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Abstract: Microcapsules loaded with quercetin were prepared by supercritical fluid extraction of emulsions
(SFEE). The influence of process parameters, such as operating temperature and pressure, CO, flow rate and
emulsion parameters on solvent residue and particle size of microcapsules was studied. The solvent residue
and microcapsules were characterized by headspace gas chromatography, field emission scanning electron
microscopy, Zeta potential and Fourier transform infrared spectroscopy. The results showed that the solvent
residue can be as low as 59 mg/L after 40 min treatment at 313 K, 9 MPa and CO, flow rate of 0.4 L/min.
When the mass concentration of wall material increased from 10 g/L to 100 g/L, the particle size of
microcapsules increased from 0.9 um to 3.7 um. Compared with the solvent evaporation method, the SFEE
method can effectively remove the organic solvent in a short time and the prepared microcapsule has high
sphericity, clear interface and good stability in water.
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K Zeta AAHAL, BEE H IR ST ERAT BR A A 5
Nicolet iN MX & 1S10 ff B2 AME TR, 3¢ [E 58 2R
Kem 1A HE 7000B SAHEGIEL, FEEZHERA
A]; SUPARR 55 & SH i B, 1 E 28 Rl AY
#it ; Brookfield DV2T Jeds R BT, ST WA H] s
I S, EIEAT I AL T LA R 7o
12 MWEEHMRENS&

#5001 g itz ZANAF] 100 mL EA o, finPua
firf5 203 #5 0.1 g Tween80 5 8.3 g EA Jil A 100 mL
FERK I HEI S JE A5 20 KA . FREL 0.42 ¢ PCL N
P T 20 mL yH AR KBRS A 80 mL 7K AH,
(5000 r/min ) B YIFLAE 1 min, ST

SFEE %% & fa R an & 1 iR, SEsiad 72 oo i 45 10
FES AN 2 iR .

B, B B 3 ROKARTREE,, DURE
AR EE . 5 B G FLIRAE A 5 i
TR B, DAORIE S 0 )k B TR R A Y LR
(&l 2a), BIAMIGAZLRAEIZE S, T ZHE

AL 2 XS 1 COL iR e H: DA 8 I B ik
FHLZE 5 th FI TS R IR 6 42 S v ] CO, i,
ZEHME TR R TS W COy i B

"\

3

1—CO, S, 2—GURAEHL, 3—Hihes, 4—4I, 5—I)i
%, 6—HIER
1 SFEE 3 &K
Fig. 1 Schematic diagram of SFEE device
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Fig. 2 Experimental sample
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e
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T R« B B AR AR BOREAR A A Hh Kok
JEAGM RE o FREL— 2 B IR S i, B Ak
0.01 g/L Ehil, H#ESBEFEasii s sy sy,
SR 1 mL B MUK E T 98 AR BE 2 A E

AU R 5E . FREX 10 mg Mtz X BT 100 mL
AP RTOK QB R, IR BB R 2.
4. 6, 8. 10 mg/L br#fEME, T 373 nm PR AL E
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FrBEAR AR (x ) Tl RbrEfh <k, A3 H 5 R y=
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Table 1 Experimental conditions
SN B
El E2 E3 E4 E5 E7 E8 E9 E10 Ell E12 E13
SR E K 308 313 318 323 328 313 313 313 313 313 313 313 313
S e 71/MPa 12 12 12 12 12 9 14 16 9 9 9 9

CO, Jiii#/(L/min) 0.4 0.4 0.4 0.4 0.4

0.4 0.4 0.4 0.1 0.2 0.3 0.5

e AR 50 g/L, KAHBEIREE N 1 g/L, FLFEHEN 5000 r/min,
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Fig. 3 Effect of extraction temperature on the residual solvent
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Fig. 4 Effect of extraction pressure on the residual solvent
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Fig. 5 Effect of CO, flow rate on the residual solvent

