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2 ok =& Y31 (nanocosmetics) NS £13819] azelaic acid-milk nano powder2] nanocencapsulation< fluid-bed
processor & FA AL wheh §Y T LE(60 ~ 80 C), BFEE(05 ~ 0.9 mL/min) D B4 (12 ~ 2.0 kg/cm®)
< 28t WieAl<E (nanoencapsule) & AlZstal, UYiefia] FA5AE Aol 3171248 At el o
S8 T8 HUR 70.97 %E FES FUINLE, EFEE D E55H o g8 A 9 Ba Ak AR 9
A7 FUF7IREZ 23 2S5 wEr, FetE o] BErE AXE Ao® veha, A dgelA e El]
SEE2 BT TR W EFEE geiA 1 e 9 B ot s B S50 Sk
go] Fold4E ZUFISlaL, FREYEE FEEFY AR AEE eIt 71418 MRl Latd bats FY 372
7} MRS SV FE0] Eal AT #ZoH, RA) e gid Azl HAxAE FYSTEE 67 ~ 73
T, #H455% 06 ~ 08 mL/min @ #5948 18 ~ 20 kg/cm® A2 IS T) o] 589 o] o] HeA
AA et ARA = wREEHRA el 3l oS wh fAbe AES Hol EF9 340 AAS AT Atk

Abstract: The conditions in fluid-bed processor for nanoencapsulation of azelaic acid-milk nano powder for acne nano-
cosmetics were optimized by response surface methodology (RSM). The maximum value of yield was 70.97 %. The
yield was appreciably influenced by inlet air temperature, atomizing pressure, and feeding speed. The particle size in-
creased with an increase in the feeding speed and a decrease in the atomizing pressure. The elution rate in saline sol-
utions was appreciably influenced by inlet air temperature and atomizing pressure. The moisture content increased with
higher atomizing pressure, which was demonstrated to be similar to the nanoencapsulation characteristics related to wa-
ter activity. The Hunter's L and b values increased with an increase in the inlet air temperature. The optimum con-
ditions estimated by RSM for the maximized values of yield, moisture content, particle size and elution rate in skin
suitability were 67 ~ 73 C of inlet air temperature, 0.6 ~ 0.8 mL/min feeding speed and 1.8 ~ 2.0 kg/cm’ of atomiz-
ing pressure, respectively. These estimated values were in agreement with those measured by real experiments.

Keywords: acne, nanoencapsulation, azelaic acid-milk mixture, response surface methodology (RSM), fluid-bed processor
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Figure 1. Chemical structure of azelaic acid. It is a
saturated dicarboxylic acid found naturally in wheat, rye,
and barley. It is a natural substance that is produced by
Malassezia furfur (also known as Pityrosporum ovale), a
yeast that lives on normal skin. It is effective against a
number of skin conditions, such as mild to moderate acne,
when applied topically in a cream formulation of 20 %.
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o] AAto] ¥ o1 ¢l o] Ul gLk (Navillena™) 2%
o] A5+ 7 Fske A= ok @A) dejE A Qe

AEL AHAL obAlE ol Agellia®) 7} fralatn 2% 9
oFF o R HujE 1 Qe o]F AlFL EF propylenegly-
col (PEG)el| #Ate nlo] a2 odd Ago= vie A
Feo] oA 1 9)7-9] 315} o] o] WojA|&= FA| 5 0]

% 3}7]4 (encapsulation technology)-& 1.4, HA,
Al EAE A sAY S8 el 2%
o 1

71

49 £E%

YLES w28 4 9 5= ojul Edolu} 24 ¥ *
Fahe 71&eltt56]. e 4719 TRUNE dheAlE

(nanocapsule)©]8} & =71 Y=3-4=% (nanocosme-
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Table 1. Levels of Operating Conditions for Fluid-Bed Processor in Experimental Design for Nanoencapsulation of Antiacne

