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Abstract

The objective of this study was to investigate the influence of emulsion processing with various homogenization treatments
on the physical properties of nanoparticles. For the manufacturing of nanoparticles, by taking the emulsion-diffusion method,
various coating materials, such as gum arabic, hydroxyethyl starch, polycarprolactone, paraffin wax, k-carrageenan and
emulsifiers like Tween®60, Tween®80, monoglyceride and Pluronic®F68, were added into the emulsion system. Further-
more, the various speeds (7,000 rpm to 10,000 rpm), and times (15 s to 60 s) of homogenization were treated during the emul-
sion-diffusion process. NEO II homomixer was the most effective homogenizer for making nanoparticles as 51 nm (D,,) and
26 nm (D). To manufacture smaller nanoparticles, by using NEO II homomixer, 10,000 rpm of agitation speed, polycapro-
lactone as coating material, and Pluronic®F68 as an emulsifier were the optimum operating conditions and components. For
the stability of nanoparticles for 7 days, 20°C of storage temperature was appropriate to maintain the particle size. From these
results, the type of homogenizer, homogenization speed, homogenization time and storage temperature could affect the par-
ticle size. Moreover, type of coating materials and emulsifier also influenced the size and stability of the nanoparticles.
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s, G D FE BA) B Yok, o A
oF AEehA AkstEa Ao B9 AxTHelv x4 F
of] 2AE= A 59 oﬂoo}:_/l\_{:/d 2 ZAHIE 2P
27} 917] ol BEA] £ ®WEeto] FastthLee ef
al., 2008). Wb w]A)7 ﬁﬁ} 7S o] g5l FaAR
o el el s Eel Y, s
P2t 52 Ao| AFE ENES A, HIE T
A FrtFel A ol o]&= 1 /\)\‘:}(Deasy, 1984; Park
et al., 2007). Weede vHAHg Rl E ARSET,
QA= E2o)= FEHlEA] 100 nm-1,000 nm HL ol 3}
Fl= YAZ A D tHBedu-Addo and Huang, 1995;
Taylor et al., 2005).
nAREst 7lee A, A, 7AGY BEES 5
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al., 1995). 5ol I8 %= 52 core material, payload,
active, internal phase, fill 502 F21, 2R FZE 3}
= &8 wall material, carrier, membrane, ZEE2 5
o7 HEtHDeng er al., 2002).

v AI78Es) 712 1930 dd]ell National Cash Register
o]l ©J3ll carbonless carbon paperE 7HErshol wle} Hx=
AR 38 HUoH, Aol 19311 d Azt
S o]g3te] FES vAIHER T 1950 ddjol
Dal Wurster BHAl= -5 A|2ElS 7dste] dAA|71A]
93 nAE3} FAHORE AFEEAL Jth(Deasy, 1984;
Dziezak, 1988; Franger, 1974). 1 & FEL AT1E &3}
of Aok, 3PE, &8, 834, A%, s 2z o], I8
SN, A A4, slhd 3 2
Aol A4 w9~ F-83tA o8l ot

A} 7eS T = =
RS, S W, Ak, FROERH Hosl SHAS &
o] =

b}

|

o] ZQ3lH(Giese, 1993).
=G A|ZHHo= emulsion diffusion method, coa-

cervation, emulsion solvent evaporation, spray drying, phase
separation by no-solvent addition 5 2] 7}#] ®io] gl
o, H¥ZFOZ emulsion diffusion methodH-& AHZ] o
2 j¥@skstr] 4aL, 22 3719 Hes AN T Qe
3ol Qo] 744 92 o] 8= THMcGinity and
O’Donnell, 1997; Ramchandani and Robinson, 1998; Takada
et al., 2003). Emulsion diffusioni'§& 5 712 @A
el AAAE oEd AxdAlolY FiAl= kA
olth. f3telE A xslr] s =l &= f718vlot
S Edste] o] ke #7183t {7187 £
stel el A IS 7lsAEES ARl &
T3t the Sl E AxE fede vy S5
Foll FLAIA WimdAE Al dot

