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1.2 FENEH

AH-NANO B & R AL, ATS Tolk R4 H
FRZSH] 5 YC=501 W55 T HRAL, iR as i 5
A R 2w ;MASTERSIZER 3 000 8 5% #7 B 1%,
Malvern 23 7] ; SUS000 4 Hi - I il 8% , H A H 37
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ZE R PR AN, T 0t B A A RS A PR
MW-T & K5, F M2 B A R A
Intrinsic  Plus 3} 2% 7K 2€ =, W [ X , Surface Mea-
surement System 2 ] ; LHH-150SD 255 25 & B2
PRI A, L —fE R AR A R A A SHH-
100GD-2 24 it s BURHR SO A, HE DT K A= S5
(E T
1.3 FHi%
1.3.1 BT R4 H THREY (HPE) 6l & F
RHF B2 a5k, of 60 H i, #%
RHTFMBETFHATEL 1:1RA, MAGE
60% 1) £, T W, T8 I 8 75 L, Hih g e 2R K
BEDL, B0 B BV, PRI 28 R R VR T 15
%U I_IPE[IZ—B]O
1.3.2 AR A H 42 BV (0 28 (MHP) Y il
& RIS T vk 6l 4 MHP, 4 1& & HPE 1
0. 1%t BT 1 SR H BRVR A, IR 85 K B P
it , B A ZL 5 A 1 52 A BEM VA, 60 CTF
5 8 B¢ P 30 min, 7€ 800 Pa JE J1 F |, i ¥ i &
M FL, WSS T4 ENAS MHPY,
1.3.3 R RACBOR It
1.3.3.1 (R4 BB I S IR Zha S04
771, % F NaNOs—A1(NO )5 1 I 52 5 5 i & &
VEREPE A 510 nm P2, AW EE (V) MM AR, 2
TR B (X)) R Ak A, 2 AR v £ 45 210 b o it
2k 7] 9 77 4 . Y=8.8057X+0.0308 , R’=0.9975,
1332 WKRELLZHANE S 8 Santos! ™Y
J5 1, SR A BRI vk O E IR S I B 2 W
VEPEPE A 765 nm P2, AW FE (V) AL AR, B
PRV BE (X) MR AL b, 2 il b o i £, 75 3
Y 2R 81097 72 . Y =59.634X+0.005 , R?=0.9992
1.3.3.3 (B R KR A RNITE B
G H SO 7 3 U A5 ARG A A TR B 2 T R
T B 3% 22 W i HaC (1~2) TS IO 4 1
B 22 AR X (B~d ) T ol e B 1 T
Z W2y,
HER A (%) = [(H—H,)/H,]x100 (1)
LR (%) =[(6=6,)/G,]x100 (2)
W25 (%) = [(H\-H,)/m]x100 (3)
ZW#E (%) = [(G1—6,)/m]x100 (4)
o H RS B A B me s H, R

PR T B mg s G N TR B 2 i
mg ; G A T 4 3 THI B B 5 38 mg s me o RIS 4 B

JitE ,mg,
1.3.4  BUEF R4 H IR A 52 B0 U0 28 1 il 2%
T2k

1.3.41 HEHEEMAGHERE FETHCHR,
I3 B SERRE + BT R A E (MD+GA) B—¥F 4
Ka+BI R (B-CD+GA) . WK +FLiE
(MD+WP) B-H#ik5+FLIEHE [ (B-CD+WP)4 Fif
SRR (B 1:1) , % FEIE Y & & 20%, 45
MEEM R EE 1:2, JERHEE 8 o/min, I XUEJE
180 °CHY Z A1 25 14 |, il % MHPM,

1.3.42 HRERLLE  &EHFEEES 8 v/min,
IE W) 1 20% , BEFECBE L R A BE A E L |
HERGREE 3 AN &R SR Horp— AR e e
HEAAL, AT RS, £5 B R 2 AR it 4
He NEEL 2:2,2:3,2:4,2:5,2:6; OB
(MD+GA)3:1,2:1,1:1,1:2,1:3; 3£ X & JE 150,
160,170,180,190 C, 43 #7145 515 2 X7 MHP {23
B &2 i AN