Azelaic Acid-Milk Mixture

Level
Xn Operating condition

-2 -1 0 1 2

X1 Inlet air temperature (C) 60 65 70 75 80

X2 Feeding speed (mL/min) 0.5 0.6 0.7 0.8 0.9

X3 Atomizing pressure (kg/cm?) 1.2 14 16 1.8 2.1
o e WSt E ool QlolA] tAlEe) o] 8S A §UE AeYen Ao RE fg sl ¥ @
WslgEe] o §H MR EAont gule] Alotel Gz, WEA 24 8% A7k F AR lolsh AR
Azl g, 54 5L Tesel AT TAL AESE & PN B AR o BesEL A8e 49
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Aol AL2E ATz obA e} A (azelaic acid, Sichuan
Huamai Technology Co., Ltd, China)°ll thialix &x]&&
(skim milk, A1&-$-f, &) E 1:5 (g/2) 9] HIZ st
ther -70 CellA &2 Axs F Eafsto] At A7)
7} 29.72 £ 0.3 nmQ! A< azelaic acid-milk nano powder
£ Adste] Y giasteled ARE ARSI

= w1244 oi g GAERE v
AEUEE =91 $ 2AEFF9] ARG o IA BEA

FAA7] 8 G sdAxEgol FA4dH) 23 7HE
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Condux Mahltechnik GmbH, German) & #3 ¥ =7
&3} shed s AFAERE ARSI

2.2. Azelaic Acid-Milk Nano Powder2| Lt=Z4&3}
Azelaic acid-milk nano powder?] Yir&3E 9
fluid-bed processor (Miniglatt, Glatt, Germany)®oll #|%
H azelaic acid-milk nano powder 50 g& ¥ ou|AZ
£ 98l e8] % 60 C, FEF7IE 40 ColA 30
min?t VAR AB|ARE AAIgE & F53 oY 04
kg/cmPollA Z47te] AxFAER IY NS BEAA fa
s}slich ojul IR N 10 % Zein-DP (S5,
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2.3. Azelaic Acid-Milk Nano Powder2| Lt=Zi&3t 28

| H3E et HAE

Azelaic acid-milk nano powder®] W7l & 3ol 2.3
HeR 288k %‘?:137] <5, IHAY FrEE 9 F

Fags SHHF(Xn) 2 st S48 AIE (central

composite design) °ll «1 3 Table 1% 7] 1, 2, -1, 0, 1,
29 A AR FEesigith 1677k Ad 7oA o
o Y€ F4E FEUF(Yn)E st $&(Y1),
ARF71(Y2), FEE8(Y3), ToTH(Y4), 2 E(Y5)
9 7IAA AL (Y6)E Stk vbexd ATN S

o

Y= SAS (statistical analysis system) program
ARgsRglom10.11], 2 A9 2308 4xkd Wk aEw

M

J. Soc. Cosmet. Scientists Korea, Vol. 37, No. 1, 2011



46

A% - AAE -2

p

kon
g= s R

19

Table 2. Experimental Data on Moisture Content, Water Activity and Hunter's Color Values in Microcapsule of Antiacne
Azelaic Acid-Milk Mixture under Different Conditions Based on Central Composite Design for Response Surface Analysis

Exp. Independent variables? Physicochemical properties

No.” X3 X X3 Yield (%) Moisture content (%) Water activity
1 75(1) 0.8(1) 1.8(1) 51.80 + 2.03 404 £ 054 0.187 + 0.013
2 75(1) 0.8(1) 14(-1) 60.40 + 1.12 3.61 £ 329 0.136 + 0.005
3 75(1) 0.6(-1) 1.8(1) 54.60 + 0.85 3.29 £ 041 0.182 + 0.011
4 75(1) 0.6(-1) 14(-1) 65.63 + 1.13 2.72 £ 0.03 0.155 + 0.008
5 65(-1) 0.8(1) 1.8(1) 65.93 + 0.50 3.67 £ 049 0.199 + 0.006
6 65(-1) 0.8(1) 14(-1) 60.83 + 2.33 3.52 £ 019 0.161 + 0.009
7 65(-1) 0.6(-1) 1.8(1) 6253 + 2.16 3.26 £ 0.38 0.156 + 0.007
8 65(-1) 6(-1) 1.6(0) 46.67 + 0.67 3.38 £ 0.20 0.165 + 0.006
9 70(0) 0.7(0) 1.6(0) 69.60 + 1.40 3.22 £ 013 0.178 + 0.005
10 70(0) 0.7(0) 1.6(0) 68.67 + 2.21 3.17 £ 017 0.182 + 0.006
11 60(-2) 0.7(0) 1.6(0) 50.67 + 1.33 3.63 £ 0.39 0.190 + 0.003
12 80(2) 0.7(0) 1.6(0) 4720 + 047 2.83 £ 0.24 0.154 + 0.006
13 70(0) 0.5(-2) 1.6(0) 52.07 £ 0.55 3.03 £ 0.36 0.148 + 0.007
14 70(0) 0.9(2) 1.6(0) 50.10 + 0.49 3.98 £ 045 0.173 + 0.006
15 70(0) 0.7(0) 1.2(-2) 48.67 + 0.97 3.18 £ 0.26 0.153 + 0.010
16 70(0) 0.7(0) 2.0(2) 54.30 + 1.06 3.74 £ 0.26 0.183 + 0.005

