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Preparation and Quality Evaluation of Zingiber officinale Oil Microcapsules
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ABSTRACT OBIJECTIVE: To prepare Zingiber officinale oil microcapsules and to evaluate its quality. METHODS: Z. officinale
oil microcapsules were prepared by spray drying method with sodium starch octenyl succinate as capsule material. The preparation
technology was optimized by orthogonal test with mixing temperature of capsule material and capsule core, mass ratio of capsule
material and capsule core, stirring speed as factors, using encapsulation efficiency as index. The drug loading, encapsulation
efficiency, appearance, particle size distribution and stability of light, heat and humidity (using iodine value and peroxide value as
indexes) were evaluated. RESULTS: The optimal preparation technology of Z. officinale oil microcapsules was that the mixing
temperature of capsule material and core was 60 °C; mass ratio of capsule material and capsule core was 10:1; stirring speed was
12 000 r/min. Average drug-loading amount and encapsulation efficiency of Z. officinale oil microcapsules prepared by optimal
technology were 17.97% and 73.57% (n=3). The morphology of Z. officinale oil microcapsules was round, smooth, non-sticky
and uniform in size distribution. The average diameter of microcapsules was (6.30 + 0.27) pm. Under light, heat and humidity
conditions, the iodine value and peroxide value of Z. officinale oil microcapsules changed slightly. CONCLUSIONS: The optimal
preparation technology of Z. officinale oil microcapsules is simple and reproducible. The prepared microcapsules have good
encapsulation efficiency, high drug loading amount and good stability.
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VERI RIS B A 2 (RO T A 200 Bl 46 T 200
WFFEARAE I 23 BRU 2 A6 0k FH M BB IR v
KN AL, A 220 A S 3 e 9 5 TR A A 22
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25 C 5 Rzl K - 280 nm; i : 1.0 mL/min; $EFF o
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T
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Fig1 HPLC chromatograms
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E IV 0.5.1.0,1.5.2.0.2.5.3.0 mL, 435 &E T 10
mL Ff I B B R AR BT 4R 2L
TR AEHERE ST, DL 6- 22005 14 o 12 Wk B Rt A s ()
W TR AR bR () BEA T 2t 8104 23, 45 31 101 09 5 A%
Jy=5.3x10°x—4 205.2(R*=0.999 9) , F¢H 6-F2 B E 1Y
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S/IN R 10: 1HF, 1R E R . 24558, 6-Z2 R AR IR Ky
0.019 9 ug/mL, & 7R 4 0.050 1 ug/mL.
2.1.8 KEEEAR FEBEC2.1.27W T 1 6-ZHER
X R, #62. 1. 17 I gl 25 R LA 6 YK, 10 5%
WETATRR . S50, 6- LR WEH AR A RSD 4 0.15% (n=
6), FIE AT RIS R
2.1.9 FoEtiAE  REBEC2.137m N R S A TR
e, TERTHEON2.4.6,8.10.12.24 h )5, #%
“21 17N g SR T D SRR TR . 5, 6-
LPEIETH A RSD M 1.73% (n=38) , F Witz i 4 Wi
eI T HCE 24 h NFEE R
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%50 mg, 2917, 2 B AKE Y F B B 223 IR A
H G- R 80% . 100% | 120 % 114 6-22 i 2 % R
w0 2,137 TR 5k o A% A U R, P AR
“2.1.17T T g A AR T e AT E IR
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W o K ) FLWO R X LA T Y 0, 8 T — 2%
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¥ 2~3 WK o SRJE K TS 2LV R o5 T AL e 2%
MR 5 T AR R E XU B A5 TR E 100~300 °C, H KU
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Fig 2 Effects of mixing temperature of capsule ma-
terial and capsule core on encapsulation efficiency
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Fig 3 Effects of mass ratio of capsule material and
capsule core on encapsulation efficiency
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Bt 3 3 A 8 M i T R, AT RE SR DR R i e e e
FEURFR AR RS, TR 25 AR
U, EPRRE M SRR AP HE R R 12 000 r/min it —
Al . B SBEIR AT X 2 B R
SN LI 4.

100 7
80 4
60 4

40 1

A, %

20 1

0 T T T T T |
0 1000 4000 8000 12000 16000 18000

AT HFEEE , v/min
B4 BTHMEESHRAHHFEENZGYEEHEHNZIT
Fig 4 Effects of stirring speed of capsule material and

core on encapsulation efficiency
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15: 1, B S50 E R 60 °C L BEFEHEE N 12 000
r/min, % 2205 55 1 AL HE 19 40 1 4 100,150,200
250,300 CHf Rl A= 22y iR %, 455 miss T
SEAILIE IR BEXT 25 W) B R A 52 e AN B S, 25t
R W 25 TR HLE TR RS B TH e B2 3 (H 1 2
U ARSI £ B 2 T, W55 TR LA B i 1R
200 °C o W55 TR MLIE IR B X 25 W40 3t 2R (105 g D
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Fig 5 Effects of inlet temperature of spray dryer on
encapsulation efficiency
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K2, DAds o B8 hR , 35485 Lo(3) IEAS IR I i T T3
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Tab 1 Factors and levels

