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Preparation of PEG Microparticles Containing
Coriander Essential O1l Using Supercritical
PGSS Process

Jin-Ah Choi, Giobin Lim* and Jong-Hoon Ryu*

Department of Chemical Engineering, The University of Suwon, Gyeonggi 445—743, Korea

Abstract In the present study, biocompatible poly (ethylene glycol) (PEG) microparticles containing coriander essential oil
were prepared using a supercritical particles from gas saturated solution (PGSS) process to improve the stability
of the coriander oil. The effects of various process parameters such as temperature, pressure, and nozzle diameter
on the morphology and entrapment efficiency of coriander oil loaded PEG microparticles were then investigated.
A positive influence on the formation of spherical microparticles was observed with increasing temperature and
decreasing pressure. Furthermore, somewhat more porous microparticles were produced with an increase in
pressure. At a given temperature, the highest entrapment efficiency of coriander essential oil in PEG microparticles
was observed under the lowest experimental pressure condition.
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A= Qo [1-3].

Z9A A= o Ed9] AAIA (critical point) 01 d<]
258} o 20N EAlsks FAIR BoEH, HA|9} 7]
Aol T4 AAE 7 aL Gddgoz EA) I} (Fig. 1).
297 FAl= vALA Az ulg- e sty &
g (2 83, Hes, 454, sl o ApE E¢
D o] FEA (B xuAEH HE, =2 TS
GAET)S 2t AT} [3-6]. 53], YA FZolMe F
< 1Y & e oY 2ES T gA 294 1A
9] &A= H Sl Y 58S 7IAHC TPk AdHE
FH AAol] 77k A7 A4 o= WskAd QL
ok 294 A2 T olatsterAe] 79 el 77k o
A% (31.1°C)e}F vHlmd v AAIYE (73.8 bar)S 7
AW, F430] glo AAel Fafistar 273 FsA Y vt of
el 7HAo] Adatar Fy gl sl glom, 2t
o3l HA 77t 7hssh7] wWiEel mlAlgAke] AzFAg e
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Fig. 1. Phase diagram of a pure substance.

297 FAE o83 PAdA AT A RESS
(rapid expansion of supercritical solutions), SAS (supercritical
fluid anti-solvent), PGSS (particles from gas saturated solution)
o2 U= 4 ok RESS 4L 297 FA1E Sl
(solvent) 2 AME-SH FH o ZA] & g Z=UA A<
B3} =5 o o]&Hr} vhA SAS ¥4 24 #A
= 81} (anti-solvent) & AME3F FHO A ZAA A7
7HE &4 tigk galwrt vl ws ) o] 8-HTh PGSS
AL 294 FAZE A FEAN SelEo] 2 =dS
7HeBA TN E BAS o83 TR A AV &2
2 ARgETE 53], PGSS FAoIME 294 A7 of®
25 S8iAd Bart /7] wiEell RESS Eel Blsl] &

Fol A AP AREEM, B W 3 2=k 4
A &3] 7Fs38ttt [1,6-11].

A (essential oils)= 2F 20-607H4] E72] 573+ &=
= A EF=E o] Folxl ST JA R A& =,
=, 271, A, T, By 5] el FE0] 7hssitt.
o= AR SR & Hold ¥, o A% wE
o &, 3P, AF B o= AglellMe] o]go] SjEa
Rom, 53] HE o RoklA = rdEel g FAE
2o ol S7tell wet thAl eFE=A Aol T840
SHEL Aok A o wA=el g AR A,
g, teleiol, utolElz B4 £ o] FRIHA
o™ [12-20], L FAA %= coriander (Coriandrum sativum)
o] A= A3tEE A8E3, A9, BUS, FrEs 3
o & Y AR ol&H Ut [21-25].

