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Food protein-based materials as nutraceutical

delivery systems
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glom o]z 213 °]52 hioactive compounds=
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delivery systemsS Zf&sl=d o 71&

(hydrogel, micro-, nano-particles )24 A}-g-o
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o]l A H delivery-sensitive nutraceutical
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Health benefitsE 7FA 3L 9= dietary compounds
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WL 3|, AHIRF 3 AE AlxAF FoR N B
Aol dide] o] ghrh Nutraceutical compounds
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<5+ (vitamins, probiotics, bioactive peptides,

antioxidants 5)& Fslhfoln o]Eo] ARS =
ZIA7)= food mgredlentsi AFLEE ot Ans

o] Wo] X% Jr} (Wildmean, 2001). Nutraceutical
substances=°] A28t 7|5l gt Ao
taixe= ksl ezl vt glony, olEs A
Foll A7ystA 2 A5 Aol gk -orl?'ﬂ‘:ﬂ Fdy
23 Aolgks die #Asix= & gEA 2

SAlE Al 71 AEe sk *Mﬂ
A o]5S A, o Y|z Gl AHE HAA
2 4 J&=E =gdor 3} (Elliot & Ong,
2002). 2 5o, At 20 o dzF thFet Hejo
ol FfA B2 AT HolA gheolE E8h
a, ofAdE] diFEe] o2 AfEY] ofEe &

A 7I7E ool HgshH, 53] AX EslEEE
o] wA7A = oF 10-1510] A~
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A ou; 2ol A9 nutraceutical products®]
FYE active ingredientse] Ao 8-S dnht
HE JFsdrtel @9 Aok A5 Al S4F
qro] o]& 7hsalAl EH=dl, olel tigh olfE&
9 QoA AFAIRE F= g e Fae g
S T5 HES AFE T F (RE
o i} gastro-intestinal (GI) tract (pH, &

2 Y] EAhelA Y] P Hol 55
S gk o]E AER <le)M nutraceutical
molecules®] &4 52 7A74H olf & A}t
= 2471 "k (Bell, 2001). wEkA ol2fdt =3
< delivery 3171 $I8lAE= =2 Ul protective
mechanisme®l] 2]3l4] active molecular forme] A
A<l target =2 T3l AvEE= B FAH
ofof Bt} aRA= 7]E o2 3l delivery system
of #a|x= SJokE ol EdetA Ao
bioactive compoundsE X3 F53k=H ©]-&%¢]
gt} (Langer & Peppas, 2003; Peppas, Bures,
Leobandung, & Ichikawa, 2000). Delivery system
of B2 3 ARAE o] ESASlE et
GRAS (Generally Recognized As Safe)oll %]3ts}
2| eFomH A3 A83h7] ofjrh

AFE A, 53] A% g A
%A 7EA7F Ea GRASOl A sty wli
formulated foodel] R¢IeHA AHEHTh B2 A

FRAMAE AF duMEdEY] VA, &

0

o P br

=2 o2

emulsification, gelation, foaming, water binding
capacity o= HIZE3t] A% Aol QloA] 4
Qoo A ol #aA Axh (Bryant
& McClement, 1998; Clark, 1998; Dickinson,
2003; Walstra, 2003). ©]&]gt 7154 FollA 53]
A g7 59 (gel forming property)> B ¥4
o] gide] ol gtk Ae] tieket AA mAlT
4 44e Ao molecular chain®] 3
rosl 34 FPseb] i, ol S
1