1.3.4.3  maRi iR T L5 fERH R
¥ iy 3Rl | 2R ] Box—Behnken #EATIR B B3, 1k
BUGRBELL (A) XU (B) (BB BEMIEL L (C) N
PRI 3R A2 o, MR 40 A i 28 1) B ) | 22 0 300 6 S 4%
2 #57 AHP-CRITIC AT AR, DL %%
LRV (V) A AR, SR = K2R =K 8 e )3l
kAL T2 R A& 1,

F1 WEERBEZESKER
Table 1 Factors and levels of Box—Behnken response

surface experiments

3l
LB (A, . H_ 4B B
K ( KRB
HPE:MD+ e (C,MD:
(B)/C
GA) GA)
-1 2:3 150 2:1
0 2:4 160 1:1
2:5 170 1:2

1.3.5 (oI 4 45 40 e 1k R A
1.3.5.1 TR AL T FREC— %2 Jii &t MHP,
15 FH I8 B A3 BT 1SN S R ORI AR, I AR R
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FHAR BRI 528 1,000, Bk 3 513 R 1.520, B
B SA 0.100, 8F 2 TA] B 1.00 mm , 5L
Mie #8123 S JE 77 0.25 MPa, i JH 5 #fE SC i B

i,

1.3.5.2 ARl FRME (SEM) bt K AiF
MHP 1 HPE #7E# 4 & L0y e b, 78 18
ST X RE S 4 HEAT SEM S,

1.3.53  fH B AR e 21 48 6 3% (FT-TR) A Ky
FEIUAE & 5 T2 0 KBr 7850 0F 88, 2047 6 R, R H
FT-IR &, 23 3% K 4 em™, 1E 500~4 000 cm™
WAL P, 50 32 YR

1.3.6 R0 FAL 1 o )

1.3.6.1 HAESHE (TG KM 5~10 mg 77 I AF
fi o TGA W, 0 40 mL/min, &5
Fil 30~350 °C , FHiE # % 10 K/min,

1.3.6.2  ZE/R HAl AL (DSC) KM BRI 3~6
mg TFIAE 5 UEAT DSC M, AU HE A 40 ml/
min, &G E R 30~250 °C, FHEEZR N 10 K/
min!,

1.3.6.3  TURHESACRIM A FK 2.0 g HFF AL
i R AT R AR AR A L T FE K
HEATIK A3 T i DA

1.3.6.4 ZhA&THEMHEE K (iwshgril
B4 5 SR YR IR B SRR, BT AR
MBI 80%11) 25 °C, THIET 45 24 h,24 h J5#k
L (my ), B A5 DU b 0 2 R P Pk L T
(ma) o W25 FE S I FR B O B PR T
W24 h, FRET B (my) TSR R B ALEE AL
R 3 6y, 34X (5) IR BB %,

%”EK%E(WM = [(ma—my)/(my=m,)]x100 (5)
1.3.6.5 &K ZETWHH(DVS) KM FRIX 30~
50 mg FFIAE S PEAT DVS K, 8k # h 0%-
95%—0% AHRX I HE (RH ) W BiE e B 7K 2 LA 36
R R 25 °C, AR #E S 200 mL/mint™,

1.3.7 TR R AR e PRl

1.3.7.1 R R e R e sg . 5 5K ]
5 2% MHP 2 HPE FasE PE s, 76 &
SE R JFE T HCE 1 A MgCl, % W (RH 33% ) {4 #5112
JEREE K MHP F1 HPE 43l 418 T 4,25 CH1 60
CRIFREET AR 60 d, [ [ 10 d e — K 82 1
TR A O (6~7) TR 2 M

AR B 10,

MZ AR (%) = (g/g)x100 (6)
SUELH AR B (%) = (hlhe)x100 (7)

Xy g h— B RRE S b B 2 i mg;
g MR O KAEES PR Z B & i mg;h — 2 I R]
BES B S mg ko NES O JORE S b A B
T, mg,
1.3.7.2  JERXHIUR R E R AN
JEHR S E X MHP 2 HPE FasE M se i, Sefae
6 R B 5B M (4 500+500) 1x , F 7E ISR
T F MgCL ¥ (RH 33%) 4 #5181 54 58, f
MHP F1 HPE 4351l & T 175 W 35 3§ R A% € 38 35 O
W FEC 60 d, T B 10 d ) RE — KR, B IR R S &2
iy i, P4 R A TR B R

