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Influence Factors on preparation of citrus volatile oil microcapsules
by spray drying technique
FENG Yi*, ZHANG Ying', YANG Yin’, XU De-sheng®

(1. Shanghai University of Traditional Chinese Medicines, Shanghai 201203, China; 2. Department of Pharmacy,
Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicines, Shanghai 200021, China)

Abstract; Objective

To investigate the influence factors on preparation of citrus volatile oil micro-

capsules by spray drying technique. Methods The citrus volatile oil microcapsules were prepared by spray

drying technique with arabic gum as coating material. The temperature of aeration, injection speed, spray

rate of flow, and exhausting volume were observed by single factor and the technical parameters were opti-

mized by uniform design. Results The optimum condition including ratio of drug to coating material

(0. 9), plasticizer to coationg material (0.15), the temperature of aeration (145 C), injection speed (18

mL/min); and spray rate of flow (40 L/h). The microcapsules prepared by optimum conditions were

smooth and possessed average encapsulation efficency in 84. 50%, average drug loading in 28. 32%;. Con-

clusion The optimum conditions are chosen reasonably, which can increase the stability of citrus volatile

oil microcapsules significantly.
Key words: citrus volatile oil; spray drying; microcapsule; uniform design
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MME. AR MRS HPAEEHET
EOUU L, ABEERMMEESHRAM. &
B ATENER L, ZFRRARE TRER
EREERMME, HHANRE RESSKEE.H
REREESERATERE, BNETIR—FT
ThEFHERSERBIAEFAMEEFR
CEFREEATE,
1 RBSHEG

B—290 B EABEE TH LR L Buchi A8));
. 6830N Aglient SHE M (RELHABHFTRE
/) ;X130 H#iE T E %5 (K72 Philips A8,

REEEMIAESKEEERNR AR
# 82. 58%, L 5 20040709) ;AR (L X RS
B EERAE M-S X120040520) ; R RERE (EH
R E RA T S EB54582) ; P80 %f M &
(FEARTEHERASH,.GCEBEH—-AXTF
9% X (FEEHERALELELXALA.HE
WA030909,GC FRERBEBIE—LATF 99.5%).
2 HEESER
2.1 HEHWE - FEREHAE S g, 0K 60 mL
R MARR 135 g, RS R, MARK
FEE W 10 mL, FARSEHMS . BNAREF
WMEERE 0.1 g R A BT HTHETH,
2.2 WEEMGCRIZE
221 BEHRGEH-EEFERTSEEMTRE 50
pLEEHE.BS5ol BEP . BEAZHEESR. B
PR BUE NS 4 mg/mL WIS R
HHBZ13.6 g, E500mL P, BEAZHEE
B BOFREERENLT. 2 mg/mL BHEEREE
WIRE RS ML 200 mg F 25 mL B4,
WA ¢ mL 38K B 1h BES,&F 100 min
FEE1IhESERER 2 500 r/min L 10
min, HPTRR L HK 2 wl,® 5 mL REP, 0B
ik s
2.2.2 GEEG.SEE. EHAEE HP-S5.51
Phenyl Methy! Siloxane Capillary (30 m X320 m X
0.25 pm) ; B HE 80 C,4##F 1 min, Ll 5 C/min
FRE125 C:AKGETRRE. R ERE 260
C,REOBE 260 CyaW#E#E 40 LERR.
1.7 mL/min; i &1 pL. ERHEEEHT.RS
FEE. GEERAMPRBHAS T BRF.HXES
T, B} Bl R 2 3 min, 3 HE B ME ER M.
2.2.3 HEHZNONE WERRTEBERLE
# 0.1.0.2.,0. 3,0.35,0.5,0. 6.0.8,1 mL, & 2 mL

BEY.BEMAARBE . 2 mL, AEKZHESR,
SRR, LURRRENBLE . FEES AR
g i B A O AR AT R EE R, BEIE TR KA
Y=2.686 C~0.028 2,r=0.999 8, R HH N
0.17~1.7 mg/mL,