24 CO, W # M 0.1 L/min( E10 )84 /115 0.5 L/min
(E13) B, #RIsREEZE S, M 312 mg/L FEE)
46 mg/L., KIEF NI, RGBAER, -k
T, 3 Sc-CO, 5 FLI 78 /- H2 i s LU 7 1) 34
TN 53 F3ORH 2 1A sh i B b, AL e sh . AL
RN S AR ). LRI R, Y CO,
TR 0.5 L/min B, H OAASAFLRFH, Silt
KK CO, L2 FEFLM I, M CO, i N
0.4 L/min i}, #BHCR RS
2.1.4 FBRAFTHIEZERZ G YR

M6 2 RiARgE SR mT o0, 4% 00 iU e R AL AR
2.1~2.8 um Z i), BEEETE 1.3~1.7 um Z [0, &
AT DVE MM SRR oK K, sy sl s), HARHL
MR . ABUE . CO, il S BV E S HO Ui 284
MR, XN SFEE i ok i e HL 3
5 SAS 25, 24 Sc-CO, 5 FLI 4 Bk 3 fh it
TGEY B, (0 ORI A AL SR ot 1 3
JEREAR, W ALt AT O i e . 1 SFEE 3%
o T ELIR T ANK A AT, U2 B 32 IR T
FLCHRE Y, R 0 e L 3 /N e A ks i 1k
Joz g kAR e A o

2 SFEE HRA/ESHOTRLAR (152 i 25 51

Table 2  Effect of operating parameters on the particle size in SFEE

LR
El E2 E3 E4 E5 E7 E8 E9 EI0  EIll El2  EI3
5 B2 /um 1.6 1.4 13 1.4 1.7 1.4 1.4 1.3 1.5 1.7 1.4 13
FifE/um 23 23 2.6 2.4 2.4 2.4 2.2 2.1 2.4 2.3 2.6 2.5

215 MRk
W AR ST AN 2% 1 5 45 Ge v 0 28 R vk b AT T
He, 20 3.

FH 3 SCEG 25 R A, 7F 313 K. #4 40 min

AT, IERZE L IEERIBRE o 538 mg/L, fif
SFEE #:7E 313 K, 9 MPa, CO, i} 0.4 L/min (1
AT AR 40 min HE5FI5E A TKE 59 mg/L. ML
Al UL, A AESE )T vE SFEE 125 ] 76 AH [a i a) Py 4R
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Table 3 Comparison of SFEE and solvent evaporation method

SFEE R R
HEWUE F1/MPa 9 0
A 15} 7] /min 40 40
FEBURE/K 313 313
TR 5% B /(mg/L) 59 538
CO, i % /(L/min) 0.4 —
AL /um 2.4%0.2 2.8+0.3
5 1 /um 1.4£0.3 2.0+0.3
AL HER /% 64+3 61+3

e WA R E N 50 g/L, /KA R 1 g/L, FLAbE:
4 5000 r/min. —F/RICIEITEE

22 HMERENEES

U B R AR 3 32 5 T ZL R g Rt
MASCHFSE T LA L2, EZS 50 PCL i
HRE . FHIEER Tween80 T ik B . M FE LAk
Mo, ARSCE T, PCL FiE ik BE 4300 10, 25, 50,
75. 100 g/L, Tween80 BTimVk 44 1. 2.5, 5.
7.5, 10 g/L, ¥l fbiE# s 5000, 10000,
15000 r/min,

313K, 9 MPa, CO,Jii#} 0.4 L/min T, #%%
PCL Jfi i ¥k BE X I B R AR 52 M, i 6 s o

0 20 0 100

40 60 8
PCLIRE I E/(g/L)
6 PCL Jofi vk B8 X RIS B RLAR 1) 5 1)
Fig. 6 Effect of PCL concentration on the particle size of
microcapsules