YThe number of experimental conditions by central composite design

PXy: Inletairtemperature (C), Xo:

A (response surface methodology, RSM) 2 9&ll mathe-

matical program= AHESFSITH 11,121
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A7 dARF7E YEEATZI(LS 13320, Berkman,
USA)E o]§3lo] A3t olu F4e] A3t &
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FE SEM (Field Emission-Scanning Electron Microscopy,
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Table 3. Polynomial Equations by RSM Program for Operating Conditions of Fluid-Bed Processor

Responses Second order polynomials R? Significance
Yield Yya =-2362.110000+40.745375X, +1166.368750X ,+748 540625X5-0.202000X 2 0.9071 0.0167
€ 6.397500X, X2-451.250000X2°-5.073750X X5-52.062500X:X35-110.312500X 5> ’ ’
. Y ve =39.518750-0.455875X1-28.668750X2-13.684375X5+0.000350X ,°+0.272500
0,
Moisture contents (%) X1 Xo+7.750000X,7+0.121250X, X5+0.812500X5X5+1.656250X 5" 09122 0.0143
. Ywa=-0.145312+0.009512X;+0.946875X,-0.447187X3-0.006125X1 X 3+0.443750
Water activity XoX5-0.075000X:2 0.9077 0.0165
L Y1 =203.245000-1,595500X; +88.212500X5-161.737500X 3+0.008700X,%-0.455000 0.9032 0.0187
X1 X5-55.750000X5"+625000X; X5+14.375000X X 3+34.937500X 5 ' ’
Hunter's color Y., =-14.443125+0,328750X; +1.775000X>+14.000000X5-0,000550X4%+0.145000X; X 0.8068 01127
values a -4.625000X5>-0.252500X1 X5-3.750000X X 5+1.593750X 5 ’ ’
b Y, =110.336875-1.560875X,-73.543750X5-10.153125X3+0.004400X,+0.902500X, X5 0.8204 0.0943
+13.375000X5°+0.293750X 1 X3-3.312500X 2X 5-2.25000X 5” ' ’
Particle size (nm) Yps= *54.763125+4_143125X1*696.493750}(2+355_440625X3*0.100850X12+18_697 0.9027 0.0190
500X X5-191.250000X5°-1.598750X 1 X3-170.187500X X 5-58 437500X 5” ' ’
. . _ _ _ _ 2 b
Elution ratio Y12=27.268438-0.630388X,-4.656875X2-3.983437X5+0.005390X"+0.192250X X2 0.9158 0.0128

(abs. at 420 nm)

+11.837500X2°+0.009375X1 X5+0.493750 X2 X5+0.925000X5”

*X,: Inject air temperature (C), X3: Feeding speed (mL/min), X3: Atomizing pressure (kg/cm?)
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Table 4. Predicted Levels of Optimum Conditions for the Maximized and Minimized Responses of Variables by the Ridge
Analysis of Their Response Surface

Operating conditions

Responses Inlet air temperature  Feeding speed Atomizing pressure Estimated Moroholo
(C) (mL/min) (kg/cm®) responses phology
. 63.18 0.62 1.36 38.58 (min.) .
Yield 69.33 0.71 163 70.97(max.) Maximum
. 7722 0.59 1.44 2.50 (min.) .
[7)
Moisture contents (%) 7320 0.86 180 493 (max) Saddle point
. 75.15 0.80 1.32 0.122 (min.) .
Water activity 6757 0.83 189 0.204 (max.) Saddle point
64.54 0.53 1.62 59.47 (min.) .
L 7424 0.71 1.96 7150 (max)  —addle point
Hunter's . 7779 0.71 1.85 433 (min.) Saddle point
color values 7317 0.73 1.23 6.80 (max.) P
61.11 0.75 1.75 28.83 (min.) .
b 7755 0.82 170 3359 (max)  —addle point
. . 75.71 0.57 1.79 86.51 (min.) .
Particle size (nm) 75.01 0.83 137 9856 (max.) Saddle point
Elution ratio 70.31 0.74 1.60 0.258 (min.) Minimum
(abs. at 420nm) 77.00 0.56 1.60 1.108 (max.)

