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Spray Drying Process of Ejiao Zaoqi Water Extract And Physical Fingerprint of Its Extract Powder

YAN Hong', WANG Xuyi ', ZHOU Shunsheng”, XIONG Jinke’, OUYANG Wei', LI Shuang', KANG Baorong',
WANG Zelong1 , ZHANG Zhongqin2 * (1. School of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208 , China;
2. Hunan Zhenxing Traditional Chinese Medicine Co. , Lid. , Wangcheng 410200, China)

ABSTRACT: OBJECTIVE To optimize the spray drying process of Ejiao zaoqi water extract concentrate, and to measure the physical
fingerprint of spray drying extract powder. METHODS The powder yield, calycosin-7-0-8-D-glucopyranoside transfer rate, hesperidin
transfer rate and extract moisture content were used as evaluation indexes, and the AHP-entropy weight method was used to weight, and
the spray drying process was optimized by Plackett-Burman test combined with Box-Behnken response surface method. Twelve secondary
physical indexes of micromeritic properties, such as moisture content and bulk density of spray dried extract powder, were determined,
and the physical fingerprints was determined for similarity analysis. RESULTS The optimal spray drying conditions were as follows:
liquid concentration of 0.25 g - mL ™", addition of dexirin 5.0 g - 100 mL ™", air inlet velocity of 0.41 m’ -+ min~", air temperature of
140 °C, injection speed of 10 mL - min~", temperature of liquid 60 °C , and gun pressure of 0.4 MPa. The similarity of the physical fin-
gerprints of the 10 batches of detection powder was greater than 0.9. CONCLUSION The spray drying process of the selected Ejiao
zaoqi water extract concentrate is stable and feasible, which can provide a basis for the research and development of this preparation.

KEY WORDS: Ejiao zaoqi water extract; spray drying; Plackett-Burman design; Box-Behnken design; physical fingerprint
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AL T7 AR IBCE K 45 g AL T 40 g K
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K10, 5 h, 35— KA 2 h, 55 R 6 A KRR
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1.5 h, & IFUEW, 70 °C U 4 , 45 25 WOk 4 24
YT RE 0.25 g - mL™", RIAS Bl Ji A AT 5 (1 7K 4R
WARI (860 mL) o Ak 2k iy B 2 T Aa W b
—E SR AR R, BAEE N g - mLT AR 2R
R EH AKX T W
p=m/V (1)
K, p WA EWIE, m MR A 1Y T
i, VO PREUR AR R AR R
2.2 ERAEWAAET B ELENE T EW
#ar®
2.2.1 @M @i%H : Kromasil Cg (4.6 mm x
250 mm,5.0 pm) ,Ji 8040 : LHE-0. 2% H R K, kiR
F330 °CL,H M 1.0 mL + min~", gERERE K 10 ul,
Fr U 260 nm A6 FE PR P LR 1,

R MR F RN B KE T

Tab.1 Gradient elution program and detection wavelength pro-

gram
t/min Mobile phase
0-5 10% -15% Acetonitrile
5-10 15% -18% Acetonitrile
10 - 14 18% —20% Acetonitrile
14 -16 20% -22% Acetonitrile
16 -20 22% -25% Acetonitrile
20 -30 25% Acetonitrile
JE 1 353 7 ek 37 ==X
2.2.2  JRAMBESEWRES SR 5

B S 0 I A B S R, I R E A R
100 mL, B4 47.2 .130. 8 wg - mL ™" Y & & 5 1 i
R 2 T RIS B VR 5 0 R L

2.2.3 XS HIS PRI S TR E R
1.0 g FHIEHIZIEH , A EE 30 mL, % %, 5%
FRAE , B 45 min J5 F A BEAN A2 802K o0 &, 2,
HIFE

2.2.4  [PIMERESEMAE A HeAb T 5 A3 BRI
TR A R B2 A, o Sl ) A R B AR B I B
FERRE R, 43 A BUAPERE fR B B 1.0 g T HZE
HETE I, 45 2. 2. 37 T AE i T T 45 O R A
B R, RIS P B A ot VS VR ARG 12 B
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2.2.5  LRPEEE R IDCE B8 5 A A b