TEAE o] &3 FEHLGA|2~H (drug delivery system)
o 7P de] o] g5 AR e AAATA T L
EALZ = poly (ethylene glycol) (PEG), poly (lactic acid)
(PLA), poly (glycolic acid) (PGA), poly (lactic-co-glycolic

=2, rlo md

=

acid) (PLGA), poly (e-caprolactone) (PCL), polyanhydride,
poly (ortho ester) 5©] W&o, o]& IEAE o] &3
A2 FEHEAIE] S 918 B A7 I8 Q)
T} [26-28]. ©] % PEG+ FDA (food and drug administration)
NS ke AFALEA Ao 1AL Aol A el

{

‘g] o U= —v
U dEEA8 55 HERA] &= 54S 7HAa Utk PEG
= & vt ol2} methylene chloride, ethanol, acetone,

chloroform™@} -8 §-718ulo] 414 L) tlekst Bxlek
3} test 28715 Z2h= PEGE 4] o€ & 4= ok &
3t PEGE 2 QA7 thAAIEE 28] AASE A4
(217218, phagocytosis)S EFH OS2 W& 4= glrjar
delA glom, o] ‘2Bl (stealthy EFEFILE ) o]
282 G312 Ba) k2 Grke A WolA Yaks X8
Folo] arpAo g Tadt 4= glom X g9l QM Azt
AFsld ko] E8S =Y 4 T [27-30].

£ A7l A= PGSS 3782 018314 coriander 9] <
A S 93l coriander AH7t BRE PEG PIARAE
AzstH o, omf &&=, o4, =& A719] ST I
2kl Az 547 B9 Aol vAe 9T AR

W

Hu

U

x

=

B AFrof| A= theFE=E coriander 3 (Pacific Institute
of Aromatherapy, USA)E AF8-3}903L, coriander 5
T3] sl FAET EAFF 3350 Dag] poly (ethylene
glycol) (PEG) (Sigma, USA)E A}83}33t) Coriander 3
9] 24 alkane (Cs-Cyo) (Fluka, Switzerland)S ©]-8-3F
retention indexZk VIS 3] 3RIsI¥ o, WREFE
A (internal standard) 2= butylbenzene (Tokyo Chemical
Industry, Japan)=- AFE-81ATE 294 FAIZE 99.5% =
9] olikslerA: (TSRS, gl E o od Al |l

o] AR&-skitt.

o3

Coriander 7} B-UE 184} vlHFAk] A|Ze AL
 PGSS A3 AR AAH o2 AA Aztste] ARg-st
Fom, o] FA= olxkalekA FUR, EFE E AREE
T304 Stk & ATl AR PGSS A9 Tt =
Fig. 20l Jehl3ic). olxkslekie 71~5-2F (Gas Booster,
model AGD-75, Haskel)E ©]-8-3}o] 71QsloH, 71ts
orklekae V5 Fo TR A9 F 4ot
PEG7} E0i9JE &3R8~ (SUS A2, 33 80 mL)ol| 3+
HAk. o] EFETI= T A (view cell)©] FEE O] YR
o] 71s3t=E AAEAT. AR Ax 2 IFE 3
AP (o122 AE, F) 7.9 L) Addolls S3golo] B
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It o] A= oW, AR BE Rl 917 1/4
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el AAe] =9} 2 dAHSA FAHAH

offt 17
ol

K
F
]
P
P
1
J
— vent
~—~
. CO,cylinder E. Pre-heater I. Nozzle

Gas booster F. mechanical stirrer
. Valve G. Mixing vessel
Check valve H. Stirrer controller
Fig. 2. Schematic diagram of the PGSS apparatus used in this
study.

J. Expansion vessel
K. Relief valve
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A IEAR] PEGE YA olxkstetio] 71kl 2
3 AgolMe] J=d B Bk 2ol 8-8%H, 24
oliksletAe] Qfgo] F7Istl wet o e 254 8§
Ho} B Adox= E. Weidner 5 [31]9] &J8] <7-¥ PEG
of A olitslerio] AEY ATFE VIRE Sl FHX
7S AAQsATk Y9 AT ABEE EYE 45, 50, 60T
A 259} 75, 100, 150, 250 bard] 374 b 24
100, 200, 250 pm2] == ARE-3le] S =3P}k

I 5= o dH £5-87] Holl PEGS} coriander -
£ 10 119 AP R T3tete] ¥ $ o gH oliksiea
& 34 dHoZ ISk 2417 w1t wnkste] E3tekY
o, o] Wf I3 2% ¢ 2L s FAEHES
SHAE Wi dzo] 7hsdk B S 3 E3Ee] 85
FEIE RIS & &S 5l A, dete] AlIRE AL
AA HAIPARE Azstnh vAEAE AlRe =5 AR
olal) A ulA HA (droplet) W o]AkslgriT} wE A
gShaA] Ao 2RE A& & AASH] whiol
o] FofZlt}.