ENF

R
roll ol
ofN

ox Mt i
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9] 2l 2 sensitive nutraceuticals®]
&3t GRAS biocompatible carrier?]
S AN 4 vk Protein hydrogel
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ol

o] food application®] 1A 74 Helskar
A AFEEE matrix@kal e Aol 9
o217} ¢tk 234}, non-solid % semi-solid
foods®] 7%, food sensory qualityol] 33FS FA
231 incorporation A7]7] €3] matrix sizeE %}
Al &= ol F23 (Augustin, 2003). B
83F AL wlo]aE A7 Y A7|E matrix
sizes 2 o= A A delivery property S
Zt= N Z% protein vehicleo] A= Zolth
olgfgt HxE sy HdlAe= dA F A
b Hawwo] o] 8HaL glvk A WA= "top
down’ approach®A, bulk material& 2HA] Z&7N
WhHoly & WA= ‘bottom up’ approach,
. self-assembly7} 7}Fa3F EA=RE A Fs=
otk wide] =ejsels] Adds 7Eew
atod, o] review ¥=irolAl= A o] nutraceutical
delivery systemol|A9] 7|22 A&F= Ao #
A =oJ3kal (Fig. 1), o859 &5 ol A
7|7} MR = FEkel delA Zrxstazt &kl
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Fig 1. Schematic representation of food—protein—
based materials as nutraceutical delivery
systems.
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II. Protein hydrogel

Bioactive molecules R 8FAY 4317] ¢35
A ohst sl JREEo] st ol ok
& A5 T thEAQ A=A hydrogel <t
9 BAES trapping 3= AL & F k. &
3] hydrogel®]2} &Hd hydrophilic polymer7} &2
kel B85 f3te] network structure= A3}
A water-swollen networkE HAJ3H & 23t
tt Qu & Park 2001). Three-dimensional
networks covalent bonds, hydrogen bonding,
van der Waals interaction ol 2J3] wAsh=
polymer chain 7F2] cross-linkingS-2  ©] &3]
=24 EF ol o8 AdEY (Kamath &
Park, 1993). At 107F 9 3HA] £-& oFstA ol A]
hydrogelell #eF @2 A7 zldse] ghew),
o] H|X3}H ¢ PO RNE S BEE M
oflet sh= Fow FEae Aol 7hssh|
ol t}h (Qiu & Park, 2001). Drug deliveryel]
dato] hydrogel S Ax=a}7] 918l B2 o] Al
AlEo] gkt (Qiu & Park, 1996, Philion, 1997;
Qiu & Park, 2001). Drug delivery systemel] )
A= g f8ak, ZiSle]l AFsHS wl GRAS
2 B3] oHE EEES ek 7] whi
o hydrogels 2%l AFE-Sh= dle A7) 9l
213 A]Jol M=, food proteing  nutraceutical
delivery systemell AF&3}31S 7d-F- food texture
£ P = lo) AE Azl el mi-
upe2 gk UERdTE  EE3E polypeptide
chain ol &A= 4Hd7] (carboylic &) 2 &
Z2]7] (ammonium -5) 5 9 pHe| ¥s}o|

)

e}l protons S TR X UEE L e

= [e)
EAS

= £E5 24 F v (Qu & Park, 2001).
2% old E3] globular protein (egg white,

soybean, and whey protein 5)& gelation A]7]4

(Bryant and McClement, 1998, Clar, Kavanagh,
& Ross-Murphy, 2001, Clark & Ross-Murphy,
1987; Ziegler & Foegeding 1990). ©]+&= <=l
oM AF7} 7FseH|, thermal gel polypeptide
chaing  unfoldingdte] <ol @ hydrophobic
amino acid residue® =EA|7], & vl B}
S0 self-aggregations 34 A% three-
dimensional networkE Z&=d], o]u] capillary
forced] &J&] W Zo] entrap ¥t} (Aguilera,
199%; Twomey, Keogh, Mehra, O'Kennedy,
1997). ©]#38t aggregation process®l ¥ H force
ol &= hydrophobic effects, van der Waal, hydrogen
bonding ¥ covalent interactions 5& E &
(Ziegler & Foegeding, 1990). #|Z WHe| uje}
gel& 727 thE microstructural propertyS e}
Y=t o]= aggregate molecular structure$} =
Hol 9t} (Lefevre & Subirade, 2000). L& },
ol2lgh gel& AZxsh=tl o] Hasty] o
heat-sensitive ingredients 529 &0 <k
o] o] Utk

