AE LI EX

Food Nanoparticles

HRE X * | JIH
10w (==
Dong-June Park*, Bum-Keun Kim

REREGED
Korea Food Research Institute

= Aol e Zlojrk 1Ev ‘top
down’ A& 234 2 7] YileES AE B

o wWeb RO R AEe] 8]0 felstoi
R 4T JeRAAA) Az sl
A v Sk

NEL ULIjs

AEARGe g Ve le 280 753 AlA o
g AFAEC SaiA <IAEo] gt 20004 o
Kraft Foods 2|44l 2lore] v s
A-st7] sl 1574 et 9 71713 7] NanoteK
Research Consortium-2 A% 3} th(1). NanoteK Con-
sortiume]] of8f APEL GlE ACEE Y Ak o
FY ST o) AREE AF dEEoE YgAe] ¥
el 71%3led AAF] 7Fse filter FOEA A=

AA T AR 23 E A &g 7 Fol 7t
SEHEE ghogn, it Fee] AlES AU
Agst 4 A 2 dgolth2).

w)=tof| 4] 7]# =+ National Planning Workshop
M= Thokek Hopoll A 21F Al2E 2 FE U1
317] Yelia B =Ao] XY= e, A 2
AA L) kAd-g sl 98 virAlA,
Ao F2E $Isk verirte] 2 2 smart delivery
system 5= & 7 UTQ3).

Moraru 5 (4)& Whe7|:€ ol A5l o
& & ql= F29 47l Rokz ARe 75A B
o 7P, mhola R H Uk RS T4, A N
AF okAAdE 18 W32 xH(nano-tracer) % W
Mg tizel 58 T Qlth B A7AkEe] e
7o) AFE EajA v, XE B eeeslEot 2

A FEAR T o] 5] A7} Fself-assembly) ¥

= oo
AE 4=

=
A HEAE st 5 A HR AR A A3
& 2F UL P A SE A 2 =
+o] & Zolth

Wier1es Seap | B 8849 ThAE
o) AF} 7rsshd a0 JEE auE &

Corresponding author: Dong-June Park, 516 Baekhyun-dong, Bundang-gu, Seongnam-si, Kyonggi-do 463-746, Korea

Tel: 031-780-9132
Fax: 031-709-9876
E-mail: djpark @kfri.re.kr

ﬁ%;bjs&ience and |ngusiry [Vol.41 No.1)



18

AR T2 Aol g 5 A ok o)t &
= %ﬁﬂ“ AR 7igol] npold 2 e stoln,

AEMNES IEX 507 I35l RS BT
&5 A F|OKT). 7154 2ol doi 2 #
Aode] shuis oleid flests Es8 A ‘”7‘4
g FelA 7154 AR £%0] 7HssleE o
22 A P3E FUAT AL A= 71 AR
£88 Zis oIk, 9)

e @AY 2FAENIA S AR Al S (P,
gt A4 3 f3A 5 E AesE E9 43
ke 7397t v Akl Aol dalo|ug AlEA
= AAE HEZ(core materials) 2 o]843l] 7i&3}
oM A ol 8EZ st F etttk

EA] 4798 NanoteK Consortium-2 )7k v}
olFE 9 Wrlest 7leg ojfsld B2 Al

WS sigkon, I AEEE () MEE Hedt 7)e
¢l colloidosome ¢] A%, (b) T2 AASE H5 B
Acoaxial electrified liquid jet)& ©]-8-3} vlo]a 2
2 el Az e 55 & 5 U10).