Fratol A EHOR o] &EHe TAT= TRYA
o 2% #AV|EA ¢4 B sl -8 gulolth
SRYME HETF FobM 7IE dE7IE X2 B7Fsst
I ARk wREE AL e £ Bl Tk
&

bl s @ ROl Age) AR 87

o o3l A} A} AlolE FHEHE WA
g WA ES YA A FEsear 7Es) A7l 7P
HAAQ #A, B4, #3F 5400 AMS-E= FHlolth
(Huppertz, 2011). ¥ AFrolAs W=dAke] 4 34

I} A4 S 3l emulsion diffusion HHS F3) T
F ZHEE B RIS AvishaL, o 7EA 239
Aol Hgd f3as A §, HFHoE =]
A= Azt JA=7HE} g AeE B 71 st

=
B2 23| ALe-3 FEEH LS Arabia gum(GUM, MSC,
Co. Ltd, Korea), $/d318A}2]1 polycaprolactone(PCL, Mw:
80,000, Sigma Aldrich, Co. Ltd, USA), k-carrageenan(CAR,
Fluka, Co. Ltd, Netherlands), hydroxyethyl starch (HES,
Sigma Aldrich, Co. Ltd, USA), paraffin wax(WAX, Daejung
chemical, Co. Ltd, Korea)S A}23}3{t}t. A3AZ=
Pluronic®F68(PF68, Poloxamer 188, Mw: 8400, Sigma
Aldrich, USA), Tween®80(TW80, Samchun chemical, Co. Ltd,
Korea), Tween®60(TW60, Samchun Chemical, Co. Ltd,
Korea), soybean lecithin(Junsei Chemical, Co. Ltd, Japan),

monoglyceride(Sampung B&F, Co. Ltd, Korea)S AFE3}STH

LI Xte| ME=SE

oeolrH 0| ES} THFE 2:1HER 1 ZAt)7]olA
T T 2473 ERE A2A Z3PAFT = olldolA]
Hlo|Edle SRS E3AY]AL, SRTCl= dldotE
o|ES X3ATI7] Atoltt 24413t ¥ T EEjr} o
W Z3L8oS Zhzt At o"oAH|o|ET} 23} #
ZHF 20 mLol 53H] 0.5 ¢S £ T ARLoA] wwks)
Aot B35k SRr7F 23 oldolAE|o]E 20 mLol| 2
A 100 mgs Ho] 2087wt 3 F AxE F &Y
HE OFe dA7NA Azke] 2300 dAst {35}
HE AxsAtt Axd fstde] FH4 500 mLs 3
7F8ke] 300 rmpollA 1587 wakslich ke vpxl &
Azd E4Eo] Solde A718ve AT EEFIA
(BUECHI Rotavapor R-205, Heating Bath B-490, BUCHI
Labortechnik, Germany)S AFE-3}o] 40°Col| A oldolAE|
EE FUWAY F AEE SHIA 9 FHL Fig. |

o e At}

TEAIZH e =St
E et Z7RiskE AR 98t
4L PCLS AE819a, f3lAlZ= PF68S A}
3Fe] Fig. 29 7] NEO 11 &2 2 A(NEO II, Heungbo
Tech CO, Ltd), NEO V XA (NEO V, Heungbo Tech
CO, Ltd, Korea), high speed homogenizer(Ultra Turrax®
T25, IKA Labotechnik, Germany)S ©]-83}] y=-f-3}<Y
& Axsto Atk & A7l AR-E NEO 1= A3



Nanoparticles Treated with Various Homogenization Methods 222
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Adding 500 mL of
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300 rpm for 15 min

Fig. 1. Schematic diagram for the preparation of nanoparti-
cles by emulsion-diffusion method.