22 AWME-HERBSEENRD S0 L. KEE
20 ul ESERSRRMBEEEEMM LT E
BE)2mL, FESmL BEF.BEFMARER
0.5mL, EKZEBER HERMERBW1 2L,
ERSH g,

2.3 BHEMTE . FRNEA 500 mg B 25 mL
BEEF MAXEK4L. BE1LhHE.HAEKZ
MEA.BE10mn 5EE1h HERARERH
HEIE RERAR=-(MERAE/HMBELRIX
100 BB MM THBAG RN 28. 3210 (n=3).
2.4 SHEMHF . FREMEA 00 mg E 10 mL
BEREP BEMALKZE 2 mL, 85,2 500

- v/min) 10 min, JIEFHEMEKZE 2mL, EH

SR AEWELY. ARNENAREK ¢
mL , 3 20 min B, 51 & B 5 B HHWE,
RERHE=UETLREYE/REE)X100%
HEBME T OHENY 84. 5% (n=3),
2.5 WRHE. A HHRRRAAGHEN 3 #K
EHENERNBOFRL, HEARY HE=
BIEEER/RALREX100%,
2.6 PHEEMNER.RETRIZHMEND
BOMEES. AREESS RS H R RELT
B, LR R R s R TS A TR,
WIS W R B B0Y<RK100%,9EE K
5 4h; 0% <<R<80%, I W 4 45 40%<R<
0%, PN 3 4 20% <RK40%, N 2 2
OSSR<C20%, ., WER 1 7.
ZARF=WEGD+EBHR(TAYEXRE 0.5+
aNEEFTE<RECLH
2.6.1 HRBREMEE. #REELE SHEH
FRESTRERTEE, EHREELASE, LK
BAEEWY AREETE. ARRELR, SEE
IR BRI R TP S I 0 R T e (E
REBRE.ATFRANBAENE-SHRAERHE
BEBRT, HEH. D3 AFRS B EHE,
SIS LB KRR MR, R
= 1. EREY R R B R M
B, B9 E3MTPRBRESE. RERELRK,
AEEFHHR, KRR EBDEEA, B, %



1482 *ER

Chinese Traditional and Herbal Drugs B 38 % ¥ 108 2007 108

AESEES-FTHE.
%1 HERBENHEB(n=3)
Table 1 Effect of temperature of aeration (n=3)
"E/C RBRER/YU  HAHE/Y wE/ % BES
125 18.20+0. 31 41.69+4.64 38.10+2.40 27.77

140 19.50+£0.38 54.88+5.73 35.1740.80 33.74
155 19.764£0.34 61.63:£3.00 40.63:£2.85 37.54

2.6.2 HEBEMER. AHUBLTRBARET
BEFHTRLAE. EE&.P.K3ARAEFR
B, B G B R RS R RN
o, W3k 2, B R A HERE G P v B B T P
i, EREEMBHEBOT WAL, B, BH
HRERHREA AHRSEESRERNREX.H

W, EEEETFESE SR AERE.
n2 HEREEGER =3
Table 2 Effect of injection speed (n=3)

R/
{mL * min~!
2.5 18.94+0.T4¢ 67.3918.37 46.80:£1.32 39.43
4.0 19.26+0.87 6£2.7510.47 21-96k8.42 36.73
6.0 19.76+0.34 61.63+3.00 40.63+2.86 37.54

)ﬁﬁl/% BE X/ e/ BER

2.6.3 MESAABNEE - METHELEN

HENRE FLEZSHARR. B ROHENRED,
FhSEHER . ZHEEX . BHEREE EEM
REAEETHHTY. RER. P KIPRRANE
SEHE, HERR EXRFAREFTIMBVAER
RMEW. %3, BREV-EFSSHBR MK
EmMR IR BAERWESHEREREN
WAmMER, MEHEPRERRXGED BRHEFE
#— LR R ER.
23 BEESHEHER (K=
Table 3  Effect of spray rate of air flow (n=3)

24 HREBRHERH=3)
Table 4 Effect of exhausting volume {n=3)
HAEH/
# BILR/%  BEE/Y%
(m®+ h~1)
24.0 17.2040.73 52.6840.42 30.31+4.53 31.67 .