Globular whey protein (Barbut & Foegeding,
1993)3 o= soybean protein (Maltais,
Remondetto, Gonzales, & Subirade, 2005)< 7]z
7} &te] @A suspensionS A ZF3F Tz o]
=5 AKreEM WZRL=ASt (cold-induced
gelation)7} 7Fsalths Bazh gtk o] W=
7ta7gol dashd|, 7HdsiAl =W wuigo] A
g3l soluble aggregates®  IEA}FATE o] %
Wztstal 9s Akl HW s S 9k
(Ca” ~mediated interactions)S 3 matrix’} @
A=A F} A2 A pre-denatured whey protein
S gelationA 7154 9loJA] Carboxyl groupd}
Ca”7+e] cross-linking 712 #a|A] Hag w}
of oatd ol2AFe] A7 F s sk A
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o7 dEATY  (Roff & Foegeding, 1996;
Remondetto & Subirade, 2003). Cold-set gel
Azgro gy 2% o] W7FsE nutraceutical
compounds®] W3 carrier®=A ¥wk olyT}
functional food ingredientsE 7f&sl=d] 7]3E
Aledt Aol drk o]e] A3S ddo] Hgx
UM Tk 757150 =F5o] nutraceutical
compounds % polypeptide chain?+9] interaction

(hydrogen bonding, hydrophobic interaction,
electrostatic interaction %)o] %A 3}
nutraceutical deliveryell 282 4 Q= 9 Utk

PAKRS

2=

o], B-lactoblobulin - (major whey
protein) 8- ferrous saltE A718FHC 24 cold-set
gels Az, o] 79 mineral 2H% = F

Folglal 3t} (Remondetto, Paquin, & Subirade,
2002). Gele] 71A4 A4 9 wAlg-24 749
A 7 FEe] gelo] AlxE ¢ jlew,
iron/protein ratio®l 2]&%0]oA iron T=7}
L& S0+ filamentous ' gel, &, Ui 54
¢l linear strands® T-/J%]°] elastic behavior %
rupture] gk = AREES 7R regular
networks 7H gelo] FAERN S, fron F=7}
=0 Qo= 'particulate’ gel, &, T TjF-E
T3] aggregates® T/J¥ 0] elastic behavior
2 rupturedl] gk Aol e gele] FAHH
(Fig. 2). FTIR % =44 A3 FolA Hojx%o]
nAlF2A 48] Aol aggregate molecular
structure®} ZsHAl A= o] Qlth (Remondetto &
Subirade, 2003). Filamentous form< hydrophobic
interaction®ll 9J8l %% structural unit®] linear
aggregation®] °Jslix] ¥ RHA, aggregate
forme van der Waals forceol <J3] #loj&
structural unitel] ]34 "JV*Q‘:} &5 s
Ager Ay olefdt wiMTFEReE 3 27, S,
pH % Astas ol gk 7 7-}15 zpol & QlalA
iron deliveryoll F& S FA H, o]#3t

1l
=
VS

filamentous gel<> iron transporting®l] =2 matrix
& AREo] ole] Fll {83ttt (Remondetto,
Beyssac, & Subirade, 2004). Cold gelationol] 2]3}
gelol w2 2 TlsAds xds w4
nutraceutical % functional food systemel th3k
water-soluble delivery device®] #z7} 7Fs 3tk

Fig. 2. Scanning electron micrographs of Fe-
induced cold gels of blactoglobulin:
filamentous gels (top) and particulate
gels (bottom).