Hi

af

L 2

ot

ey =R HE TR

MR YeEAe AXE ‘top-down’ &
‘bottom-up’ A gl 2Js)) o5} ZIt). Top down
WAL BAQ wrgel ookl 48 8RS e
HA7|82 AZshs AL oujskzt], o] Wae] Wy

+= $-3)(grinding, milling), o) X(etching) & )&
Z1ejul(lithography) Fo] dA] AFGAHO=Z o] &5
SITh 35 Lhesl%e) o) we), “bottom-up’ A
2] o) sapl B Row aped,

Top-down BHA& 9]He] 3)L ol g 7+
2AFA, Wl 0|22 o g B vt
g Wsale Aot oju TA] ks 1A
A A7 22 dille EAEA @9 s &

7 BT Ad7te] BEAl= owdl ZAZAL A

T~

shovjol ule} AT, Anko . HFwel i
BEE AE2A 754 AR dao) gt %

_?OE 7}%] Ezo)A )\]-q{xq_i zre Jﬂﬁ%}_“
£ VERH W2 BUAE 717 93-S ojushy, o]

NS AR 380 2008

2 <lg) /“”&J 4, WIEAY £5 A 34,
Zd] 84 58 a3F 02 Sy 4 Al "ok
154 2 AEY FAL A
& A2E ouidpylel, s8] w 7R} AR
A "ok

AREH O Z JIEF Zols WPEOEE IA 37K
e E BRI 5 9lom, %}i‘}ﬁ(compreqsien) =4
€ &tk 59

‘%J_EUH U=

A9 4 A s é?
Azshet] 28 AT JU}

vhe-8 A A4 7F=3 ‘top-down’ 2
A A otk

EEE 7L

~ 24 (Milling)

AE] YAE AT TP Ao T A
e Aol afjelH, rlo]aE 99 YA} AFA 7}
A Uk 0 2 AREE= o] E(ball mill), AEY
(jet mill), B]=Z(bead mill), YHEZ(impact mill)
Eo]c}

Bale wlyhgel vy SRR A e (water
binding capacity)< 4| dlod ahrke} EA1S =714

7171 9180 ol4-571% K11, 12). 1,000 nm F7)
of =R Re] A9, QJore) 43h ¥ Bl A
olojA] fallgAdatie] AAd e 848 vERlo]

A2 ABHSOD) EAE 7HKITh Uyt H3RE
o] AAIA S-S 2.5%107g9l wh 1,000 nm ©]
o 2719) M =HERY AS 0.7x10°~1.8
107g& vfeRfo] o 100w o)yl =& AaE et
Rli= LQO% ATk

AEYe] 79 HAE B9} 7k ZojAidte
ko) 7}}0;—}@ L= oz =4 1—&}]713{ﬂu1d

energy impact-milling technique) 2 E5F¥th o=
AR el B S8 R A e g
FheFol At Alzol ARSHH(13), 5-10 pm =7]¢]
AL E 7H= =2 7hal 9] sucralose ZH0|F A 30

- o] S-HTK14). ©] ¥hgel 23l A=E AAle] HF
i Blo) ule} gelAln, 1,000 nm H7HA %
7FsstEE FEEAE 59 AW s 913 AA
2] ¥ o 2 gaur|n sei(15).



a3 AED T Qi 2718 AN deed

il

229 7154 9 o84S Sy Bk ol o
TEAE AT AA Axox o)f vhsshh H
o= 10 um 5529] bead 7} 7fEkE]0), B)=S o)
354 el o vhe vgAl Al g kel ¥
g A-prb ] AE T ok ey 9 vies
A Az BE7719) 49 =) AlgE T gle]
A, o] Fopllx] X dal Al =7kt Al o] whEg Rol
1 ok

[e)

G+ A2 YEE 2k oldd A (emulsion droplet)
o A7} 7Fs ek 319 sollA] 1A ] E8-2 Alolst
Al = o] A7IA HE 848 288 Aok

vl Adl-§-F 3K microfluidization) ¥ W B 2 7] 9}=
o] Hed, ol v A d -7 Z(microchannel
architecture)E 712 F-714 91 Mi(auxiliary cham-
ber) £ Q18] LAY El= A A3 -5 d Hcavitation), %

B % 329 59 ANE Qo) Aa B4k EL

Wovly T

o= 2,700 bar®] §FEslo M FAo] 7hsst o
+ 10 nm ©]&}e] AshES Alzsl=d] o] g¥o] gt
o, A/ ofoRE okl QoA o] FEE e
o] 3-gof gt B AldE Zlow vkt