Table 5. Experimental Data on Particle Size and Elution Ratio in Nanocapsule of Antiacne Azelaic Acid-Milk Mixture
under Different Conditions Based on Central Composite Design for Response Surface Analysis

Physicochemical properties

EXII)) i ) Hunter's color values ) )

No. Particle size (nm) 3 N 5 Elution ratio (abs. at 420 nm)
1 8743 + 155 67.57 + 0.02 492 + 0.02 32.64 + 0.01 0.341 + 0.003
2 98.86 + 1.85 62.75 + 0.01 6.32 + 0.01 31.68 + 0.04 0.337 + 0.001
3 7331 = 0.31 65.81 + 0.01 522 + 0.02 3048 + 0.01 0.802 + 0.009
4 7466 + 0.30 63.99 + 0.01 6.01 + 0.01 29.11 + 0.03 0.767 + 0.009
5 82.90 + 0.52 64.28 + 0.00 5.78 + 0.00 29.33 + 0.03 0.523 + 0.009
6 86.47 + 0.71 63.81 + 0.00 5.86 + 0.01 29.32 + 0.02 0.486 + 0.006
7 75.84 + 0.10 63.46 + 0.00 6.06 = 0.01 28.75 + 0.01 0.529 + 0.002
8 81.13 + 0.55 62.30 + 0.00 6.15 +0.00 28.78 + 0.01 0.602 + 0.006
9 88.77 + 9.69 63.08 + 0.01 6.07 + 0.02 30.53 + 0.01 0.326 + 0.002
10 88.60 + 8.57 62.89 + 0.00 6.18 + 0.01 30.70 + 0.04 0.238 + 0.008
11 85.33 + 1.07 59.34 + 0.00 6.74 + 0.01 29.85 + 0.03 0.755 + 0.038
12 82.87 + 0.12 68.37 + 0.01 540 = 0.02 32.26 + 0.03 0.887 + 0.050
13 80.90 + 0.10 60.94 + 0.01 6.02 + 0.00 30.75 + 0.02 0.803 + 0.010
14 89.17 + 0.38 60.57 = 000 5.86 = 0.01 31.55 + 0.01 0.708 + 0.025
15 92.67 + 243 67.54 + 001 6.75 = 0.00 29.56 + 0.03 0.448 + 0.010
16 63.00 = 0.01 69.61 + 0.01 6.01 + 0.01 30.95 + 0.01 0.412 + 0.011

YThe number of experimental conditions by central composite design
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Table 6. Analysis of Variables for Regression Model of Physicochemical Properties in Operating Condition of Fluid-Bed

Processor
F-Ratio
Operation conditions 5
Inlet air temperature (C)  Feeding speed (mL/min) Atomizing pressure (kg/cm®)
Yield 12.217%%* 7.27%* 9.31%**
Moisture contents (%) 3.71* 10.35%* 3.83*
Water activity 4.29* 5.86%* 9.63%**
L 4.98** 0.76 5.38%*
Hunter's color values a 3.55% 0.38 3.45*
b 4.63** 2.02 0.92
Particle size (nm) 2.98 5.32%* 8.55%*
Elution ratio (abs. at 420 nm) 10.617%** 11.05%** 0.67
**Significant at 1 % level, **Significant at 5 % level, *Significant at 10 % level
i
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Figure 2. Response surface for yield in nanocapsule of anti-acne azelaic acid-milk mixture at constant values as a function