At Fdzy A8AR AE AxR §89]
7Fsd7] Wil emulsion gel# 78 composite
system®] Aol Ha B s TS
(Dickinson & Chen, 1999). Whey protein®} 722
globular protein®] 7 1E°] 7}A 54 ¥
amphiphilic A 2% 213 emulsion interface® Hi
2A FrEed, o5 AR B-sheet
5314 oil droplet Tl A4 0]
il A% membranes F/dsHAl Hrt (Lefevre

=

interaction<
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& Subirade, 2003). Oil dropletel sk 712
layer= FH®3SFOZH protein filme electrostatic
barrierE #1335} flocculation 2 coalescenceS
9=t} (Philips, whitehead, & Kinsella, 1994).
Whey protein isolate (WPDoll <]all s} of
Ao 93 o/w emulsiond] gel A FHo
o] B2 A7A3prt naso} gl=d], o= A
=7 7% organoleptic propertiesE 7FA 21
Az 7FsAdS AASY (Chen & Dickinson,
1998; Dickinson, Hong, & Yamamoto, 1996 Jost,
Baechler, & Masson, 1986; Jost, Dannenberg, &
Rosset, 1989; McClements, Monahan, & Kinsella,
1993). #oll, B-globulin emulsion®] “g==l A
gelshba 4= glom, o] geld] MAlTE, HF 54
9 71542 ol calcium 55 B8 =4 7bs
slttar HaE 1t (Leung Sok Line, Remondetto,
& Subirde, 2005). & AT E Foll W78t
fat-solubledt &AIsIAIE HEsly] flaiA] o|efst
matrix®] AR&-o]l Aghgh A of fofl #AshA AT
= 9t E3|, cold-set emulsion gel P]AlT-Z
7} a-tocopherol®] -85 Aojol] WX Gl A
Akl 9ttt (Leung, Remondetto, & Subirade,
2005). w2k cold-set B-lactoglobulin emulsion
gel®] GI condition®lA] a-tocopherol & H&3 4
o1, a-tocopherol®] &&o] F 7FA FH9
emulsion geloll ™3+ matrix degradation¥} ¥ o]
A= AL S =, ol molecule delivery
7} gel biodegradation®l ¢Js] =dgtl= RS o}
ebdit) o] Yolr), gastric step 5 o]#]3F geld
degradatione 20%0°l E3}3Hd], o] matrixE©]
gastro-resistant$ A2 2|u]sit). o= B4 oil
droplet®] gel matrixe}e] HHE-oll o] 9lom,
three dimensional networkZ 7J8lshi= o= o
E ) (Leung Sok Line et al,, 2005). olol thgh
At obA muE dAlo] 7 SHAIRE ThsAd2

5 =tk

Globular proteing geldlsl= AL Fshd &2
297 Al slolA, tdFd reviewe] FAI7F
%o} 9k} (Totosaus, Montejano, Salazar, % Guerrero,
2002). olefgt T = whEo)Zl hydrogele] 7H
g F =2 fat-soluble @ water-soluble food
components (3-8 health impact® 7412 94%)
entrapalil, ©]#13F componentse] A FEHZ
sh= 582 ¥414<1 functional solid foods
Nal=d] o]gHoloF gt 1= Etet
12, gel molecular formationoll 2114} nutraceutical
ingredients®] 9&-& olsslal @A network!
A 15| WS A8t &
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. Micro- and nano- particles

Hydrogel %t ofyg} 1@xks 7]Eo= 3
particulate system® active molecule delivery
systemell @& #4le] dido] Ho] it} (Brannon-
Peppas, 1995 Kumar, 2000; Varde & Pack, 2004).
Micro (sub-micro) particlee]® L¥bg o2 1000
melske] EZZA polymer matrix <tell solid,
liquid 22 gaseous materials 5©| encapsulation
o] ALY, wHe 2 52 conjugation® A
5 9n)Et} (Allemann, Lerous, & Gurny, 1998;
Langera, Coestera, Webera, Briesenb, & Kreuter,
2000). oAZel= Egk ubs Uli= 57 ingredient
= masking3FAY liquidE solid2 H3kst7] 930
A ARRERoL HE EolAE o]#]3h particles
£ o]83F9] nutraceutical compoundsE delivery
skt o]-8% i 3tk (Gouin, 2000; Shahidi &
Han, 1993). °l&5 ARESIES Wl 7P & A4
incorporated materials®] $% £EE Aojgt
glom AAs For AA3 A7t deliver’}