Kwon 5(17)2 1,000 bare] Z70x £-53} 714
I Gof=ilisolvent evaporation) 7]4-2 sl
coenzyme Qo E+f- poly(methyl methacrylate) nanoparti-
cleS AZHOW 95% olte] e st a8

(encapsulation efficiency)g UERIUL, EAE &=

e IRV -+, R R T, ST e S

1Tk gk
JeAAs &S o83l HPMCO| 9] vhro)
Wo] Az 7Realri(18, 19). ¢FEe] 900 bardl
79-99% o]AF] 9AFE0] 150 nm o)8he] YL
2 Jeplglon, 1,600 bare) 7-¢- =7} 300
nmm AEF Z7se=d], oje 1,600 bard A=
HPMColl €J3l] PgAde] fA418 5 8- Sn|gich
LR iR} A 2] Qloir] BA S (formation) 3 8
A §A(stabilization)7} B 203 olx}2 285
W, HPMCol ]38t ol 42 oA oil-water A<
EAjsls JERle] gkl wie) 21 BA3o] ZHrt
olgfe] 19 12 B AygolA A 23 polycapro-
lactone(PCL) W@l AFMS o] &dle] FHe
g ARRlelTh20). Wit Y% 50-300 nm
S8 ¢og QRA7E 100 nm FFELE A
FE JeodEe U3 HeE €88 Aol

2]
©
N

- EST oflZ¥EeHUlrasound emulsification)
2= o] AR B2 § e HYE dold
J9(> 18 kHz) & L&A g, 283} ogdsh=
fraklel TA sl ZRulUAE 71 73S A
o] 7Fgstk oldl WA W} ZF71(imploding
cavitation bubble) 0.2 <3| &ul| Fjoll= & 54
Pt A, e &he] FHHo R Qs JHH
N Fo] thEoiAA] Hrh ofnf ZF7iEoe] sh=HA
B Sl ke - tzola] 1,350 bard]] o]2TH21).

%l 1. PCL LpRIX[e] AFM OJOlX].

19

:LFood Science and Inclustry ‘(Voixﬂ No. l}



';730

e Ced‘v

\c\

Abismail 5{(22)-2 229} o gH3K20 kHz, 130
W)E ©)-8-3)o water/kerasene/polyethoxylated sor-
bitan monostearate(Tween 60) T LA AE-S 7)ats}
Atk o) W A A7) oAgAs} AL FEA B
259 5 2 Y T Sl s g3k v,
L ko) 0.06, Tween 60 =7} 10 g/Lo) 274

oA 3027 A EASIYE 79 300 nm ] UL
Zhe AEE AxE 4 3Udrk Behrend 423)1“
1,000 nm Hr} 22 Qg 2h= A4 AXE 23]
AREAAA ZA sodium dodecyl sulfate(SDS)E, ¢F
AEA FEAd 52 Zlddd FEEPEG)S
ARgER e, QEgAe) Aol weEl Y U 7
A3ATE 259 o gAshs g Zétﬂg o]-&-3}e
FSF st 9 eREsle] tAZER o8 7Fsst
o, ¥8de] aE IS < ok 333(14 ATk

AEEoke] o8 o2 ol dshe AAf e

7154 AEaA Y] H7PL rhseh 28uAE] 58
ol 88t TRHE9] A3l AR 7 (24). 3 g
e} =R ‘]Eﬂ]i(French press) S ©]8-3k 6,000 psi
o] & FAlo A3 100 nm <72 3 2
z&e] Zﬂ_-J F 7FssHATH2S).