K . ,
AT B,g:g C,r/min

1 40 10:1 8000
2 60 15:1 12000
3 80 20:1 16000

F2 EXREZITEER

Tab 2 Design and results of orthogonal test

Y A B C D(%F) EER
1 1 | | 1 623
2 1 2 2 2 756
3 | 3 3 3 647
4 2 1 2 3 786
5 2 2 3 1 762
6 2 3 | 2 70.1
7 3 | 3 2 583
8 3 2 | 3 645
9 3 3 2 | 66.2

I 67533 66,400 65.633 68233

K 74967 72100 13467 68.000

K 63.000 67.000 66,400 69,267

R 11967 5700 7834 1267

x3 AESW
Tab 3 Analysis of variance

W% BHETIA A Hh% F P
A 23703 2 111851 8329 <001
B 50.807 2 25,404 1892 >0
C 115760 2 57880 4310 <001
D(5%) 53.710 4 13428 1,000

i Fon(2,2)=99.00;F,,(2,2)=9.00
Note: Fo0(2,2)=99.00;F,,(2,2)=9.00
FH 2% 2 1T 1, 45 DR 20T A 2 i i 4 50 1) 55 i
JER/MKIR ] A>C>B, Bl ZE b 5360 TR A IR > 1
PR > PR SR TR H 5 2 3 I 20 gt ]
HLRE A CXI P50 25 52 (P<<0.01) , 3k
B it TSN AB.Co, (T Y RIAS 1 5 16, ik
PR SRR R TN 10 1R RS B, B Rk FE 1Y
L T2 ABLCo, S Bk B AL SR S b 5 0
FIR AR 60 °C, ZEpF SHE 0BT L 102 1, FE Pk B
12 000 r/min,
2.6 IWIFRIE
S 2,27 TR )y i F et 12 2 (A 5 2
TRA MR 60 C FEM SR & 10 1 B Fpa
12 000 r/min ) [ 2 18 25 T HAILIE PR 200 °C, il 7% 34t
A FH e e A B R i, A5 3t
AR B K 73.57% (RSD=0.44% ) , V- #k 24
H N 17.97% (RSD=0.89% ) , R IL T & EM R
U, 5 RIAT B A i A 22T e R R , A PR A
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Tab 4 Results of validation tests

it I, % ey, %
1 7361 1793
2 B3 17.84
3 73.88 18.15
(i 7357 1797
RSD, % 044 089

2.7 EEXHHERETN

2.7.1 EZEMMAEEIE A5 BUb A 2 e
AL PR, R T B MRS . 4
R A LM B S BOEH A TOR I | K2 7 1
2o RIS L BT P LI 6.

10pum ETH=2.00 kv
WD=10.0mm

Date: 29 JUL 2019
Time: 11:20:13

E6 HEZmMIERMEREE(x1200)
Fig 6 SEM micrograph of Z. officinale oil microcap-
sule(x1 200)

2.1.2 Al noRiAR A B e i, R
PO B S A ASCI 5 A= 22 0 ol 20 B R A /N B 3 A
MO0 S5, A 2 R )~ R A O (6.30 £ 0.27)
pm , KR BRI AR I A TE 4~8 um 2Z [H] AR 22l e
RrA oA WL 7
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Fig 7 Particle size distribution of Z. officinale oil mi-
crocapsules
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40,6080 C FHXFIREE X T5% ) 5544 , Ml A: 223
R S R A PR 1 5 THRHEE 759% .90 % L
25 C)ZAET  MaUAE 2t A A 22l e i AR e v, A
FEMAN A ZE M AR E M AR A5 R LA 5, A= 22 AN
Az 2R AR E P R A IR AR 6, A i A A 223
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Tab 5 Results of light stability of Z. officinale oil and
Z. officinale oil microcapsules(x+s,n=5)

S _— B (g/100g) _ ‘ Jifi@%ﬁ.mmol./lfg”
HZiok i ES0e | i
0 832102 83.0104 6210.1 58102
1 830104 82.1£02° 66103 68+02°
3 828403 788+0.6° 7240.1° 75+0.1°
5 823+0.0° 735403 73402 17+0.17
10 813+03° 68.840.1" 75402 92403

TE: 555 0 K IL#L,"P<<0.05
Note: vs. 0d,"P<<0.05
R6 EZHMEZMUBEAREEZTRER (x L,
n=>5)
Tab 6 Results of heat stability of Z. officinale oil and
Z. officinale oil microcapsules(x+s,n=5)

X SR L4 _ i (g/100 ) : ‘J%,ft’ftﬁ,mmo]_/kg\
i E=2l iR E=2l
40 0 832102 83.0+04 63103 62101
40 1 830402 828102 64101 6.7+02°
40 3 82.910.0 80.6+0.6° 70202 7410.1°
40 5 82.140.1° 7715103 7240.1° 83102°
40 10 813403 728+0.1° 75402 90103
60 0 832103 83.0+02 63101 62101
60 1 83.0£0.1 824103 63102 6310.1
60 3 82.7402° 805104 65103 70103
60 5 81603 764+0.1° 67402 8220.1°
60 10 813403 698405 6910.1" 92403
80 0 832103 83.0£0.1 63102 62103
80 1 83.1£02 81.60.3 6310.1 6.610.2°
80 3 823403 785+0.1° 68103 724053
80 5 81.1+0.1° 68.910.2° 7340.0° 80+0.1°
80 10 80.740.2° 638104 79£02° 99+0.1°