7 I3)H0] 7Fs3k] 0-70,000 cps A= EAS 72
& = 9lom, NEO V= A33Erdel™ At 150,000 cps
Azl EA7MA] -0l 715g Fnlolt}. High speed
homogenizer= )| 2,500 mLe] &S 11,000-24,000 rpm
&eg Fdo] rlesitt #ddEo] 7P =3 #AVE
Aelste] thedel F84:5(7000-10,000 rpm) 2 AT
(155,30 s, 45 s, 60 5) 0.2 F2 3 F YE=H7]E o]

231 kY] A7 HEE =45

Cretst Ratd 2 IEER g =St

frepAlel e JR=7IvskE ARy 9t ZHE
AL PCLE A5, H7igk 8Al /=< PF6S,
TW80, TW60, soybean lecithin, monoglycerideS A3}
10,000 rppmei|A] 30 s A3t 1 Y=risks SA3AT

FAREH WE pe=fiAt A7HEE A E Y] 98t
A Z= PF6e8S AEeIa, IHEZIZ GUM, CAR,
HES, WAX, PCLS ARE3&}e] 10,000 rpmoll 4] 30 s 32
% d=HsE s

XME7(ZHo e Y =EH
W ARE B =gA Azl 7P AR 3
o} FEIAE =} 0, 8, 15, 20°Col|A] 79 B2t 2447 7F

Finn
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Fig. 2. Various types of homogenizer.
Aoz g% WskE 29sn

gl=o| 54

AZH =gt 7= YESA 7] (Mastersizer 2000,
Marlvern Instruments Ltd, UK)S ©]-83} 1200 rpmoi A
HFOE F 10% FEE FANA ol TR 55 MM
3te] Foll SAstAT). A B3e] 50%E AX|E=
D9 WedAet A9 10%S xFAIsH= D, YA
vl s

SAHXE

2 A3 A= 103] §EESI] SAS(Statistic Analytical
System, Ver. 9.1, SAS Institute Inc., USA) T2 1S A}
&3t o AAS AAEkAh

Ao

[

20| ME Lt
AA FH9] 50%E AA|sh= Dy A=<} A9
10%S A= Dy, YA=A7)E Fig. 301 JeERRATH
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Fig. 3. Changes in particles size Dy, and D,, emulsion pro-
cessing. "A-C, means in the same bar graph of Dy, with
different letters are significant different (p<0.05). 2a-c,
means in the same bar graph of D, with different letters
are significant different (p<0.05).

(p<0.05). D5, HFL NEO II 26 nm, NEO V 30 nm,
high speed homogenizer= 28 nm®|%12.H, D,, YAT7|+=
NEO II 51 nm, NEO V 95 nm, high speed homogenizer
= 50 nmE 72t YERAATH(p<0.05). 72719 T77F 9
A=719] FEFS vIRE AS & T dAeH o A9
o= NEO II7} 26 nm, 51 nmZ 7} & A74E e}
WAt

od Z20f mE LX)

edzle] e Wahs 7 & g3 vk Ao
2 4214 UTh NEO IIE ©]&3te] thadgt £5(7,000
10,000 rpm)2 w4 3t f3ldS vHEI Y=YAE Al
Z313t}. Fig. 40llx9k 2o Dy 9A=71= 7,000 rpm
Y w] 38 nm, 8,000 rpm¥ W, 32 nm, 9,000 rpm W 29
nm, 10,000 pm¥ = 28 nm< UER] Ath(p<0.05). =3t
D8 YA=7]= 7,000 rppm W 237 nm, 8,000 rppm
] 74 nm, 9,000 rpm% W 56 nm, 10,000 rpm¥ W= 50
nmE UYEeRlo] #A&EET S7ESE A= 7L Fot
e AL & F AU E<0.05). F2 &0 we Y=
Halh= o3 o] 2oz YeRd 5= AATHEq. (1),
(2)).

In Dy,=4313-0.032b
In D,,=8.6321-5.0012b

R = 0.9166 (1)
R’= 0.80200 )

(D : particle size (nm), b: speed of rotation rpm)

Eq. (D@ Eq. )& ©]-83F 10,000 rpm ©]’Fol|A] YE}
Ue AT71E 5 & 5 AU TS RX gho] 0.9166,
0.802% o} Fetxow wdy she=d HFsiank
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Fig. 4. Changes in particles size D5, and D,, by different stir-
ring rates. "A-D, means in the same bar graph of Dy,
with different letters are significant different (p<0.05).
Ya-d, means in the same bar graph of D,, with different
letters are significant different (»p<0.05).