2 #R57e

21 HEFLEHFAHAEGYRKENHESIEMR
14

2.1.1 AHEEEMAERE mIE 1 ATAL, L MD+GA
SRy 52 BE B T AR R LA T G ) R R 22 T 1
AL, b MD+GA TR 4 1 35 TR A 22 8 17
HE 518 95.600% H1 95.534% , 5 i F1 22 B () 4%
259 1.691% 1 4.622% i T4 ZE RS B
MREE L it PAME R I A 1 fB R0 R e 7 R4 (AR
S, TR 22 ZE RS T L AR AR 130 PG 48 ) oS A i
Aok i ) I R R b et LA R
PERU FARBIORS 1 FLALRE T eSS (R B0 i HAT
A LA v ROt Kb BB e eR &,
it MD Fil GA #ATRE L, BEA 28 & ALl R e
A 0Bl M 0 B B 1 B0 1 7 i AR A B 1Y pH
B R KRR e R R AR B BE B MD+
GA 1E4 MHP ()52 & BEM

212 HHEELR

2,121 USBE FhO ol e A 1R I 8 24 (1) 5
i & 2 AT, MHP 11 5 Ji Kz 22 1 40 3 5% 1) 52 B B
OVBE A R R 2R BT E T R g, 2
OSBE F Ry 2:6 15 MHP 1) 25 i A 22 £ 31 3 3k 5]
K, 43 9N 95.543% ,94.975% ; ifi MHP ) # i
YEA - N = A N TN S N 4
Sk 2:2 W, MHP (%) 8 i F1 22 B 2% 24 3k 8 i K, 43
MR 2.587% ,6.117%", 3% 52 K by 4, 3 Ay B A 35
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The effect of wall material composition on the embedding rate and drug loading of flavonoids (a)

and polyphenols (b) in microcapsules
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Fig.2 The effects of core-wall ratio on the embedding rate and drug loading of flavonoids (a)

and polyphenols (b) in microcapsules

2.1.2.2 i XU BE X T e 0 0 3 48 K AR 24 i Y B
M FR A 3 AT, MHP A2 R 5 B R XU Y
T et mE R e s 2k XUR A 160 C
B MHP 1) 8 i 4 0 238 R 32 d sk B e s, 4300l
4 95.874% ,1.867% , 5 B i 35 22 F (P<0.01);
Y Bk XU A 170 °CHE  MHP B 2 9 0 10 R % %%,
R B R, 2 95.511% ,4.795% , {5 G ik
F 2 5 (P>0.05)1 3 0] B2 R Ry 22 3 XU 5k
T K 53 78 2 R e b T 2 e T A
B R R S INIE AR e R IRE e

I3 3 AR 25 P2 AR S5 Bk, T 28 oA s 0 28 B R
G, IR 52 M Bl e 20 114 G, 1L A5 L AR 7 3 321
I, 150,160,170 °C 3 A~ 3k XU FEEVE S Wi 7
T 3 AR

2.1.2.3  BEMFTC HbOXT TR 9 A 1 4R K 3 2Y i Y 5
M fR A 4 AT, B A RE AL BT R A R B A
3G I, MHP (4038 5 R g 2 i 25 IR T
B iass, 4 MD+GA HAE R 1:2 i), MHP () # i
W R i &, 20 310 96.024% 1 94.819%!5
BOZ R FEm 5 Tt v b A e B i A1
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Fig.3 The effect of inlet-air temperature on the embedding rate and drug loading of flavonoids (a)

and polyphenols (b) in microcapsules
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Fig.4 The effect of wall material ratio on the embedding rate and drug loading of flavonoids (a)

and polyphenols (b) in microcapsules

2.1.3 ZIEMH A TRAUESLITME R
2.1.3.1 AHP EHENE  Z R0 (AHP )
IR HUORA RINE R ITTRIZRE M ARG AL 7

R 2 AHP 35 HR A X H B 4L 55 55 BE
Table 2 Judgment priority matrix of indexes pairwise