I %EQ (Membrane emulsification)
ol-§& 75 v FalA £
& 01 Q o 4HA slod, o
A 2] Y- (conventional turbulence methods)34 )
g o, ¥lwE 2 e ouRE 87 F
& YEREE 7 dgd Azt 7Essit

Joscelyne 3% Tragardh(Zé)E— ok o H A3} Ve
ol-gstq O/W 031%3 Xﬂ.amo}»\-w oluf §-3HA
2= BrgeiA Bibd &2 A fE AR
Skt = 100 nm«—] = A7 e RS, 73
A =5 Z 8%, 135 Pa2] wall shear stress 2708
g upola R A719 YAE BE 4 YUtk Shima 5
(27) v ¥ oJ3(simple membrane filtration) 7]
S5 olgste] WO/W o dds: Azeigl o, 3
AL 9F 1,000 nm HEE V|

A o] 7zl 3-8 7FsS 7P 2R 3= =)

5() nm ;(«'Iig ‘”E#X:} o]ouq %} }

7= BRO. ©

N R

Gt

I

¢

—
=

]o ful

NETOI L1 39T (2008]

2 Az Awde) A 27)e o T 2719 oF 2-
109 g vepdeh 3% 44 27)e g, Ad
A =5, 2 g9 EA o] 93 3jed oﬂﬁy_ﬁ "l

(o T B ¢ = T
o28). e} o 3 Amn o 2 oF 27)
g 24 oRae A2} bsee APERE o
3 8T v 929

- 5% HUEE 95
liquid Jets)

o]3= Loscertales S(10)ol €8 319HR 7&2 A,
A 7)--5A 983 g(electo-hydrodynamic force)ol]
oJaf $HA FAKcompound jet) 7} A E = Y E 7]
Bo 2 3 v UiR] nleldE @9)e] E4 A7}
7¥sslty A7) A o] 83le) M-S sl Hst
A7, ol Wirod el e kg3t 71AFt o=
A5 gx)gch Kupia$t Hughes(30)= A S7t
NROZA 4R A7NE TAAE F T B
gk v} gtk

HAt(Electrified coaxial

- dAIE § EAEgt

A 7154 55 M) S Wi e st
V2 &85 A} slE (particle coating)& B
AR ROkl A w9~ 7EXIQ1 T S 83 FA ot YRk
o= ol ¥al wH/NE(powder surface modifi-
cation)< £3} FB)/¥E 42 pan coating ]} flu-
idized bed coating 5] WHE &2 3R &5
3k, A dA(coacervation), Al TEA}SKinter-
facial polymerization), @A 374 To| @ol] A&
sof Ti31, 32). 2 oldlE F4 38 AE
g A &4 270F sl IH 23] 84 Aa
5o EAES op|E B OP/}E} g frleuE
AR wiEe] Bl A 2 JRES A F
o 95t QbAde) A7} B A71Ho| gtk

A F4 A9 v:xﬂﬁ AT 5 e
o2 AAE Aol A2 HEFA(dry particle coating)
o, &viu} vy, & &8 AM-SHX] 2L guest

]
&
2]

&{um

"L,

particle- host particled)] £} wWe] o8] H-2}
AFIAl BTk(32-34). o3t WS olgste] S

oflxe] Ao Abeh thRRE 4729 Eui=toner



particle) AJ4h,
(thermal spray materials), |2} oJ3}7)(ceramic
filter), 224 2-8A(solid lubricant), 7] Xq—-‘—g‘
ZA|o] w1}
o] A2 = (controlled release microcapsule) =9l
Bo] ARgEo] gitk

olfe] 19 2, 32 2 A7zle) a3l Aafaa,
ol &t F-A| 8518} A 2] Y=<) Hybridization sys-
tem o) g5te] NYEH A AL AZE I
ETEAS) W EUlg EBIHEA36) sk
olE EHE A HdAAle] dlv) B3 ARt

u-"EE]-//H] ﬂﬂ] B3R Xﬂ Oﬂ24 =] U%XT

b B I = U

(electric contact materials) ¥5}+ oL g} ¥l

NE YL a5y

AR A28 TAANZ 857 )= nano silver 2

S4Bl BESIE BlEE 2 AL, 1Al AF
AAZ sl gshe A9 el WA e 1
oltk o8] AJHOZ Za] Hbo] T1seh AL

s el o g Sojxx] Bala glon, o
U219 Ao dAY e g9y Ad

3, AEE ol A S FusiA] Fel gl
© AT HekErh Tl B8l AR AAA

Soghean kull

‘ Microparticulation
PSS ===

v .

