means in a column with the same letter are not significantly different (P<<0.05).
Milk with no chitooligosaccharide addition no cholesterol removal.
’Chitooligosaccharide added cholesterol reduced milk (50mg/day).
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Fig. 10. Photomicrograph of microencapsulated chitooligosaccharide with polyglycerol

monostearate. The photograph was taken at 50 x magnification.

Table 7. Effect of viscosity on different concentrations of nanoencapsulated chitooligosaccharide in

cholesterol removed milk'

Treatment Concentration (%) Viscosity (cps)
Control® 0.0 0.75°
Uncapsulated 0.5 3.24

1.0 30.27°
15 43.00°
2.0 49.30°
Encapsulated’ 0.5 0.79%
1.0 134"
15 1.59°
20 3.88°

'Means of triplicates. Means with same letter are not significantly different (P<0.05).
*Market milk stored at 47C for Iday.

3Nanocncapsulated chitooligosaccharide by polyglycerol monostearate.
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