58lthe= Aolt}l (Schafer et al, 1992). ©] 2%

N4
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nAEA des dstow 5‘1 78tk kA
particles:= core materials (3 7H 2 o7 79
ingredient= ©]Fo1%)7} wall £ barrier &%

(Y =2 Edst Single—layer 3O multi-layer
2 o]FoR)E Fesl Fej= EAlg (Pothakamuary
& Barbosa-Gnovas, 199). Matrix &3], o]ojA
core?] §&& 77] T2 Agte] AAA et
H 7] ERE QlEiA vk s TR
particle®] A|Z7} 7FsshAl HWA, core EE 9
45 &£, A 55 2 E28N olugk polymer
matrix®] ¥ X AolE 7hsshAl HAUrk
(Amidon, Levy, & Labhasetwar, 2003; Berkland,
King, Cox, Kim, & Pack, 2002, Hori, Onishi,
Hiraku, Machinda, & Yoshiharu, 2005; Torrado,
Nlurn, & Davis, 1989). Y%=7} & particlest <
W oz ol AIZF B HH3E] core EES &
A7 vkl dEE AA & B A )
1 (bio-adhesive improvement) T <1xp7}F Yehd
T =, , adhesive force®] =7} %
AAE Gl transit time 55 & 7 YoM o=
QA oFEe] Al APAES =Y T Atk
AE W g Zgitol & W opue}, o
A 7HAAL Aok olE gk 7]
KR

)] 7<1

qEs =

o,

fﬂ
o
O

< &3

o s ¢
encapsulation &=
otk A 2097 delivery system© 24
oild microparticled] #a|A WS IS 7HA
1, gelatin  (Franz, Pokorova, Hample, &
Dittrich, 1998, Paynea, Yaszemskib, Yaskoc, &
Mikos, 2002), collagen (Alex & Bodmeier, 1990;
Rossler, Kreuter, & Scherer, 199; Swatcheka,
Schattona, Mullerc, & Kreuter, 2002), casein
(Latha, Lal, Kumary, Sreckumar, & Jayakrishnan,
2000; Latha, Rathinam, Mohanan, Jayakrishnan,
199%), (Sokoloski & Royer, 1934,
Tomlinson & Burger, 1985, Yeo, Lee, Lee, &

M
op
<
off

off rlo

o_>|:
o
=

bioactive compound&
£o mg BAA Agol 7}

s

o -'

—

rL

albumin

Kim 2003) % whey protein (Beautieu, Savoie,
Paquin, & Subirade, 2002; Picot & Lacroix, 2004,
Rosemberg & Young, 1993) H]33F ctokst
animal protein ¥5F o}Y2} soy glycinin (Lazko,
Popineau, & Legrand, 2004), zein (Liu, Sun,
Wang, Zhang, & Wang, 2005) 2 wheat gliadin
(Ezpeleta et al,, 1996) 52| plant protein®] AR
o] gt} Proteinpolysaccharide (Chen &
Subirade, 2006a,b; Vuillemard, &
Subirade, 2003) % protein-synthetic polymer
(Arbos, Arangoa, Campanero, & Irache, 2002;
Kasper, Kushibiki, Kimura, Mikos, & Tabata,
2000) & 7 7HA o] AdiowE 3% matrix
1€-3F particle®™ A=At
WAS 7|2 o7 3 micro (sub-micro) particle
Axg A g 2780 AEEAt 7P A
ol 7] spray-drying (bruschi, Cardoso,
Lucchesi, & Gremiao, 2008), emuilsifying— crosslinking
(Ishizaka & Koishi, 1981) £ coacervation