Perumal(2001)2 vlo] 2 f3tl gl dEE=E 200
-800 rpmO. 2 F7} A|AFE wlo]AR Y& Ato]=2rt A
7 Zoldtks Bk Aok B 150 rppmoll A 700 rpm7ZHA]
TAEEE T7TMEATE YAZ717F AAH Aolxithar &)
Att. £ AFME d2EEE SUEE YA
Aol e S do] 11 FARRS ¢ F AiTh

o2 Has Axdhe AT WEHS dAe =2
7le e D dAVE okl A Lo (Rafati
et al., 1997), o|2X4 &9 e 9 FF YA=27= 7Y
& Az BGolA 7 =7t F7F 5 F3lo] &
2ol Fksted AdE o] HadA=7 7} AolAl=
Aoz et Tt 7 &9 Ao} A A&
W JA Z2717F F7hhe AL wRkEETE GEE
shAo] E4Hdo] AstEal Hao] wEAdso] AslE o
Edslal A= 17 S7HE gl AdETa JdE
ot olgfd 5408 UkdA} AxRA dd S57F dA}
A7)0 A3 JAS vHE AL ¢ F YATHChang
and Fogler, 1997).

=& Azt e L= X}

2 ARk e Wedalh 27PEskE AvRr] 98t
o FEIEZLS PCLE A3, 3|2 PF68S AR
3T} Fig. 5= TEAIZFS 155, 30s, 455, 60 s= 1173
AR & fEds Azt 285 dAF 2715 vER
Zolth. Dyo] YAt Z7|Hsks AuEd 15sY uf 29
nm, 30s¥ W 28nm, 45s¥ w 28 nm, 60 s @ 28 nm
2 30s oF YA=7]9] W} Ao fejAdo] gitke A
S & 5 UATHp<0.05). D,,o] FA=7|HEES Aurw
15s 9 w} 53nm, 30s ¥ W) 50nm, 45s 4 @ 51 nm,
60s & W 50 nm= e}, D109 YA=E7)E 30s o]F
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Fig. 5. Changes in particles size Dy, and D,, by different stir-
ring periods. "A-D, means in the same bar graph of Dy,
with different letters are significant different (»p<0.05).
Ya-d, means in the same bar graph of D,, with different
letters are significant different (p<0.05).

A _g] Wato] Qthe AL & 4 th(p<0.05). WHA|ZH)
2 A7 A%E AFIHA T2 JEMIATHEq. (3),
(4)).

In Dyy=3.970-1.1006a  R>= 0.6000 3)
In D,,=33672-7.1253a  R>= 0.5307 (4)

(D : particle size (nm), a: time (s))

Fa. ()% Fa. ()
7 2 5 Ao

o] 83ta 60s o] RIS
T e
o2 3= 9k

o X 30s= #2 A7t

FetHof w2 L=l XL

FrefAlel e ie=QiAte] Y= WskE Fig. 60 YER
ATk Dy Dy #kollXe] YA=71= PF68 F7HA] 28 nm
7 50 nmz 7F Z9rom, TWS0 H7HA] 26,451 nmT}
63276 nm=Z 71 2 AYA=Z77F SAHEH A THp<0.05).