RIS R TR B X R A VAR 3 Y VB T
FERRV TR, 3522, 2. 1 T S 50 F ke, B
WA R R B R AP (KT 1L5) R
AT 4 000, BIMETC T4, 25 5L WL 1,
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A — mixed control product of calycosin glucoside and hesperidin; B — spray dried
extract powder test product; C —lack of astragalus negative samples; D —lack of or-

ange peel negative samples; 1 — calydrin glucoside; 2 — hesperidin.
Bl RS R A A CH Y RO A B
Fig.1 HPLC chromatograms of glucoside and hesperidin of

calydrin isoflavones
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S 2L TR 2 W AR R TR G0 R VA IR, 4 2
DZE 6 YK, 1SR B S v 7 28 W A8 B e R
UM, W T RRRR A3 (L (%) AR X A o AR 22 ( RSD) {53
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fir, IELA 15 11 EL B A R 6] B I e 25 &
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TR AL 3, 25 R R, 638 5 0 1 4
BEAT 6 B2 1 10 7 B A [ W22 43 1] ok 104, 64%
104.17% ,RSD {EH 2. 69% .1.30% , 32 W13% )5 P i
L BT
2.2.11 B O AN R A R I e
a2 ~3,

ERFEIH AT B R (%) =m/m, x
100% n(2)

2, m S TR Ry v B R
IR B, my Ry 7K TR A R B A S T 2
Wi BT

BT AR (% ) =m/m, x100%  A5(3)

33 o my S TR TR B A
my R IK AR A W R R B i, LR B g TR
B AR E B 150 mL K 4R M 4 e, SR TS 55
THE T W42 B by, Fi 2. 2. 17 0 (8,33 25 1F I 5
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PR S BN A T 42, 2. 17 T A RS Sk T ik
FEMIAE 150 mL 7K 453 45 i v 6 38 S 8 1) ) 28 W T
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BT B 10 mg, i 4l Ak K ¥ i, 7 25, TC i ot o it
WREE N 130.9 g+ mL ™" A X R A T o
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2.3.3 WA BUAK 2 mL B FREE T,
1 mL 1) 5% BRI, 355), A S mL ¥R,
PaliE R 5], 85 C /K I 25 min, pK K i ¥8 A0
10 min, DIBEFTIR 028 FIVA TR, SR FH 2 A e 6
THAE 490 nm A AT E OB EEE (A) o
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I=
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2.7 Plackett-Burman design( PBD) i% %"’

DAAG A 8y, | B v o I A A R AR OR
Vo KB Ry, BBy, R &K
By WEEE TR Y IFH 4545 , >k PBD 150 1%
TFE Mo TR LM 25 WA 2R B X L Ui
JE X, CHERE R X R ORI ) B8 X, (7R X
WG X | 2 R il B X AR s s X, 7 A e A
BB HRREMC-1) mm(+1) WA
K-

PURUITHTEERAL, A0 48y, B S I 4
R R y, MR AR y, R Ry, (&
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KR ys B TG AR T WA W 5051 4 0.365 1,
0.2221,0.2221.0.1351.0.055 5,CR =0. 009 <0. 10,
TSRS IR AT — 2k s URIGA AT 20
FE, Wy 73 31 4 0.155 9,0.139 2,0.126 8,
0.389 2.0. 189, AHP-Jii§ ik 2 5 AUH Wy, 7390 1
0.317 8.0.172 6 0. 152 7.0.293 7.0. 058 6.,

PAS DM EPRZE G TS Y R B A HEA T A

Rk, PBD SLIR it 45 R Oy 2240 s R Lk 2
M3 T5 22 M a5 R R W 25 W A= 25 W i L HE ARl
JE R XU X 25 B PR A A GE it S
(P<0.05) , 800} bk 3 4P Z i gk — itk
Al PR AR S 00 45 AR LS B i Oy < i AU
140 °C HEHZS I &2 & 100 mL B0 S g 245 W B2
60 C Wi K% 0. 4 MPa,

