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Optimization of Spray-drying Process for Liange Xiaoke Extract Based on the Multi-index Comprehensive
Scoring Method

WANG Dandan, LIN Shuaijun, BAI Shuxian, CHEN Xueping, YU Xiaotao, WANG Rui’(Department of Clinical
Pharmacology, Luohe Central Hospital, Luohe 462300, China)

ABSTRACT: OBJECTIVE To optimize spray drying conditions of Liange Xiaoke extract by multi-index comprehensive
score method. METHODS With spray powder flour yield, moisture content, content of puerarin and berberine as indexes,
factors affecting spray drying were investigated by single factor test. With composite score of flour yield, moisture content,
content of puerarin and berberine hydrochloride, orthogonal test was used to optimize spray-drying process with feeding speed,
inlet air temperature, the amount of adjuvant and relative density of extract as factors. RESULTS The flour yield, moisture
content, content of puerarin and berberine in Liange Xiaoke extract was directly influenced by feeding speed, inlet air
temperature, the amount of adjuvant and relative density. Among these four process parameters, the inlet air temperature and
feeding speed had significant effects. The optimal conditions were determined as follows: inlet air temperature 160 ‘C, relative
density of extract 1.07 g-mL~!, feeding speed 7.5 mL-min~!, and the amount of adjuvant 5%. CONCLUSION The optimized
spary-drying process is stable, reasonable and feasible, it can be used as reference for industrial production.

KEYWORDS: Liange Xiaoke extract; spray drying; flour yield; moisture content; puerarin; berberine hydrochloride; multi-index
comprehensive scoring method
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ARHYHB R B KA LL S R/ IN SR A 5 AR 2% 1Y
FE O RS, I SR TR A AR X
HEHmMA G FEXURE DL R g, ik izAb
TS TR T A28, VI RiZAL I it —2 Tl

et RIS %
1 #H
L1 s

HZ-1500 W25 T HRHL( LIRS RS S I £ A BR
vAl); LC-20A RSB AR A (H A S A R,
KQ-600DE £# 8 7 i1k v VA (B Ll v M P AN AR A
BN D)5 S810R AR iy B LML CEARE) 5 TY2002
Z IR 1 KPR ER) ) AUWI20D
TH A Z—HFR(BAEHH); DHG-9030
G ERFR (LI —ER 2R A PR A R Milli-Q
HRA KA (3£ Millipore 23 7).

1.2 5

LR /N BER (5 . DSTI91113-009; & &
99.56%) . IR ZE LS . DST191001-002; & &t
99.3%) 30 FI AR AR AE WA BRAA Wl 5 B9 |
HRAE 14 DR IR R YR T 2 e E h ik i
BRSHE], IR Ao B B 2 23R il 550 R T 56
Rl AT 2500 5 W% B R RHEYI HGE  Coptis
chinensis Franch. [ THRAR 26l i, B SR
WY BF 5 Pueraria lobata (Willd.) Ohwi [T 1#AR
SO, SRR AT T HAl R 2500 2 S e AT A
[ 25 8 2020 4ERbRME . S T TR A i . O
R Eigal, HAR bt
2 HEEHR
2.1 HEEIHE T T AR

PRIV 7w i . B, . A R
S 14 BREGHAR A, 8 A /K [ B 2 Ik,
B 1h, GIFIRW, HEASUWRAR, XHRAE T
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2.2 ERFR/INEERRRN B AR R S i

22.1 {4441 Shimpack GIST Cis {4 i+
(4.6 mmx250 mm, 5pm); FiSIA R K(0.2% H R
-0.3% = ZWE)(A)-ZHEB), B EEVER(1~10 min,
13%B; 10~13 min, 13%—14%B; 13~33 min, 14%
—16%B; 33~40 min, 16%—30%B; 40~55 min,
30% — 30.5%B ; 55~60 min, 30.5% — 90%B ;
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60~70 min, 90%B; 70~75min, 90%— 13%B ;
75~85 min, 13%B); s 0.5 mL-min~'; Al
J 267 nm; kR 22 °C, #EEEE 10 uL.

222 IRAXTHSES A ECH] R B PR EER R /N
B, SAREGEE, AE TERT, HH RS
il e 25 o G B R R IR/ IN B Bl B 5 AR 3R 0T R i
WL, RS e 7S, O R IR/ BT
MBS EWIEYIN 2.00 mg-mL~" RS I8 5A
W, %M.
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Fig.1 HPLC chromatograms

A-mixed reference solution; B-—sample solution; C-negative sample

solution without Puerariac Lobatae Radix; D-negative sample solution
without Coptis Rhizome; 1—-puerarin; 2—berberine hydrochloride.
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WiZs T4, PREmISS TG MR R, By
RETHE, R HER BR=(h R &/ T8 i
H)x100%.
2.5 Hdlab

FIHZEA AT 750, DAWESS T 1k K 1)
R KR SRR /NBER R B AR R A R
TN T bR, W KM N 100 4, K548
B S R BT A, R (a) . BIKR
(b). ERFR/INEERH 7 & () FIE MR R & = (IR
B8 0.25, BRI &R bR BT E e LAAH
IR AL R A2 JE BI SR 13 28 &5 F 0 () -
V=(ai/ Amax*0.25+bpin/ bi*0.25+¢i/ Cmax*0.25+di/ dimax*
0.25)x100
2.6 EEHIE WSS TR T AR AR