Mitropanticalatnd Wheat Bour

saybean bull

I__.‘___J
o

i
JN LT

® L & ..
i A
;(7\,~AA‘ r AT A

Compasite Fat Whest flour I“a(
1

l Deep fat frying

i

‘ Desp fat frying
——

TN

Low fat optake food ingredient Conteol

EAIE PolErhd, GAZAE thedasiel] F2 7}
e PEe thlsh ZASL gom 7)7)e] we
o elsled g Ak ol B B FEo) Fue 4

2 B4, 75 AFRA, 24

2 LS5 A (nano composite), L}Loﬂo}yﬂ
T AgAA Tl B A8 F e o, T
Az T YFE vl

21
“Food Science and Industry (Vol.41 No.3)



Nmmm carrier

Q%&

Partially hydrolyzed o oo

l R

(’ e

Crushed

| | | -

& & &

Nano composite (nana ingredient embsdded)

! Surface modfication. .1

l 1 ‘ Gobing

Dry Parvicle Conting
A - N Global composite

Coated nans composite for fond powders

J3 4. 7158 Y2 MEH HEEE fEe

W Aoltk37). HAske A AeY $HF5 K

39 ot BEE 64 2482 59
A& 500 nm =2] AAlskeE Fssl oAl o] A
e AW B% JEIF Y SRS Y
A% HFS AR BET 5+ UL RO B
Hrk olelgh SRR A Ert JheiAE B
FHEAY0] st} thaAle] Foi= Qlsle] #A|17E 4
o] {27} -8-olsl| A, nutrient carrier/excipient-8
ALY 6) 9] &7t defE Ao E o5

1000 -20

—— Mean Particle Size
—@— Zeta Potential
800

600

200 A

r-10

Mean Particle Size (nm)
Zeta Potential (mV)

v T T T T T
20 40 60 80 o 120 140
Milling Time (min)

T2 5. SARM| o3 LEAE 9l Y HERTS]

22
AT} MY 3UT (2008)

HTH37).
714]374(dry process)ol] <Jsfo] £A|7F ARRS

20 6. lomiz MIH/SENE 2y He.

C.D: S54%% E, F: 2% ®2 B, D, Fe
519} CFEAMS L[,
¥ 3% $433u0 #8 Hol Bo) 9o
Hybridization system-2 |23t 7]&<] shiE de
255 9tk E3] Hybridization system-S £}5-3}
Ko k) 484 MEel Fley el

7ol el
o g3k ut SIEkE8, 39). olefe HAZT A=A

ojeled e Eﬁ%ﬁ\]ixﬂzﬂ 1S A1 7),
SR 30% S BRAE 724 5 9
50

Fat Content (%)
[ w &
(=2 (=] (=3

=
o

SH-10H

WF-100 SH-1H SH-5H
17, I & =) K0l St Si) KM Xzt 57
WF-100: 2712, SH-1H: Z&&24|(CH5T 1%), SH-5H: 2§t
SH(HST] 5%), SH-10H: ZEER(CHET] 10%)



RTC6). 7152 1E T ARAMERe] s H2el 4%
A 2JFA] FAo]) 151
Tzt 3-80] 7158 20 2 Fekdn):

X

g

AEAR Sl YirTled AR AR
ShERololn WAl E A o] A} dhA 4] 474
SFEY QIA] o2 7hed), ol sl Hollde
BRIl AIRIs} olFofA X Qlck v} AEs)
27 Alele] AT A HERIA I A% A
off e AR 277F0] 5ol met A
i A 2 ARENE BRE G AYDA L
Ao A HGAA TS 93 AF g &
ol AAsiA L 9

B Uhles 283 254 3R] At
GACIM EZ EF0] TR 0 BH AR E o) ¢
A oae SE2HA BEE, B T HabrlEo)
AEH O FAIHofof 3P (40), Hirr)Ee] 45
AE R AF Aol tigh Ute) S8 E Uelslo] A
AW e A58 5 e AAER 71ES B3R