o E

SEM 24

Coriander 77} B4E PEG vAIYAIe] dx}=7]9} el
= AAASEAPIAFER) ] (field emission scanning electron
microscope, FE-SEM, JSM6700F)-& AR&-5te] EA514 Tk
EkAs H|O]3Z (carbon tape)E £ 4 floll AlEE AH
slo] RAA7)AL 10027 Au-Pd 8 F B9

JtA IE20lEdE D] 8M

Coriander -] FoAE B4 B 0|23} A&7
(flame ionization detector, FID)7} F3te 7}~ A2nlET
237 (gas chromatography, GC, HP-5890 Series [[)S ©]&3
Sgom, Aol B T&2 FEEA]7] (mass spectrometry,
MS, Agilent 5973)7F A2 H 7}~ AZvETH Y] (gas
chromatograph, GC, Agilent 6890)= ©]-&-3}o] #2413} ch
ol W Ao 2= v54 7l DB-WAX (30 m x 0.25 mm
x 0.25 um, J&W)E AR8-3F3ATE GC/FIDY 7% 2% 22
3-8 50 CollA 230 C7HA] 20C/ming] =2 A=5A17)aL
230 CollA] 8i7F 257} FAIEES Atk Rk~
TE A (H)2 AHSSIAT ABE 1 WL 30 : 19 split
o2 FYstHon FFe] 2o} HEV]e] 5= 250C
2 FA8I GEMSY B9 2% 2233 60 CollA
240 C7HA] 3C/ming] 745 £E=2 AA3ATh FHT<
25+= 250TC, line 5= 260CE $-%]8}3 1L ionization
voltage ¢} ion sourced] == 247} 70 eV} 230TCE A4
3tk AlEE 1 uLE 30 1 19] splito 2 FHsqom &
WA dF (He)S | mL/min®] F&50 2 AM8-813th
Az APES 18] HE-EFEZZE butylbenzeneS
o]8319.0™, GC/MSe 2J3)] F2]% 2} peak2] A+~ mass
spectrum library (NIST, WILEY)$} HlwE S8 £415191T}.
HYEM 9 HEEM

Coriander 2] T8 ¥ B4 AFENOZ alkanes
(Cs-Ca0)2 AFE31] retention index 2} Hlwale] SRISIITH
AL DB-WAXE ARSI T B4F71L8 GC-FID £4
WY FAHA =Ty 4 AR retention indexZk
2 9] Foi3 28 o] &3t ALtttk

log; (unknown) — log;. (n)

log, (V) — log, (n)

I =100|n+ (N—n)

2)9] Ao A I+= retention indexE, ne C,o] B4 F
2 NE 9 84 FE ¢ (n) S C,9 retention timeS,
t (V)& Cor 9] retention timeS, ¢, (unknown)-& MX] A%
peak®] retention times WERATE A4FE retention index+
T3%49] retention index 2} mass spectrum library (NIST,
WILEY)®} Hlwate] S ZRlattt [19,32-36].

PEG®l| 5% coriander 2] &=} 59 &8 (entrapment
efficiency) oFf9] 21& o]-&3t] ALkt

. Az v MYAZ corianderB-2] %
3.0 31ak (0, —
e oo EESENEEE
THEE (%) =
AZR PHUAT AAF FE coriander o] F 100

AZH v QAE corianderd -2 oF



382

=

Znt ¥ o

22} =9

I
2O GAIZ 0] &3 mA AR} AZTAAA THHE
24 =9 42 AR Fejoh oFee] S asol
2 JFe MHE Ao FEA Utk PGSS THL ol&
stod PEGE] PIAIUYAE A|Z=817] #1381 100 ume] =&3}
50C, 250 bare] &%, 8 ZoM AFS 35Tt
Fig. 395 34 A PEGH PGSS 374 ¥ PEG YA
SEM 4 Z7E Yehla dck 34 A PEGE B3
3 4 FES Kol 9o} PGSS 4L Bl AlxE
PEG?] ¢ 78 a4 FeE 7S € 5 Ao

(a)

Fig. 3. SEM micrographs of (a) unprocessed PEG and (b) PEG
microparticles prepared at 50°C and 250 bar with 100 um
nozzle.

75 -

100

Pressure (bar)

150

45 50 60
Temperature (°C)
Fig. 4. SEM micrographs of the essential oil loaded PEG

microparticles prepared with 100 ym nozzle at various
temperatures and pressures.