of inlet air temperature, feeding speed and atomizing pressure. A: yield 45-55-65 %, B: particle size 60-80-100 nm, C
elution ratio at saline solution 1.2 0.35-0.50-0.65 %, D: moisture content 3.0-3.5-4.0 %, E: water activity 0.15-0.17-0.19
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RS s v Qe AoE YehoH, Y37
E 65 ~ 75 T2 Wl B LS 0.7 mL/min AFe)A]
= A9 A gornz A AgedA kst ey
5 e 7 9o, el Iy EHo] duido]
nE gFAxe] & TS FA && JAoE A"
(Table 6, Figure 2(C)).
34, =g A 2 2YE
THE72E, BrEE 9 5o e Yegial
TFdE 9 RIS viskE Table 201 YeERSITEH
5, R A9 272 ~ 4.04 %2 WA YeRe
o, FREYT] A9 0136 ~ 01999 W2 YEhsth
RS o o8t 374> Table 40 YeR|CH,
Figure 3. Field Emission-Scanning Electron Microscopy T%@-% R Rl st R 09122 R 090775
(FE SEM) image of azelaic acid-milk nano powder 2101 5 % ool frolagel dFHNH 7Y a7
optimized by response surface methodology (RSM). 25, 2555 9 F5gded mE FEEEe E5E
of 7bd & FEFE v e AoE YEhgon, #rE5E
Bk ohdel i Saell opdlEkelabat e e 24 & 7F S7bsta - E o] moldas iRl TS
s GAE = Q= &t ok m=gh # HA Yo R & 4= QJQItH Table 6, Figure. 2(D)). FE3A T+ &5
A %38t azelaic acid-milk nano powder= 100 m*”/g ©1% 4ol 7 F dEFS w1 gigley, BR&ERT) SUls)
o] & xAAY FL X FH 7]F(meso pore) S A aL st o] wold S RSV SIS =T, o
Ui Qlo] Aed8 =4 gA7t e Zlow v 2lgh Aoke ] A9k Ak Al ekt o (Table
o} webA] opAlEtelate] tist At eHY Al o] FHolu TN 6, Figure 2(E)), i-7-4go] =31, E5-557F whe 211
T8, T8, 58, 858 59 £33 5ol 71EA M= AZREG T Hlste] IH A FH& ) vt 3
Furk e o7 gk &5 pofst s 24 TR0l W Ao® oAAZXY, Ty Hd FEEF
of tigt FEEAT 7S S FYAA AR ofifst o] 4.04 %= Sto} Yal F4d TS 74 && A
= o% Atmdth
33 2E= 35, 7|AH M=
FRHEAZ AHEE zein-DPE Eolls =4 A|uh &4 Zyze] A9 23 71AA AEe] W= Table 3¢ W
el & & 55 GuldEA pH oF 11 o9 BRIt WS- 3942 Table 4 YeRgi e, L,
] 89, SDS 5o AMGYA % FE 248 a 2 bakel tist 317142 R*= 09032, 0.8068 2 0.8204
ol galEle 5485 Ay vk wEkA zein-DPE 2 =2 Yepgth L a2 5 % o9 folgwelA frelAdol
HAAR sl FY37|es, BREE 2 2ok uf 1= oH, bk 10 % o] FelgelA #2174l
& Yefas Axstr AyAgTrelr e &5 54 AFEH PO aghe Foldo] 1A kxrt 7AA A
sto] IR ES AT Yefial 8585 54E Sof st WS EHE AHuE, Lk AR =
Z Uehd A3 0238 ~ 08879 B9 FFEE Yehy obdsE Zrlelglon, 5 16 ke/cm’E 755}
Aom Yregiae] Azl wet F3E7 oF 4 e ke A o® YeRth(Figure 4(A)). agt #3937
zol7h d  QvkE Ae & 5 ISITH(Table 5). 24 Lo} BRgEo] 5545 sk Adellon, bt
Aol A el &80l g wheu 39249 R? & TYUI7IRETL ol TE ke Ao ® YT
= 091582 970l 5 % olulo] FogFolA AGEHSA (Figure 4(B), Figure 4(C)). o]&d AIA=Z zein-DPE
CH(Table 3). VA 9]0} n]23h ]2l el oA v FEEHA HH Ve fise] Mo wHEgelA oftk
LAEY £E582 FUIRE 9 EFE5 d§A 7) A= AE & F e, BrdEo] 2&F ErEHE
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Figure 4. Response surface for Hunter's value in nanocapsule of anti-acne azelaic acid-milk mixture at constant values as
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5.5-6.0-6.5, C: Hunter's b value 29-30-31.
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Table 7. Predicted and Experimental Values of Res-
ponses Variables for Operating Condition of Fluid-Bed
Processor at a Given Condition" within the Range of
Optimum Conditions

Physicochemical properties Predicted  Experimental
values values
Yield 62.08 65.97
Moisture contents (%) 3.59 3.53
Water activity 0.19 0.17
L 67.39 64.64
Hunter’s color values a 5.74 5.69
b 30.51 31.62
Particle size(nm) 101.40 103.65
Elution ratio (abs. at 420 nm) 0.368 0.324

YGiven conditions: 70 C in inlet air temperature, 0.7 mL/min
in feeding speed, and 1.9 kg/cm2 in atomizing pressure
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