R2 B AR F T % Plackett-Burman X %% it (PBD) 5 %4 %

Tab.2 Plackett-Burman test design and results of spray-dried of Ejiao zaoqi water extract

Rate of powder

Transfer rate of

Transfer rate  Transfer rate of total Moisture content Comprehensive

No. X, X, X5 X, X5 X¢ X;  obtained calycosin-7-0-8-D-  of hesperidin  polysaccharides  of the extract score
1/ % glucosidey,/% 3/ % 4/ % ys/% Y
1 029 140 5 304 70 0.3 70. 03 76.09 58. 82 37. 44 8.2 74. 14
2029 120 10 6 0.5 40 0.3 78.29 64.23 49.59 40. 61 7.68 71.24
3029 140 10 304 40 0.5 63.27 81.35 63.52 29.63 8.8 72.50
4 029 140 5 6 05 70 0.3 89.77 80.91 58. 74 50.25 8.53 85.39
5029 120 10 6 0.4 70 0.5 70.37 52.54 40. 42 42.85 8.15 62.28
6 022 120 5 304 40 0.3 66. 81 48.77 43. 66 26.09 10. 88 55.18
7022 140 10 305 70 0.5 58.99 65. 49 57.27 23.16 5.41 64.63
8 0.22 140 10 6 0.4 40 0.3 45.98 17. 44 15.59 21.09 4.48 30.31
9 022 120 5 6 0.4 70 0.5 67.67 55.39 48.76 26.99 5.31 62.55
10 022 140 5 6 0.5 40 0.5 70. 87 58.13 51.42 31.91 4.24 67. 56
1022 120 10 305 70 0.3 66. 58 54.19 47. 64 22.78 7.29 59.03
12029 120 5 305 40 0.5 74.38 83. 54 66.28 40.24 6.43 74. 14
F3 FIREAAKRE W FE T % PBD JF £ 441 3 PIKSE

Tab.3 Analysis of variance for PBD experiment on spray-dried

of Ejiao zaoqi water extract

Sum of squares of
Degrees Mean

Source deviations from the F P
of freedom  square
mean

Model 2063.23 7 294.75 6.24 0.048
X, 986. 45 1 986. 45 20. 88 0.010 3
X, 0.2523 1 0.2523 0.0053 0.9452
X3 377.89 1 377.89 8 0.047 4
Xy 68.45 1 68.45 1.45 0.295
Xs 448.96 1 448.96 9.5 0.036 8
X6 68.74 1 68.74 1.46 0.294 2
X5 112.49 1 112.49 2.38 0.197 7
Residual 188. 94 4 47.24 - -
Total residual 2252.17 11 - - -

2.8 BBD sz

fE PBD SCEG AL at b, LIS R y, \BEST
WA TRy, BETEERy, 02
W Ry, B SRR ys GG Y APFH
FEAR, I BBD X 2 W A= 25 e B2 (X ) (kA B 8
(X)) HE XX ( X5) 3 A5 e ik 35 1) PR 3Rl —
A, A ERBCEMC-1) P 0) (m+1)
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F42.67 WU Jy ik H o, 5 68 bn 1 4 A AU
We 53 51 8 0.261 1.0.261 4.0.256 4.0.168 9.
0.052 3, A 5 MENHRARIZES TS Y S R {E
T ZE ik, BBD Sk it 545 L3R 4. DIZREIT
Y XX, X, X T Rk m R LA TR
RN Y =89.042 —2.42X, +8. 11X, +8.567 5X, —
7.045X,X, - 2. 845X, X, - 5.31X, X, - 12. 153 5X,° -