S o] st

Hugd

1. Watkins C. Nanotechnology and the fats and oils industry.
Inform 14: 168-169 (2003)

2. Gardner E. Brainy food: academia, industry sink their teeth
into edible nano. Small Time Correspondent. Available from:
http://www.smalltimes.com (2005)

3. Rutzke CJ. Nanoscale science and engineering for agriculture
and food systems. Report submitted to the cooperative state
research, education and extension service, The United States
Department of Agriculture, National Planning Workshop, 18-
19th November, Washington, DC. (2003)

4. Moraru CI, Panchapakesan CP, Huang Q, Takhistov P, Liu
S, Kokini JL. Nanotechnology: a new frontier in food science.
Food Technol. 57(12): 24-29 (2003)

5. Dickinson E. Food colloids. Drifting into the age of
nanoscience. Curr. Opin. Colloid Interface Sci. 8: 346-348
(2003)

6. Dickinson E. Food colloids: The practical application of pro-
tein nanoscience in extreme environments. Curr. Opin. Col-

10.

1.

12.

13.

19.

20.

21.

22.

loid Interface Sci. 9: 295-297 (2004)

. Augustin MA, Sanguansri L, Margetts C, Young B. Microen-

capsulation of food ingredients. Food Australia 53: 220-223
(2001)

. Augustin MA. The role of encapsulation in the development

of functional dairy foods. Austr. J. Dairy Sci. Technol. 58:
156-160 (2003).

. Shelke K. Hidden ingredients take cover in a capsule.

Available from: http://www.foodprocessing.com/arti-
cles/2005/421 html (2005)

Loscertales IG, Barrero A, Guerrero [, Cortijo R, Marquez M,
Ganan-Calvo AM. Micro/nano encapsulation via electrified
coaxial liquid jets. Science 295: 1695-1698 (2002)

Degant O, Schwechten D. Wheat flour with increased water
binding capacity and process and equipment for its manu-
facture. German Patent DE10107885A1 (2002)

Shibata T. Method for producing green tea in microfine pow-
der. United States Patent US6416803B1 (2002)

Letang C, Samson MF, Lasserre TM, Chaurand M, Abecas-
sis J. Production of starch with very low protein content from
soft and hard wheat flours by jet milling and air classifica-
tion. Cereal Chem. 79: 535-543 (2002)

. Jackson G, Jenner MR, Graham H. Sweetener. European

Patent EP0255260A1 (1988)

. Park DJ, Imm JY, Ku KH. Improved dispersibility of green

tea powder by microparticulation and formulation. J. Food
Sci. 66: 793-798 (2001)

. Swientek RJ. ‘Microfluidizing’ technology enhances emulsion

stability. Food Process. 152-153 (1990)

. Kwon SS, Nam YS, Lee JS, Ku BS, Han SH, Lee JY. Prepa-

ration and characterization of coenzyme Qio-loaded PMMA
nanoparticles bay a new emulsification process based on
microfluidisation. Colloids Surf. A: Physicochem. Eng.
Aspects 210: 95-104 (2002)

. Schulz MB, Daniels R. Hydroxypropylmethyl cellulose

(HPMC) as emulsifier fro submicron emulsions: influence of
molecular weight and substitution type on the droplet size
after high-pressure homogenisation. Eur. J. Pharm. Biopharm.
49: 231-236 (2000)

Daniels R. Galenic principles of modern skin care products.
Skin care forum Issue 25. Available from: http://www.scf-
online.com (2005)

A, o)&<, B Trans-stilbene loaded biodegradable
PCL nanoparticles prepared by emulsion solvent evaporation
method. 3+=21E71818] 744} s<h3), P-14-013 (2007)
Maa YF, Hsu CC. Performance of sonication and microflu-
idisation for liquideliquid emulsification. Pharm. Develop.
Technol. 4: 233-240 (1998)

Abismail B, Canselier JP, Wilhelm AM, Delmas H, Gourdon

—

23

Food Science and Industry (Vol.41 No.1)



-

,\;' o ;,; \]\\\—
% igfice andind®

23.