ItH oz fF3Al= ‘rr7]”£ 'YHoZ FAAT)AL
BAkg Qlzjo] obgAlL 7] Y5t ArgETh oe)
A e Mg Ae- B ‘i‘ﬂ’ﬂ*ﬂ et & Hojof gt
(Rafati et al., 1997). Z18A] ko™ wMF&o] A2 o
AA ZAA A Ak o] Hi PAAM ZoIAHA AF
O 2A o]@Ao] HolA|H F=& mIh 7hAEhA| Hct m
A vAETe] ME GRS WREka Z HAA EA)
371 sixe E—/‘*"“Oﬂ AREE= °§‘r/‘<ﬂ7} FashH o
2 0 2 Tweent/} 531 oiFE TW600] AL&-Hth
(Jackson and Lee, 1991). ¥ 23] ']“1:‘ TWS809] 735

st AzAl B3 dide] WAt HA] ekar dRt

7] &g o] 2 99lE vEeRfo] tiefstel AlZA

80000 m
600004 (777 Da:]
40000 b
1 b, A
2(HM 4 V_
._: 7 e
—_— 1 T
E
E 6004
Py f
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- i
= 400 ]
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Fig. 6. Changes in particles size D5, and D,, type of emulsifi-
ers of nanoemulsion. "A-E, means in the same bar graph
of D, with different letters are significant different (p<
0.05). Pa-e, means in the same bar graph of D,, with dif-
ferent letters are significant different (p<0.05).

3]

A2 A4 grial AlsdT TW60S o]83t 4
F WA Az BAAD, PRSE ol8d 2% Het
UAZLF oF oo ol Z7bstel A etk ARE
t} Lecithin®] 7% PF68%} Blwdle] A=a7)7F e =}
olE HolA] grort Uinfistel AzA 2 %A St o
7t SAHAE @S Yeo] PFe8ETE tha fr3lsE o]
dojaicka AR EL Web B Aol hefs A
ZA] A EAE PF68e] 7HE A daitial e )

IS0 e Lh=elAt

48 FHAE THEL] faale] J3e FIw
sleg og] 1EA} 3TE oA 7|EFHo T U
o] 953+ 228 &3} 517) 93 ZEIEZZ MeElsty
Mg PCLE) 29 BAE Aol 3 ALg F Hal7t 7
5%t polyglycolic acid(PGA), polylactic acid(PLA)2} 3|
AREY REAZ Be Eobd lojA AgE] ot
(Takada, 2003). &3] PCLE AE3|A 18R} FoA =
o] glar, dlAEE 7] A ol ki He A
24 =AZA A FopollM ARS-H o] it (Adamson,
1990). £ AFAAME Fig. 79 Zo] Dyt D, A=

717 247} 28 nm, 50 nm= ZH2te] & B4 F 7PY &
< YA=271E JEMIATE. HESSE GUMZS- Dyt Dy,

o] A&=717} 22t 43,111 nm, 72,314 nme} 56,726 nme}
73,709 nmE YERHo] Wi==ir|e] WS A It
YERITH WAXE 29 nm, 2,194 nm CAR< 33 nm, 85 nm
=450 PCL28 nm, 50 nm)¥} vl A Y7t b =
lﬂ—— AL & 5 ok
AR-L op g2 Q 27} VAT

25 3= 588 7HA
ar 9}17] el 7] QRS X8t vl HAE et
AE FAAT AFA FERE o] frshsgo] §l
(Shahi and Han, 1993). o] AdM= YAt= FAJo|
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Fig. 7. Changes in particles size Dy, and D,, type of coating
material of nanoemulsion. "A-C, means in the same bar
graph of D, with different letters are significant different
(p<0.05). ?a-c, means in the same bar graph of D, with
different letters are significant different (p<0.05).

AR A Ha JYA=A7)7F vl 27] el 2R

CRNE
2 AP gL Row Audt. A48 AFIE A
9] o]dl 542 ofe] JHA J1SHOR WEAA 254

3

7 A59E B A AZF AR AFgsto]
o} gl}(Risch and Reineocius, 1995). GUM2] 4% 7|&
4 297} e F3ldS FAJ35te] maltodextrin Hul
Al Az FAolA P71 &S WISt A7
T 7] Aol AY &4 HA gevh 15 7ol 7t
A7 B FEE 7HAAL Qo] HIss® EAERS AL
UE TE E4F HlAL A FEAofA e HEE Zhe
=53 AAS 7L Jow F8AolA 50%7HA] 83l
7} 7FsshH, Bk pH oM % Pgsh Azt o] Hout
g7} Ag/de] 54S ZH=TH(Kester and Fennema,
1986; Risch and Reineocius, 1988; Shahi and Han, 1993).
T B ATl Abg 2 QRS UeRge] U]
2} Aol AR ¢kon wiRriAZ WAXe} CARE 3
HEd =2 ol o &5 AN & A= PCLY AL
fo| IF=AE 7P A-sitial Al HTh