11.393 5X,” —16.568 5X,°, J7 224y Mrah 260, Al
IR P <0. 001, 22 ST K SE A B & (P >0.05)
UL RL L & B4, #EAE T (X)) | 7F KUK
(X)X YHEAFREFW(P<0.05), % KR
ZEZHEAEMAEZE (P >0.05), ILEKS,
25 DR 2% (8] 22 EAE T A e 7 T AT L 45 TR R R SRS
PR S A B WA 2 ~ 31T FEARAIE Y
H5E Y R RTS8 2 o L
E3ANRER RIS EON : 25 W 25 5 ik
0.259 g - mL™" FEAEHEF 11.539 mL + min ™",
PERKGHE 0. 412 m® + min ™", RS PR A, K
T 72 2 A 2 TR R 0. 25 g - mL T R AR
JF10 mL - min ™' CHEDUXLGE 0. 41 m’ - min "',

2725 7 2025 4 4 55 60 55 7



R4 MR ARERF TR BBD LBkt KR
Tab.4 Box-Behnken test design and results for spray-dried of Ejiao Zaoqi water extract
X, X, X, Rate of Apowder Tranéfer rate of Transfer ra?e Transfer rate [?f total Moi.sture content Comprehensive
No. obtained calycosin-7-0-B-D- of hesperidin polysaccharides of the extract score
Zgeml =t /mlmin =t/ min =t g glucosidey/ % vy/% va/% vs/% Y
1 0.33(+1) 10(0) 0.3(-1) 70.34 48 41 4.2 44.87 40 68.77
2 0.25(0)  12.5(+1) (-1 68.36 3.4 48.96 41.36 6.54 65.62
3 020(-1)  7.5(-1) 0.4(0) 55.33 30,49 32,48 39,66 6.46 .03
4 0) (0) (0) 76.74 55.82 63.27 5.27 489 78.39
5 (+1) (+1) (0) 87.68 7.00 80. 67 8. 14 491 93.87
6 (0) (0) (0) 4. 82 39.73 2.7 51.03 461 65.82
7 0) (0) (0) 88.32 71.78 79.31 59.55 5.08 o 11
8 (-1) (0) (-1 74,05 39.07 2.7 48.69 418 64. 40
9 (0) (0) (0) 34,69 27,14 28.48 35,15 7.05 0.7
10 o) (+1) 0.5(+1) 68.80 56,61 64.97 558 4.84 74.30
11 (+1) (-1) (0) 82.36 61.97 71.36 53.50 4.91 86. 60
12 (0) (-1) (+1) 35.78 34.10 41.25 35.54 7.12 49.33
13 (0) (0) (0) 54.43 25.22 36.35 37.42 7.34 51.08
14 (-1) (+1) (0) 87.36 76.54 88.46 57.32 5.19 97.55
15 (0) (-1) (-1) 78.51 59.98 66. 35 52.34 4.96 81.29
16 (+1) (0) (+1) 68.48 47.62 52.95 42.81 6.16 68.38
17 (-1) (0) (+1) 61.95 38.22 40. 06 40.57 5.62 58.48
RS MBERAAKRREFETE BBD Lk £ 447 2.9 BAF LR

Tab5  Analysis of variance of BBD experiment on spray-dried

water extract of Ejiao Zaoqi

Sum of squares of

Degrees Mean

Source deviations from the F P
mean of freedom  square

Model 4090.72 9 454.52 871 0.0047
X 46. 85 1 46.85 0.897 8 0.374 9
X, 526.18 1 526.18 10.08 0.0156
X3 587.22 1 587.22 11.25  0.0122
XX, 198.53 1 198.53 3.80 0.0921
X X3 32.38 1 32.38 0.620 4 0.456 7
XpX5 112.78 1 112.78 2.16 0.1850
X 621.93 1 621.93 1192 0.0107
Xy 546. 58 1 546. 58 10.47  0.014 3
X3 1155.85 1 1155.85 22,15 0.0022
Residual 365.27 7 52.18 - -
Lack-of-fit term 70.34 3 23.45 0.318 0.8132 2.10.1
Pure error 294.94 4 73.73 - -
Total deviation 4455.99 16 - - -
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Fig.2 Response surface diagram of interaction between various factors in the spray-dried of Ejiao Zaoqi water extract
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Fig. 3 Contour map of the influence of various factors on the comprehensive score in the spray-dried of Ejian Zaoqi water extract
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Tab. 6 Standardized conversion methods of secondary physical indicators of Ejiao Zaoqi extract powder