comparison in AHP method

ISl 22 bR e R AT A A A B R T N $E e EEAL  SEmA EAWR
BBl R ] SPSSAU K AF 4347, i 1~9 4R JE 1 f5 i CEN ¥ 3 %3 %3
Z M AR (V) | B R (Y,) 2 B g E R 1 1 5 7
(Y3) ECTN 2 25 1 (Y ,)4 AP 8 b A B 48 A B % BN 1 1 7 5
FIWTPL e kG B, 25 S L3k 2, MR AN AR 1 B 45 48 SmBLE 175 177 1 1
PRIACTE W, MR A38 CR=CI/RI 4%] CR=0.011< ~_RMRHAE 117 15 1 1
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0.10, . B 48 Bi Wi T 0 W A0 56 6 B B A AR 4F 1
—HE, NERBA, 53] 4 D5REES N
W airn1=42.770% W a2 =42.770% W y3=7.230% .
W aipva=7.230%"",

2.1.3.2 CRITIC LM EAE  H TP A CHER
A B 2 5 (CRITIC 2% ) 5 — R LLIEH 48 Br 22 1]
PR X L i R T 5 A Al 7 2 O AN TR TR A T
2Rl SPSSAU FAH4 B8 04 T4k 22 (H UH —
A B e A A R W 3,

2.1.3.3 AHP-CRITIC iR & #HE # & AHP-
CRITIC J7 ¥ &% AHP #l CRITIC 048 5 9E 47 45
G BIP SRR SR RIEAKX W =
WAHP—ijWCRl'llC—ij/ 2 WAHP—ijWCKl'l‘lC—ij 5 15‘ @J g % ﬂ:ﬂ E@Iﬁ] @,
MR 2 Iy R 4 2 R R A AU R B R
40.056% ,28.766% ,19.506% ,11.669% .,

2.1.4  maR EHRE PR E T2 AR R R
B g R DL EE LG (A) 3 KU FE (B) | BE A1 C T

%3 CRITIC EZHFE&HEmETRME PRME,
EFEEEREUNERER
Table 3 Variability, conflict, information content

and objective weight of each index in CRITIC method

i e FEWO  FEBHE HRK
o E LS Bz H¥
AR E F 1 0.02 0.02 0.08 0.05
AR R 3.659 2.558 2.751 2.673
B 0.008 0.006 0.023 0.014

BEIAE % 15.82 11.36 45.57 27.26

(C)h A& WU R 22 G0 (V) g N A2 4, ]
H Design—Expert 435 11 i i 1 3005, 45 538 0 3%
4, MR 4 Y EHHETHE SRR TT
TR 1 Y=24.12205+2.859054 +0.497435B+1.66022C—
0.0075AB +0.3210324AC +0.0042BC —0.5487A* -
0.001499B>-2.16673C%,

x4 MEERBZITEER

Table 4 Design and results of response surface experiment

wpy S g Clmw Y wpy U g Gl Y

TVIDLGA) M) MDA mey)
1 2:3 150 1:1 67.204 10 2:4 160 1:1 67.373
2 2:4 160 1:1 67.425 11 2:3 160 2:1 67.311
3 2:4 170 2:1 67.057 12 2:3 170 1:1 67.395
4 2:5 160 1:2 67.147 13 2:4 160 1:1 67.413
5 2:4 170 1:2 67.397 14 2:5 160 2:1 66.881
6 2:4 150 2:1 66.996 15 2:5 170 1:1 66.946
7 2:4 160 1:1 67.416 16 2:4 160 1:1 67.371
8 2:5 150 1:1 66.905 17 2:3 160 1:2 67.470
9 2:4 150 1:2 67.308

*5 MEABEBFTESN

Table 5 Analysis of variance on regression model

7 £ kR - T e ERED: S ¥ 7 F P
el 0.6616 9 0.0735 51.9600 < 0.0001 **
A 0.2816 1 0.2816 199.0500 < 0.0001 **
B 0.0182 1 0.0182 12.8900 0.0089 **
Cc 0.1450 1 0.1450 102.4800 < 0.0001 **
AB 0.0056 1 0.0056 3.9800 0.0864
AC 0.0029 1 0.0029 2.0200 0.1979
BC 0.0002 1 0.0002 0.1385 0.7208
A? 0.0792 1 0.0792 56.0000 0.0001 **
B? 0.0946 1 0.0946 66.8900 < 0.0001 **
c 0.0152 1 0.0152 10.7800 0.0134 *
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(&% 5)
7 £ kR F e 8w ¥ F P
*E 0.0099 7 0.0014
* B 0.0073 0.0024 3.7100 0.1189
sk £ 0.0026 0.0007
B 0.6715 16 R*=0.9853 R2,=0.9663