XME7(2Hol mE L= X}

Z}zZbe] Lm0 AR7IE k] YAV WSS golk
7] 93t FREHEE PCLS, F3AIZE PF68S o]&3}
Atk A7) e A= 7HEE Fig. 87 Fig. 99
RS 391 50%2] PAHD)E AHEH 0°Col|A]
A 194 57.7 nmmE JERIle T A% 79Alel= 13,261
nm, 8°ColA= A 194 60 nmE e oW, A7 7
dA 3,856 nmE HEMISITE. 15°Coll- = A 194 65.7
nmmE Yoy AR 7984E 171.5 nmE JERS]
o} 2et} 20009 A9 A 198 9= 63.3 nmE UE}
Wl A% 7980l 145.7 nm YERR o] #2717t o}

it
125003 | . o goer -
1|--0.. 0 R
10004 . .
75004 | -7 ¥C .
5000 | —— 15°C o
230 | - 5= 20°C .

2504 S
200

150+

Particle size (nm)

100+

Storage (d)

Fig. 8. Changes in particles size D5, during storage at various
temperatures.

50000
400004 |--=--0¢
30000
20000
10000

1800 ]
1600
1400
1200
1000
800
600
400
200 i
“ T T T T T T T T T T T T T

A
ALY

Particle size (nm)

Storage (d)

Fig. 9. Changes in particles size D,, during storage at various
temperatures.

E YA=7)9) Het 7 AL Ao 2 eI THFig. 8).
3 A9 10%S] AAEAND,)S AHEE 0°ColH A
2194 151.1 nmE YeRAIo Y A7 78Aol= 39,155
mmZS YERRIT, 8°ColE AA 194] 129 nmE e}
o A4 795 29,762 nmE VERNGITE 15°C A
= A% 194 1358 nmE YERJI oY A 7LHdl=
7215 nmE YERAATE 23y 20°Ce] A A 194
e 1282 nmE YeRN A 7LA 1= 1,380 nmE
Uehfo] 9A] 371710l W JAk=r) W) 7-g A
< 22 Yehstth(Fig. 9). Fig. 83 o] XA 50 %]
PAZ7E 7t 2= HE AR sI7AE "t A
a2 edAFEE YA ZA SN &
F AJTh 1 QM= 0°ce] A 1 H7F 39,004 nm
= Yeiflo] JA=71Y wish 7 & Ao el
T3 Fig. 99149} 2o ZF 258 A9 10%2] A7)
= 739 50%el Hlste] Bgste] A% 2dA A= W
sle] Zo] AR AF7|Zke] TUVEFE YJAA 7]
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W7l 3A JeRdth T3 49 10%Y] 4Ak=7]e] |
3= A9 50%9) PR IAE 0ocy W 7 WE) =2
Aoz yehdth AR Lx3ko] dxle] =7] WEE 4

2oz mdg dto] YERJATHEG. (5)-(8)).

20°C : In D,;=4.2005+0.01288X  R*=0.6499 (5)
15°C : In D,;=3.7866 +0.03493X  R?=0.9034 (6)
8°C : In D;;=2.2189 +0.04056X  R*=0.7657 @)
0°C : In D;;=3.3174 +0.04598X  R’=0.8524 ()
(D : particle size (nm) X : storage periods (d))

ol AgIdle] 27485
g % @ % gk

Lol ;e AR |

XE7|Zhofl e 2 of|lL1X| &E

FoNIAR o] Uolub] 3 Haate] IS
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Fig. 10. Change in Ln S depending on temperature.
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