T 54 FIRE T RSSO K LR, "P<<0.05

Note: vs. of each temperature 0 d,"P<<0.05
TR E P b, AR ZE A B A TR (XS
MER 3 KT IR 556 0 K H A 2 A/ I (P<<0.05) , A=
FEMAE L O BN A AR (RS INES 1 R THIR 555 0 K LA
i E AL/ (P<<0.05) , R M HOLMEL T4
FEMAE AL . PEUEMERIG T, 40 CH, U R BN AR
PRAE 53T B 5 KRNER 3 KIFIG 5555 0 K HL i E R/
Thigs (P<<0.05) , A= 2R i B BN/ AR 2031 AR 3
RFNER 1 RIFUG 555 0 K HA R 3 B/ T3 (P<<0.05) 5
60 I, A= ZE G AR /2 S AR I3 0 NSRS 3 R ANER
5 RITUH5 20 0 K AL B F A/ TR (P<<0.05) , AR 3
Rt BB 3 S AR B 200 BRER 1 KNSR 3 KIT iR 526 0
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RT7T EZHMEZHUBEEREEERER (x £,
n=>5)
Tab 7 Results of wet stability of Z. officinale oil and
Z. officinale oil microcapsules(x+s,n=5)

Bt (g/100g) A, mmol /kg
EZ5ilzed L] EZ5ilze G

W A

75 0 832101 830102 63103 62101
75 1 832103 829102 63102 63102
15 3 829102 798£05° 604102 74202
15 5 82.120.0° 766103 65101 8302
75 10 818103 69.610.1° 6.9+02° 91103
9 0 8321401 83003 63103 62101
90 1 83.1402 816101 604102 68104
9 3 829103 804103 6.7402° 12207
90 5 793402 753102 6.9+0.1° 89203
90 10 763£03° 683103 70103 97017

Vi 5% EREE TR (955 0 K e, "P<0.05

Note: vs. 0 d of each temperature,”P<<0.05
T 5 5 A/ (P<<0.05) 580 °C T, AR 22T M 7%
B LAt B I W 3 KIT A 555 0 K ik B 25 1%
/TR (P<<0.05) , A= ZE3MAE S BV /4o SR AR (E 4 AR
L RIFG 555 0 K i b 2 B/ 8 (P<<0.05) , 3R
A MR AL S AR 2 IR E T B R A . AR
PRI, 75 %R ST, AR Z R A LAt S A
{70 5 NER 5 R A 10 RIFIR555 0 K Fu A B 35 R/
T+ 5 (P<<0.05) , A= Z2 A b B L p /2 S0 (i 25 DA EFS 3
RIFhH 555 0 K b ik 2 FEAR/F i (P<<0.05) 590 % 1t
BESAET A 2 (L /2 S AR B 20 B A ER 5 N
55 3 RIFUR 55 0 K He i & AR/ T (P<<0.05) , A= 3%
THIFE i A BB FN AL S A (B 38 USRS 1 RIF IR 5556 0 R HLER
T R/ (P<<0.05) , RIHTE SR AM T, A 250
TR A I S AR
3 Tt

ASCLUHT R ZLAL R s SRS AR VE M M B b | 22
A BRI 38 2 W55 T ) A AR 2 e | A
55k I, s SEBTHATR VE #5318 7K V5 K B TR s 1o e bR A4
PR BE R o 5 A 2 B R A e, O TR A
K, Bl e = R . L, PLit T 20K etk AR
B FPEILEY VI 80 B S A IR G, AP BRBE A A
P 2R R

RIGIAH R T B SRS IR A IR b 590
JoEe B F e R 45 DR 2R ) A T R T B s,
P RA 5 0N () TS B Yok TN e B o e (B R
DR T 0 ) A B TR A UL I e B Y 4 n
TN, {F 30 3ok v 2 S0 fet S A0 P R AR, P B
PR 2577 A R R, BRI T TR A%, e
PN 5PN HIRAIE N 60 C P EE K 12 000
r/min; 55 WSS THEALAG XU R B A 305 XU R
FEVCREL, Rk, a3 AR KR B R T 5 58 . AR 220
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AR 2 R He B T 20 o ) A 2 e
AR AR 25 A B AR 2 R B .
M 3 AR A S e RS T, R B i 2 e
feie, Ho'e A BRI A I AR

2 BRIk AR S B 5 AR E AT AT, Y
FE ST 6- 2R 5 I E T AR R A R, R
A Rt — IR A SRS dun] 5 A 2
250 i R B AR

S% 30k
(1] ‘B o 2 3 (M. ARTALS : sPIE B 25 R, 2016
o7.
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