TR RIR 28 R W3 (P<0.05) 7 R 28 7 i 35 (P<0.01)

Hi € 5 A, IZAR R R?=0.9853, R%,;=0.9663,
ALY P<0.0001, ) 2 3% , R U I51>0.05, A i 3%,
VLB NE 7 R LG RAT, %A R BEAS S ke 45 T
FH5YAMER; —RIA B .CX Y {HI 5
i3 (P<0.01), KI5 A B> XF Y {H (19 5 i 1 5
F(P<0.01), I C*XF Y {H M 5w 8 % (P<
0.05) ;3 it FAE AT, & R X Y (E 52 i 72

LA (Y)

215 WUFIRE DA LEA P4 i A
2% Design Expert FF 4538, T MHP 19 5 43 il
#% 1.2 4 : HPE F1 MD+GA 5 BE i & by 2:
3.498, MD F1 GA BEM Fist bt ol 1:1.395, #F XU
JER 162.483 °C,Y H K 67.513, 7ERIER LT, X
U B 25 T 23 785, I HPE Fil MD+GA it5
BE R O 2:3.5,MD F1 GA BEBF & o 1:
1.39, ¥E XU E N 162.5 °C, il 4 MHP, 53] ¥ {5
K 67.498+0.064 , 55 B 00N AE 42 30T, 156 BH M) 17 1
AL &S L A EE

22 WREENMERHBNE

221 WREHFHESNT BE 6 A,
il £ T 20 & 1 MHP (90742 52 1E 25 /0 #i H 38k
7R A2 (DyS0) 4 3.833 wm, Fb 3 m N

FERIRNH :A>C>B™,

Mg 17 A A 1% 32 Sz IR 7 (X AT 36 B0 1
TR B | B I U B g 7 BT T PR 3R Y el
MR, BT 5 Al U BE L R UL RS BE L
5 REA I LG B — 4R RT3 B, U P I O X X
PR 3R 1) SO B 3 5507 22 B i 2R — 30

LAV (Y)

(b)
5 &E R E/EANNG R EE

Fig.5 Response surface of the interaction of various factors
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Studies on Preparation and Properties of Co—encapsulated Microcapsule of Hovenia dulcis and
Phyllanthus emblica Extractive

ZHANG Hongyuan'?, ZHANG Mei"”, LOU Benyong', ZHANG Yanjie', SA Rongjian', HUANG Zhiwei*
(“College of Materials and Chemical Engineering, Minjiang University, Fuzhou 350108
*College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002)

Abstract In order to optimize the process of Hovenia dulcis—Phyllanthus emblica extract co—encapsulated microcapsules
and improve the processing and storage characteristics of Hovenia dulcis—Phyllanthus emblica extract, the microcapsule
was maded by spray drying method. Taking flavonoid embedding rate, polyphenol embedding rate, flavonoid drug loading
and polyphenol drug loading as investigation indexes, the analytic hierarchy process—criteria importance though intercrieria
correlation (AHP-CRITIC) method was used to determine the weight coefficients of each index and establish a compre-
hensive scoring system for microcapsules. Response surface methodology was used to optimize the preparation conditions
of microcapsules. The physicochemical properties and structural characterization of microcapsules were analyzed. The re-
sults showed that the optimum conditions for the preparation of extract microcapsules by spray drying method of core—
wall ratio, inlet—air temperature and wall material mass ratio (maltodextrin and gum arabic) were 2:3.5, 162.5 °C and
1:1.39, respectively. Under this condition, the microcapsules had uniform particle size and complete structure, with a
particle size of about 3.833 pwm and a comprehensive score of 67.498. The study on microcapsule performance showed
that the wall material composition of maltodextrin and gum arabic could be a good co—encapsulate on the Hovenia dul-
cis—Phyllanthus emblica extractive, and improve the heat stability, moisture resistance and storage stability of the extrac-
tive.

Keywords Hovenia dulcis; Phyllanthus emblica; microcapsule; AHP-CRITIC; stability