32.5 18.1240.12 57.41+7.32 34.48+8.35 34.52
8.0 19.3340.32 57.87+0.33 3B.89%4.91 34.81

B ) OL) R RIBE OG) R E S SHE XO B
R (X RHREE, R DPS B8t K217
5 EF 6 KPRy SRR LRSS,

x5 HORHTR
Table § Uaiform design

LC AN

BF Xt X/% X/ C h. Xs
1 1+ 1.1 15 140 15 z0
z 1:0.7 30 143 20 17
3 1:0.9 5 130 Z5 11
4 1:¢0,5 25 133 40 8
5 1+1.3 20 150 30 5
[ 1:0.3 10 155 35 14

drh{b R 2E CD=0.170 1;L2 {f & D=0, 057;
BIERE MD=0. 220 7; S H LR E SD=0. 913 &;
WEME WD=0.287 2; A& C=1.982;P— £
BHE=0.000 ;A—{E B #=0.156 7.

RBEHEH TR, G & 6 R . UBHE. A
B WESWESHEFHEETEE, LE S,

2o HNLBITER
Table 6 Resuli of uniform design
TRH RHR/Y GHE/N KE/K b5
1 22.41 87.29  43.94 FEHEE.KNBEHEY
23.15 80.73 43.15 FEIMHES, KBS
27.29 88.00  62.80 FEEXH. KB
17.77 56.24  47.26 FEEIRSEM, KNBEHY

22.07 62.25  55.69 FEFAR,.KAHY
14.13 55.85  17.19 HEMEE HETE

N e WD

f
AFRE BER/Y AHE/K
XL b

283 16.71+2.26 44.841+10.31 17.23+5.43 27.28
439 19.76+0.34 61.63+3.00 40.63+2.86 3754
831 21.28+0.33 54.80+4.33 43.46%4.54 35.58

2.6.4 HRFRHNESE UENE.CHE NXF
PR iR B P R 3 AR HERER &
B EEREAGAEEYHESRNEN, LE
4, HRRY HRATEEMEELTRE WA
KEib, RAERERS 2.5 m¥ /L BT 44T
RBZHR . AREURREY LS.

2.7 B EAREERAMWRERENSERS
B RASSRIE UBHRY ). EHENI AT
Hrig4R. R B RH RS HAIX,) 18R &

Wk B

BEADETPHERS N, CKEFAES
ARURERFREEMES AL, EEHE BT
WERTRAEABELSBEAFFT HEAR.Y.=
3.96452.04 X,—27.46 X}—0. 45 X, X,—0.002 8
X, X,,Y,=87.88+111.1 X,+0.000 781 X3—1.07
X, X,+0.55 X, X,,

SR AUMEELEREABDATF 5, THER
RS M EMAERRN P EIHH 0. 023
10,011, 3 /NF 0. 05, LS M X R B AT B
A G FE XL,

GAEFHR,E®E X, =0.9.X,=0.15.X,=
145.X,=40. X, =18, REHF L. BB AHS
B.Y,=23.82%,Y,=84.50%, W& 7.
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Table 7 Verification of optimum conditions (e=3)

THRE s/ N EHE/ %
BiF1 | . 26.93+4.2] 86. 27
RiE2 29. 784 0. 36 84.18
RiF 3 28.26 0. 70 B3.05

FARTRANEESFEFAFRE T REY
BN FRRNBEAE AT HERAR
B F 300 B G HE YA, L —EREA
£ S M 20 I R AL A L L A3 R 0 R A
fEEFE. LE 1,2, SRR HEIUREE, R
HEUAE BEERNERERERERETES~1S
pm, X — 5 B A M BEHA  B ) 69X