PGSS F4S o] &3t YA} Az o] x| =7]9
o= BAME dA9] 3s) Lo oESt 133 £
= 34 2ot ol 7P IA ojEsh, 9 =4
A 22Tt SUVEGE, 98 E A gEo] A
TE 133} Soe =HZth ol =4 133 &5

gt o2 g 73 YA P FES ARES
Alsget [8-9].

Fig. 494+ &9} 2 wislo) uj2} Al 2% coriander
Af7F B4 PEG PIMEAE] FEIE HoF=a Qick 19
o] YR ule} o] g9k ZholM 57t S71ETE
FiF ez o 7320 YA AN (Fig. 4(a)-(c)),
A% 2= hEo] Tage wet o 73 YAk
7} A= AT (Fig. 4(d)-(D). ol= A Aagh A= 2ol
o =¥ 13} £58 7HEFE 73 MR A
=7] wjFoltt.

T dA2E A Shg o] MslEe wel YAt =
Zelle & AJol7) §le-S Belom, ol9h e Avk= M.
Rodrigues 5 [1], P. Sameer 5 [8] & J. Hao 5 [9]¢] I+
A Mz BR1EE 4= Qi) AWhH o g UYL T oA 9t
o] F7Vg we} aiEAlet A EEe] HErt oA,
3= A Al g8 S Wil 4Rk Ve
Zopxict. wHA, qtelo] F7lshd EARE AF Wellx &) A
A el w2 HZo] uFPSE7] wiFol| AR A7 &
7¥et 7 ok webA Fig. 404 BHofF+ AXH 98%
of| A o Wy} YAk 7)ol wXl= Fae] Aol YERA|
B2 o= flollA AW F Q2o ME AFE | 28
7] WEo R Als )

rome 2 ]

Fig. 5. SEM micrographs of the essential oil loaded PEG
microparticles prepared with 100 um nozzle at 45°C and
different pressure: (a) 75 bar, (b) 100 bar, (c) 150 bar,
and (d) 250 bar.

PGSS 374 ©]83F nA|YgA} A Ze] Aol wh=w,
A tE AN 257t Z71st) wet 1383} £50)
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=24 33 (agglomeration)® AxP7} A= L YAk} =
= 2710 [1,8-9]. 2y £ aels I %
Z04 34 2% W} w3k YAt A7) F FFE vIx
7 ks ﬂ"]o}‘}i‘:} ol £ ATellA °l T =
o] quu S A=Y 1 SR & 2% 209
= A %}}}7] oz AJztE] o),

Fig. 55 45C9] 2xx700A 4= 37t wfe} A==
Qo] Bhf AL Holz Qe agex BE nie) 2
o] YFLE A o] FrIstel wet o] B2 7|E
(pore)S 7= YA AXEES & 4 Ak ol 2
The geo] S7IRtl wet whe 1193t ST E 7R, oA
Y =] UEEE oikslgkare] o) i os wY]
mj2o g Al2H [8,37]

r_\ll__lﬁi_

X

=& 372 S

Fig. 62 l‘f: } =& 3 "‘7}011 w2} AzE YA Fel
«l SEM #2] A3= 04 Atk 71 75}3 719 A

S 7HAE 100 pm =55 A]%ﬂi 345 o & 2719

RS 7HAE =2 w8 A9 A W YA HlE
o] B Bgkom, 200 um °]4e] =ES AME-S F§- Ho
27 AR FAE A olg A= =E0] AHo] F
7l weh o 2 dFo] P, o e BAF £ 5
7HA7] wiol] o] w2 A wE3lE R Eakar AF7)E
o] Ao FERZ A3 FojAa 52 A FAH
= Aow AlgHh

Fig. 6. SEM micrographs of essential oil loaded PEG microparticles
prepared at 50°C and 250 bar with different nozzle sizes:
(@) 100 pum, (b) 200 pm, and (c) 300 um.

Coriander H{2| sizinl SUE

GC-MS #4185} decanal, linalool, geraniol, 3-dodecenal,

alloaromadendrene 5©] coriander A9 F8 AEIS 3}

215} o™, Fig. 73} Table 191 coriander 2] 2 4

3} Y GehiRch PGSS EH02 AZH AR
EO]Q coriander A9 AR BA Ay} £ 31- cordiander
ol wv]a) llnaIOOIJ’]‘ geraniol &2 7rAde W

1 alloaromadendrene = -4 évb_"% AtHe =z

ekt (Fig 7).