24.

25.

26.

27.

28.

29.

30.

31.

24

C. Emulsification by ultrasound: drop size distribution and
stability. Ultrasonics Sonochem. 6: 75-83 (1999)

Behrend O, Ax K, Schubert H. Influence of continuous phase
viscosity on emulsification of ultrasound. Ultrasonics
Sonochem. 7: 77-85 (2000)

Shukla TP, Halpern GJ. Emulsified liquid shortening com-
positions comprising dietary fiber gel, water and lipid. Unit-
ed States Patent US2005/0064068 A1 (2005)

oY, 28R, UEE AT, o5 25Tk S ol g
Wi 2l Az 4338314 40: 115-117 (2008)
Joscelyne SM, Tragardh G. Food emulsions using membrane
emulsification: conditions for producing small droplets. J.
Food Eng. 39: 59-64 (1999)

Shima M, Kobayashi Y, Fujii T, Tanaka M, Kimura Y,
Adachi S. Preparation of the W/O/W emulsion through mem-
brane filtration of coarse W/O/W emulsion and disappearance
of the inclusion of outer phase solution. Food Hydrocolloids
18: 61-70 (2004)

Joscelyne SM, Tragardh G. Membrane emulsification - a lit-
erature review. J. Membrane Sci. 169: 107-117 (2000)
Vladisavljevic GT, Tesch S, Schubert H. Preparation of water-
in-oil emulsions using microporous polypropylene hollow
fibres: influence of some operating parameters on droplet size
distribution. Chem. Eng. Proc. 41: 231-238 (2002)

Kuipa PK, Hughes MA. Behaviour of interfacial tension at
an oilewater interface in the presence of an applied electrical
field. In International solvent extraction conference 2002 e
fundamentals: Coalescence and interfacial phenomena.
Abstract K8 (Available from: http://www.isec2002.0rg.za),
Capetown, South Africa (2002)

Ramlakhan M, Wu CY, Watano S, Dave RN, Pfeffer R. Dry
particle coating using magnetically assisted impaction coat-

HEael U 38T (2008)

32.

33.

34.

35.

36.

37.

38.

40.

ing: modification of surface properties and optimization of
system and operating parameters. Powder Technol. 112: 137-
148 (2000)

Pfeffer R, Dave RN, Wei D, Ramlakhan M. Synthesis of engi-
neered particulates with tailored properties using dry particle
coating. Powder Technol. 117: 40-67 (2001)

Yang J, Sliva A, Banerjee A, Dave RN, Pfeffer R. Dry par-
ticle coating for improving the flowability of cohesive pow-
ders. Powder Technol. 158: 21-33 (2005)

Watano S, Imada Y, Miyanami K, Wu CY, Dave RN, Pfef-
fer R, Yoshida T. Surface modification of food fiber by dry
particle coating. J. Chem. Eng. Japan 33(6): 848-854 (2000)
Kim BK, Lee IS, Lee CH, Park DJ. Preparation of low-fat
uptake frying batter composite by dry particle coating of
microparticulated soybean hull. Lebensm. Wiss. Technol. 41:
34-41 (2008)

Lee JS, Kim BK, Kim KH, Park DJ. Preparation of low-fat
uptake doughnut by dry particle coating technique. J Food
Sci. 73: in press (2008)

HEE 5 AE 715 BEY vUdAlE Jle A d=4F
A7 B34, E071001 (2007)

B 2, Al 949 AAE, LA1F Hybridization
system O} fakte] FEA Y. FAFHNIA
34: 856-861 (2002)

. Ann EY, Kim IS, Imm JY, Han KS, Kim SH, Oh SJ, Park

DIJ. Microencapsulation of Lactobacillus acidophilus ATCC
43121 with prebiotic substrate using a hybridization system.
Int. J. Food Sci. Technol. 34: 856-861 (2002)

Rashba E, Gamota D. Anticipatory standards and the commer-
cialisation of nanotechnology. J. Nanoparticle Res. 5: 401-407
(2003)