ANTA] PCL Jo t ¥ BT fl s 488 1) 1 25 R4 43 i) kg
0.9. 1.8, 2.3, 3.2, 3.7 um, AJLIFE HFE PCL Fikt
VAR B NS B b7 A R S R X2 R A 2 PCL Ji
R INA R R R, O S B
AT AE R, 19 B0 BE A RLAR A D AR K, AT AN
[W] PCL & ¥k B T BT AH 5 B4k 1,08 1.52.
231, 9.11. 16.23 mPas,

AR PCL ik B i % 1Y) FE-SEM %,
Wi 7 fis .

a—10 g/L; b—25¢g/L; ¢c—50¢g/L; d—75¢g/L; e—100 g/L
Kl 7 ARIA PCL B BT UB % FE-SEM K%

Fig. 7 SEM images of microcapsules at different PCL mass concentrations

Ml 7 ATRLERER ARSI U 2 BRE JE

W, NP AEc), FURTEW, EUEL . A,

AR HEEE N, Tween80 Btk . 4 BiFL L%

R R AR AN o XN . Tween80
Jri BT T, A SCHEFEIL A Tween80 /KR RAY
R HIR 168, 143, 1.40, 1.52, 1.48 mPas,
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IR T H Tween 80 Jii e e it i T Hlm AL
JRE A FE 1.4x1072 g/L B, FLifi 5K S AR FEBE Tween 80
W & AR . B FLL R T, YA BE =
M AR R, KRR ZE A K R TAR
KA LA S 8 Y], —484 (5000 r/min )
fEREFR LA CRER, Kk, DAL AR R Z xR 2
AV NN

23 MEREAPREMRSIENRRIA

23.1 MR EMIKE Zeta B1%

TS B A K 9 K AR M 5 A OB Y R 1T
HLm I 96, SCRR[16]48 H, SRR Zeta HLNL
A XHER T 30 mV i, A G EUGOR B] A R IR A
2 MR FR Zeta UALIS /)N, fookE 22 1) D65 i) T 141 2%
RZS . R, AR ST 25 0 2 R e Zeta L
PifHH-34.80 mV, PRI B2 R U FEAL TARE RS .
232 MR EMIR E a5

PCL. itz 2 . S RERY LT AN 1 LA 8.

PCL
TR
1170
L E
1625
1 1 1 1 1 | 1
4000 3500 3000 2500 2000 1500 1000 50

HE/em!

K18 PCL. #itf % . WK% FTIR %
Fig. 8 FTIR spectra of PCL, quercetin, and microcapsules

SCHR[6145 H 4t Bz 2 A9 FRAF 148 1600~1100 cm™
Z I, B 8w, it ZAE 1600~1100 cm™ 2 ]
PR TR 0 A L A e 22 1 0 335 1 1, Tfif PCL 19
T 5 1 55 e % ) 10 i T A e 5 T P A A
o1, PRUTE B R R B REM PCL BT, AN J2& LA
i iz R i IE AT o

3 #it

AW FT AME B2 2 ot At , PCL BERE, R A
SFFE ¥ 45 ORI ARTE 1~5 pm B4 20 e MR
WIS RSEI R (1) FHEEBGRE . itk
CO, T HHAPRETE M AR, — IR T, BRIk
B i Bt 2 RO T i T e s D R BN, S AU )
KENZEE T EA/CO, “JtiR ARG SR SR, Bim]
AR I AR USRI o (2) S 28 & B A L, SFEE
TRAE 40 min PIEEEFIGR B 2 59 mg/L. (3) FLE
Jic HE A 45 ) R B R AR ) BT B, AR IE

PN, PCL ot J3E 3 ik b2 L Y2t X e 2
e, (4) SHHEEE . FTIR LKA Zeta
HLALRAE, i &5 BT A U e i LB B R, R
ey, RUEL, 1EK P REARREE N B
FELAXT SFEE IE7E B2 WU 2 1 il & B4R AL T —
SERBIS M, AT —H SFEE BB HTER G Y
AR Bl e Y o B S
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