Guerin,

(Mauguet et al., 2002) 5= € & Ut} A%
olef gt 7]"%% @.%0}7] AsME FA Fo 7}
4 32> frles sl7] wiitel wizhek

core material®] 7% ﬂMﬂ WS 8 oluet 2t
FOA7IER Qe 54 EAE opE 4 vt
(Birnbaum, Kosmala, Henthorn, Brannon-Peppas,
2000; Bodmeier & McGinity, 1987). YollA A3t
ule} o] FHZoll cold-gelatin method7} 7HEH
Al A3 AkellA el @ microparticle A 3ol
B 7lolE s HAh o] MHE AREE AT
71 &7 deskA] dow, mildeh Z3elA

encapsulation®] 7}&38}7] W&ol core =79l

nutraceutical compoundQ] = FHAsEE 5 Q)
th= o] k. v 83k 212, whey protein}
O

78 globular protem-J < pH, o]2A47], % &
% 59 kst o] we} denature, dissociate
9 aggregate® 7] 47] W&ol 40 nmollA 2 mm
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71 teFet =5 7HAE= particde?] AZ2=7F 71
otttk oleldt JAS o5t 54 d=E Ut
A& active molecule-loaded particle®] #zZ7} 7}

Chlie?

IV. Microparticles

gulzS 7o g slo] A|ZH microparticles
thekst A8 7ol 9l7] Wil ingredient”}
hydrophobic, hydrophilic, 41#]¢1& microbial $14]
of ol #Aglel AME- 7hssith ololA vos=
Gl A= cold-gelation BPEOl &l A=z tf
&t T 9 YEE UH, duEs V2o g
microparticle®] dvulut AHE target F-Yoll A&
o] | dwh} BE sEo] Sl=Aol #efA v
T} ghek(Fig. 3).

>3
‘ "4

Fig 3. Fluorescent micrographs of food-protein-based
microparticles: (a) microbeads (1 --2 mm);
(b) protein granules (10--20 mm); (c)
proteinalginate beads.

Fig. 3a= emulsification/cold gelation process®ll
o&] A|Z%E micro-beadE YEFATH (Beaulieu et
al,, 2002). o] W emulsifying steps A% &
pre—denatured whey protein®] ZHzoll 2]3F gelation
S sl WS 7)Eo® a9tk Bead: AY
Ao 7 'top down' approachol] 234, drop-wise
extrusion A1l ¥ caldium chloride(CaCl,) solution
of Wojmmgo gy AzHrh Az 2 s
micro-bead®] sphericity ¥ homogeneity 5°] &

A 5 glen, CaChel s=7h S7Hdss o

T S zH=t}. TEM (Transmsswn Flectron

Microscopy)oll &34 beadd] WH wAFZRE
A3 Ay gel protein network W0l Y3
Al ol globuleo] X3 AL & & Atk 4
AR, CaCl, =5 =olAl =W fat globule2] =
715 oAl Y-S TE Ay IR ==
gelation kinetics”} %1
o, HH} entrapmentﬂ 7Fs3HAl ¥ A, protein
network W] droplet ¢Fd4do] Z71Eth Ca¥' ok
o] ol =W dropleto]l FEE @A} Ca”
7+e] attractive electrostatic interaction®] <715}
Al Hol FrolA e e] gt glo] bridge”t ¥
g¥o]  aggregationo] AoubAl ¥o]  droplet
coalescence”} BHAISIA] 9Al == AHolt) Swelling,
elasticity, deformability 2 3}jol] ofst &g
Zo] 4Ae pH 2 AF 2o e v H
t}. FTIR spectroscopy +4] A3} beadE A
749~ whey protein®] secondary structureol] <33F

-

13l networkS 2

S T BARE A AFE B-sheet structure”}
PAHEH. HEHow Fh o) TlEsd 2
I} beadt gastroresistantd}il, A|-8-4] bioactive
molecule (retinol 5)& X &3k matrixZA] AR
7V Aoz FukAnt 15 pepsindll diE] 7
& Ads dehlfol &< aromatic amino
acidell AEld o2 Whg-aA]Tk pancreatinell <] 3]
A= gAs] BalEA] @A, bioactive compounds
o] k3t &&& friegth olfd AR s
A] protein microparticleg A2 24| $|(intestine)
o] pHoll W17s 248 HEd 4= glo] 9=
24 o] 715slth 3 whey protein® 7%
Abstel] RIzkel vlEpdlolt -3 AAF 5o =4