Indicator Unit Range of values Transformation formula Indicator Unit Range of values Transformation formula
MC % 0-10 10-X Ie - 0-0.2 50X
H % 0-20 X2 1C % 0-1 10X
Da g mL~! 0-1 10X 16 - 0 -0.003 2 000X
De g-mL-! 0-1 10X D5, wm 0-10 10-X
IH - 1-3 2X Span - 0-10 10-X
a ° 40 -55 X/10 Width m 0-30 X2
TE: X - SR AR U
Note: X — original values of various physical indicators
RT M BOCEACRE T = R AT W AT B E
Tab.7 Standardized values of secondary physical indicators of Ejiao Zaoqi extract powder
No. MC H Da De H o Ie IC 1o Dso Span Width
1 5.73 7.18 2.26 3.64 4.84 4.89 4.29 3.80 3.74 3.98 7.91 6.28
2 5.95 6.87 2.56 4.41 5.17 4.89 5.37 4.20 3.99 4.75 7.52 6.50
3 5.48 7.58 2.10 4.03 5.77 4.84 5.03 4.80 4.13 4.55 7.61 6.51
4 5.82 7.11 2.00 4.00 6. 00 4.78 4.99 5.00 4.13 4. 69 7.62 6.33
5 5.68 7.02 2.14 3.96 5.56 4.89 4.92 4. 60 3.57 4.29 7.75 6.43
6 5.72 7.00 2.09 4.03 5.77 4.78 5.03 4.80 3.85 4.37 7.69 6.52
7 5.70 7.06 2.35 4.05 5.17 4.89 4.94 4.20 3.97 4. 65 7.49 6.72
8 5.62 6.94 2.23 3.98 5.36 4.94 4.90 4.40 4.05 4.59 7. 60 6.50
9 5.77 6.96 2.14 3.96 5.56 4.84 4.92 4.60 4.11 4.58 7.57 6.59
10 5.75 6. 96 2.33 4.17 5.36 4.78 5.14 4.40 4.12 4.55 7. 64 6.44
R 5.72 7.06 2.22 4.02 5.45 4.85 4.95 4.48 3.97 4.50 7. 64 6.48

2.10.3 W3R SCEE R M AR B TR
W 10 HE R B B B A S B 45 R 2 R Ok
B 200 4 R LI 4 3 O R A Rt R R 33, 4%
HILIE 5, SR Origin 14X 4 2148 S0 15135 3517
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Fig.4 Physical fingerprint of 10 batches (Gl — G10) of Ejiao Fig. 5
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Tab. 8 Similarity evaluation of physical fingerprints of 10 batches of Ejiao Zaoqi extractum powder

Da

De

Reference physical fingerprint of Ejiao Zaoqi extract

Batch number Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 R
Gl 1. 000
G2 0.973 1
G3 0. 962 0. 965 1
G4 0.948 0.959 0.991 1
G5 0.975 0.98 0.988 0.987 1
G6 0. 964 0.974 0.991 0. 994 0.997 1
G7 0.983 0.992 0.98 0. 969 0. 986 0.981 1
G8 0.982 0.987 0.989 0.984 0.993 0.991 0. 996 1
G9 0.973 0.981 0.991 0.992 0.993 0. 996 0.991 0.998 1
G10 0. 980 0.993 0. 986 0.982 0.992 0.991 0.99%4 0.997 0.995 1
R 0.981 0.987 0.991 0.988 0. 996 0.995 0.99%4 0.999 0.998 0.998 1

TE:R - bR R SR

Note: R — comparent physical fingerprint spectra.
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