1 MEEFIRRA
Fig-1 Microeapsule plctures by SEM

W2 RENESGRE
Fig- 2 Distribution of particle diameter

2.8 BEHRE - EERLEGHEBAKEER
MR EREFRE - L2 C A REGIEA
MIFER,45F 0.1. 2.3 M ARKETEART
BEHENIE, L% 8.B 3.,

k8 REBEEHRER

Table 8 Stability of microcapsules

FTE RE#/ ) BEHE/YN |WE BHR/N EHE/Y
0 28.32 84.50 2 26.89 88-68
) 26. 14 88. 58 3 25. 63 88- 81

AR FRELNARBLEEEE 1 MANE
EXR. XRATFHE LA FOEAMEHETR
EEABBREER NN FBEBBTREA. 15,
BREAHEAA ATHUNBEARILBRTEIRE
HNAETRE, Bt . G EEEA /N EETH
K. REZAARG . BHETRE M AHFTL

3 3TARNEEELRHE

Fig- 3 Microcapsuole pictures by electron microscopy

scanning after three months
ABRFEISMTANRHBNEET 9. 400, A
BERERMMBATUERREEE. 3TMARM

BN, KA HERRAE RN

4~11 pm, X—F0E A EHBEHA L R 61X,
3 W '

3.1 XTEAMEEER.BLHaBnEAFEN
REMBEHNERASANWERESER. 2RESE
BU MBS EERR . SRNMRRAR
W7.76% M . ZEHANEEPEERRE . &
HBEITMABRDT 26. 8% EREBBRERE
B AR T KA RARE TR RMERE
15 LM H & B I R IR, SRS M X R
AEEHAEOULT I FAHEIEFESRE,
VHEREGEH “REREA  DEXHNK,
ALl RS — AR R AT R LA, Bk E
ERATF I ER™, o

3.2 RFEHFFAR M 2005 F(FEEGRZ
R MUEOHBE=REPAHNGR/ZYE
FEH SRR X100% . 5B AR E
b, B HREERALHE= (KD HY
B/RHB)X100% . TERETRIBHE 4
EYEHTHRERNAR. TEESHYHEE
HFHBHAaE, AR REPAENER,
o T NEAR NEHR TRBESHE &

. BEBEEERBST —ERNHE XERENE,

HAEE L R WARE S B, R
B RN R AR R RE R BB TR
BYRANEHE ARORAEHE= HEPE
BRI X 1000, Hooh i g R 254 0
BB SRS Rk BESRRE T MR
RS R L T 0 29 KR M B RE R b
W AR TRESSHAREOENHR . KB R
EHE TREFBWRENERTE, TR EH &
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B -Sephadex M EHERF RS EMPVUHENELR RASERAECRERRAATERKBAERE
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Optimizing preparation technique of Polyporus umbellatus polysaccharides
long circulating liposomes by orthogonal test
WANG Ji-hong, YANG Rui, FAN Qiao-na, WANG Kai-ping, HU Ming-hui
{School of Pharmacy, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China)
Abstract,; Objective To study the processing technigues for prescription and preparation of Palyporus
umbellatus polysaccharides long circulating lipesomes (PUPS LCLs). Methods The liposomes were pre-
pared by the reverse evaporating method. The main influencing factors were identified by single factor

analysis, then the techniques of the prescription and preparation of liposomes were optimized. The entrap-

ment efficiency and the carrying amount were determined by UV-Sephadex method. Results

After opti-

mized, the average entrapment efficiency of liposomes was 98. 24 % and the average carrying amount was
27.20%. Conclusion Preparation method of PUPS LCLs is available. UV-Sephadex method is simple
and suitable for quality control of PUPS LCLs with desirable reproducibility and the results are reliable.
Key words: Polyporus umbellatus polysaccharides (PUPS); long circulating liposomes (LCLs); re-
verse evaporating method ; orthogonal test; preparation :

BEEEZILEREILAREY Polyporus um-
bellatus (Pers.) Fr. HEIH, BEEBRESHE
BEARRS AERBNRFEEHARERY. 14
SNEREREAETRE T W, £ LRGP
HENERE RABEREEIATREN
A, FARZ M PEG) B R K HHER
¢ 86 42 5 M R 4 1 3 K B ok o DR R R R R B
RS REL LR EEE ARG
ARG EELIHERENCHEARLER
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BECLEFATRUESEBARRAY, RAEX
Btk PEG 4000 # i (4 78 5F JE IR K A9 40 37
RAHBETZ FRTHEEES.
1 {(FEERA

T2Z A RARRE (BTN RS
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