B35 AHE 7Fssithal gtk

Fig. 3b= emulsification/cold gelation B oll
oJ&l AZ¥E microsphereE FFdAn|Aow B
3 212 YEPITKChen & Subirade, 2006b). Alginate
otof] #A3HA whey protein®] EE% o

il

matrix
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AT AS HAFr) o] WS el 2w o
O RRE ZHy o] o] vhilA gl SEEE A
S V¥ oz da k. o] AgA Aoz Aks)
Ao ZA A=, o]Zle] Ao R o]F

4
Hol Zs &FA7]AL gelationo] AR
(lencki, Neufeld, & Spinney, 1989). ©] #H-S A}
EFoEM AL QIEE zhs @A beadE UF
kel 4= gtk a2 5 emulsification 215
ZA3AY, emulsion A4 WU dispersive
2H8AY, 52 =% ol EWLEY
interfacial tensions $57] 9138l surfactants %
71t o 24 bead size:= 24 4= k. tjF-Ee]
microparticled] tHalA 2k 80%
encapsulation efficiencyZ 9 4= ¢l

Fig 3ct transacylation ¥he-ol 2Jsf 2%
o7 AZAH protein-alginate composite beadS
HolFE= Aot} (Guerin et al, 2003; Levy &
Edward-Levy, 199). o] ¥h&o= <QlajA] whid
3} alginate 7F2] amide bond”} B4 ¥ 3L bead
ol membrane®] WHEO1AA  gastric pH
pepsin &0l AEFS ZHA == Zolth o|zsh
AT A3} hifidobacteria® &3 geloll immobilization
A2 A3} simulated human GI tract 7 &4
O Aggdo] g A RIS ol membrane-
coated geloll encapsulation A|Z “d-%- probiotic
bacterial®] AEEE FY F Atk A& o9
ot} AAE, o] matrixe carrier foodol|A] Rk o}
Y} QI7ke] Sl E Alite Heeh 4= 9ok

HellA B de} o] micron TH7FA] Al
A3 particle AZFAE 2HT 5 glokd 4
F W S5 olgst] 24 =49 in vivo

delivery2] 7)Aol 71eg 4= i},

[o

forceE

(@)
o
>
1o,
i
Flo

&

==

V. Nano-particle
19803 tHe] "micro’ ol A¢; 2] 'nano’ 9] &

9] dimension—reducing technologys YERH=
o]t} (The Royal Society, 2004). Nanotechnology
2 100 nmeleke] 754 A4S ke 2SOt
THLan et al,, 2005, Vo-Dinh, 2005). H]% nano-scale
particle©] therapeutic system ol Zo] -85}
om o] o]gle]] thekgh system Eo] ZLEo]
ovp 23 AFel] ejA] o] nanotechnology =
oA o R wfg- A= Eoko|t} Subcellular size
= veh7] wiEel] nanoparticles nutraceutical
compounds, 53] functional lipids (e.g. carotenoids,
phytosterols, o3 fatty acids), {3 Ak 2
TFstAl A AREEE eEY) 22 gslw
7h vk =458 AAAEAES skt vl
folait). o5 intestinal clearance mechanisms
o] e aAFleZM GI tract ellAe
residence times AAAIZ 4 ot (Kawashim,
2001; Peppas, 199; Arbos, Arangoa, Campanero,
& TIrache et al, 2002). °]5< fine capillaries=
oA 22 g kA AR = Qloh

A 52 4 32ARE 7S E 3 nanoparticulate
system & AFARIONA o]& Jledt Ae=w o
WzlS 7] o7 3 nanoparticleo] B A9
tiide] Holgk=d, o5 At ulg- da o
XS Aol 4 7] wiEeltt (macadam,
Shafi, James, Marriot, & Martin, 1997). °]&%&