3 dodecenal =

Stk A 3

Table 1. Major chemical composition of coriander essential oil as
determined by GC analysis

Component Retention time (Ry) Area (%)
Decanal 6.5 24.0
Linalool 6.7 22.4
Geraniol 7.5 37.9
Cavacrol 7.9 1.6
3-Dodecenal 8.3 3.4
Dodecanal 8.5 0.9
Alloaromadendrene 8.9 8.1
Others - 1.7

counts -+
250000 -

(@)

150000 -

100000 -

nnnnnn

X

Fig. 7. GC analysis of coriander essential oil: (a) hexane
(solvent), (b) butylbenzene (internal standard), (c)
decanal, (d) linalool, (e) geraniol, (f) cavacrol, (g) 3-
dodecenal, (h) dodecanal, and (i) alloaromadendrene.

PGSS 4= Sl A=

2 1.0-3.0%= —E— 4
OE“] coriander <] &% 2— %, J—‘r = %L:_ Z:ﬁoﬂ
A ]kge] 713 ‘%E’_ 75 bar?:_] o 7 e BYES HY
Tk (Fig. 8). Whd teo] S7ietel we} eUdEe-e st
7t o] S7khe B B, ol 29l olshea
o] 2%, el W} coriander 8r2] &=t PEGY 118
3} £ 5] 2|7} B8 ‘4‘5}‘4'7] WH“‘—’E ArEE:

gutz o 7 29A o]akslerA o] Afrol i s
207 olrkelgka dw F7to) wlet ;‘7}0}741 =} [38-39].
2 olplEtAe] dee IR x4 o] &
7Fell et S7KsHAl =, ool wht Aol thigh &ai

o] Z7)5H B} =018 vl AR} A= A] A o)Ak
Slekisof] gall=o] AHE= coriander o] ol S}
SHA H™ PEGO) -4 = coriander 9] G2 WolA]
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A Eck W ko] 2713l wle} PEGS] 133} St
WA 7] G2o] 4 ol o steiish S Hatslof
A Al e P2l Bk Sl AYe AR
BRI AR A] F 74Ale] Bgo] M= gEEle] Agab]
uo] of | 54 o]l e Shelo] F7hgel it
28] S71H @ Hols o Amwt:

70

—e— 45T
—O0— 50T
—v— 60T

60

50

40

30+

Entrapment efficiency (%)

204

60 80 100 120 140 160 180 200 220 240 260
Pressure (bar)

Fig. 8. The effect of temperature and pressure on the entrapment
efficiency of coriander essential oil in PEG microparticles.

=5 AR mE BE WskE S48 A9 & Aolrt
A& BRISIAAL (Fig. 9), o1l 232 HF coriander
o] BHES =59 7S AL 2=} = 7P

—8— 50C, 250 bar

Entrapment efficiency (%)
5 8 % s

-
o
L

5

80 100 120 140 160 180 200 220 240 260
Nozzle diameter (um)

Fig. 9. The effect of nozzle size on the entrapment efficiency of
coriander essential oil in PEG micropaticles.

2 %

2 Aol A= coriander 2] P S fldl =
A PGSS FAHE ©]83kd coriander A7} EYH
PEG FIAIYAE Azt o 34 =9 o4, =& 2
717F \AIdARe] Z27), Fe 2 ZRFe] BYgEe] PAe
Qo] thate] FAFEATE 100 pm =58 AR&3ke] o]
Z ARk s 4% A9 1-10 um 2719 3
A2t FelE JepI oY =& A717) SV A9l
Folg] YA LoiFe RIS LE 2%, e Wl
we} Aol wAdRR] - 9 oY oM TG &
7}t ol uiel, ¥ 2% oM B gHo] v
ool whe} YA} vlgo] TUHES BYoH, I 2
T e B 4ol woldel weE ¥ B 7)eS
7HE AP 8RS RISkt AlZ2E PEG HAIY
ZF W coriander FF2] BUES BE 2% A 7P
o QbERl 75 bard W 7MY =2 3E EYh

a Al

B AT A 49 5 el elerreRe)
ARl ofs) aEIgon, oo PAR=YU

A 120109 7€ 149, AR 1201019 8¢ 24
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