283} polysaccharide, lipids, 2-& t& &2}

H

9} 3 composites AZe 4 At (Weyermanna,
Lochmanna, Georgensa, 'Zimmer, 2005).
Nutraceutical compounds®] bioavailability S 7H
Astr] QEiA, FHE AE AbelAE 7159
nano carriers Gl tractollA =&38h= AIHS

AN e glek olF s
[e)

b ol

EHS 3Ys=d, o] F$ nano carriers9
adhesive properties 2 GI tract WollAe] 9& 5

o] e o] olf+ PY v Eo] sugar-
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residue-bearing sitesel specific 3t binds}7] W
o]t} (Goldstein, Hughes, Monsigny, Osaa &
Sharon, 1980).

Nanoparticled] T84S FRSHA =H 77sh
nutraceutical compoundsS H.E3=d 2 S
st Htk B Atao A+ chitosan nanoparticle
ol B-lactoglobulin (Blg)S ZH 3 v} Atk Blgo]
8 592 pHel - wige As gl
ol Fake  Fg B9t chitosan 7+
electrostatic, hydrophobic 2 hydrogen bonding
interaction o ©]al ©]Fo|%Ith. Simulated GI
tractE 314 ©]E nanoparticle®] §% ol
HalA Z2AFsFIT) Native Blg—coated nanoparticle
o] ¢ gastric environment ZAA &3 A3
37 JdE Ao® HuEAthk Pepsin 3
assayS &34 native Blg®] 7% denatured Blg
o ZHg o3} cross-linked¥® denatured Blg
of Hlg| AF &L pepsinol] A&Ao] Erh= A
o] it olgt FAL native Blgo] -
o hydrophobic amino acids?7} W% globular
structure®] =74 2414 pepsin®] &4 WA
S5h=d 7118 (Morr & Ha, 1993).

ol whey protein®] Sa]3}sta el AdAlo]
2 AWHA bottom—up approachE =3+ protein
nanoparticle®] AZ7} 7Fsslixt) Fg. 45 thermal

aggregation process®] Q¢S F= CAAES

e

Zgto 24 Aojd whey protein nanosphereS
Ebdtt  (Leclerc, Remondetto, Ramassamy,
Subirade, 2005). Submicron Z7]9] aggregatest
TCAA Ao e Z¢ 4 did 5=
Sol|A] dojd 4= Q=) o] %= B-lactoglobulin
9] denaturation =%=(¢F 74C)HT} vk 2wo|t)

NanosphereES 5243t 79 zeta potential k|

o LMW

5mVE UEhiglon, o] Jrdow we EH
A2 QAslA 4ToA AHolm T Uz R

dispersion®] 4t} ©]# 3t aggregated structure
of Ffsl= A3 QAE+= covalent bonding,
hydrogen bonding, hydrophobic interaction, ~Z2]il
van der Waals force 5 5 4 S+l (Clark
and Ross-Murphy, 1987), ©]E9] gel 84 T8&
turbidity Z4< &siA #&E + vt

Caco-2 Cells

Fig 4. Images of Caco—2 cells after incubation
alone (top) or in the presence of
FITCabelled nanospheres (bottom). Picture
on the right shows transmission electron
micrographs of nanoparticles.

°]%& nanospheresE°| 4758 carrier=4] 9
ZAAdel B fluorochrome-labeled nanospheres
ZF] interactions WEAFOZA AFEo] gt
Fig.4% FITC-labeled nanosphere”} 71} (of2h)
2 glE A ($D)elA9] Caco2 cellsE HoE
t} V| UAE, nanosphere™= A|3E9] FHo| 33
37|19k sh= Ao] ol i AE YoM T Bl
28t 23S F3lA whey protein nanoparticle
X YRR S0 glom 1 QkellA Ea

%o} nutraceutical compounds& §&AZE 4 Q)
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