AR SB35 B 5 T v R LR AR X B L
VR RE | R XU RS BRI A S R S T T
ZINEEHER
2.6.1 HREGEAHXTE RS KA 5% MRS 1Y $E
W, MIXTEEBE W 1, PEXOIRE N 160 C,
PR EE 10 mL-min~' W55 A MF, 10 EmE%
TR AR B AR L AR LA B ER R /N BE B A
WREM G, PO R IOR G AH X 25 B8 Xof 15 55 g
RORBYSZm, S8R WK 1,
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Tab.1 Results of relative density test of extract

X, kR, FKSR TRRUNEER AR/ 5h
g'mL™! % % ug-mL™! pgmL™!  TFAM4)
1.06 80.33 5.35 20.31 18.72 97.80
1.07 81.94 5.42 21.12 19.31 99.70
1.08 76.92 5.56 20.34 18.99 96.23
1.09 72.85 5.62 20.92 18.79 95.15

B IR BURE BN 1.06~1.07 g'mL~", i
BEEREIN, R AR TR 1.06~1.09 g-mL~" B
KRR RIS, EARE NS BT R,
HE R 1.07 grmL ™ B AR R & ik (A
o AN AR R T < NG T N € [ 2
1.07 g-mL™" 25 5 2% {4 T i SR R /N BE el ) 5 f ok
BT, GRS RRAR, AR
1.07 gmL~" AP 25510 B o
2.6.2 IEBCESE KN SO A HRIUR, AT
BN 1.07 gmL!, SR EE B WL 2, BRI
TN 160 C, Mm% T AN bR, &
IKF DL S ER TR /INRE R B AR R & i, P IR
XTI 5 T R s, S5 LR 2.

<2 B“REEEERRLE
Tab. 2 Results of feed flow rate test

PERCRIE, R gokEy HmUNERY BRE S48
mL-min~! % % pg-mL~! ug'mL™! PS4
5 81.71 5.02 21.07 19.21 100
7.5 76.86 5.61 20.37 19.08 94.89
10 74.22 5.66 20.54 18.93 93.88
12.5 72.26 5.73 20.90 18.71 93.16

MR v BB M R E S~

12.5 mL-min~', Ff2E R EBEAIGN, k3R
BIREMERETREEE, BZHRRNSKER
W, BRI /NG i eI SRS
AT R TR,
2.6.3 HEXUREE B SYRR R R EOR
FEXTE B R 1.07 gomL~", 1R R e L% 3,
DL 10 mL-min" SR B A5 TR, 10 SR mE
TR AR IR | B KL K R /N BE B A
BRI A, PR XU I X 2 g sk R
SR, 455 IR 3,

5 T Ve PR O B R R 7E 160~190 C
P, B HE XU BE ARG I, S KR R N
B R TR, T7E 160 CA&MT H#RN
HEE, £ 170 CHMAF T BRE &2k f| g,
TEFE KT IR R 180 C A F &A1 5 -
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Tab.3 Results of inlet air temperature test

PERE o, sk HhRUDEERY BRZ SG9

WRE/C % % ug-mL™! ug-mL™' A5
160 92.75 7.56 20.01 18.28 96.58
170 90.58 7.48 19.32 18.36 9491
180 92.04 6.56 19.28 18.13 98.40
190 86.69 6.97 19.06 18.31 94.09

2.6.4 HELIMA R FEBORHRIR I & L3R
4, B HARN S ] 1.07 g mL-t, JERGEE N
10 mL-min~", #F XU R EEBEE N 160 CHEEH R
W55 TR, OIS TH R I 3 . Bk
FEDA S ER TR/ NEEGURN B AR R 1 B i, PPN R AU R
FEXTE 55 THRASCR A, 25 R 4,

R4 BHEXFERRY

Tab. 4 Results of the amount of adjuvant test

BORHR MBSk SERUNERY  BRZE SE
% % % ug-mL™! pug'mL™!  PFA/4Y
2.5 76.22 5.74 2191 19.86 96.92
5 79.37 5.40 21.00 19.26 97.54
7.5 80.76 5.62 20.63 18.51 95.66
10 81.53 5.51 20.03 18.12 95.20

FIAH B | B AL B R R NSRRI AR 2R 1Y
T TERR, I Lo IEA R THAL . B
B TR EOR 9 107, 4303 100 mL FEATIEZE T4
IEASRIR A R 6, T2 Hrai R I 7.

x5 ExRABREREATX

Tab.5 Factors and levels of orthogonal experiment

KT A J‘E‘JAXL H B AEXT C o B/ D ik}
R/ C % /g-mL! mL-min™! TNA/%
1 160 1.07 5 2.5
2 170 1.08 7.5 5
3 180 1.09 10 7.5

i 5 TH TR B R M I A= TE 2.5%~10%,
B ORI A B3N, R R I, K
RS SO ST =, T SR R /N B R A B AR 2
() ST AR, SR I AL S%BTER G PF4)
[ERTT=I
2.7 WSS TRIE AL

FEF RN EAER, DA | d5B6H
JE ORI R A H R R, B4
HEIRE 3 MKF, WEKFERE S, D% T4

k6 IExRAREXR

Tab. 6 Results of orthogonal experiments

I BT, 2% PR Z 55 T R Y s )
WY A XU R EE>C G E>B A %5 >D
WEHMAGE, TR 2 i/ NE D hiRE
T, O ARUETHI, XF TSSO A SR T 2548
Br, dikhn, R A #EXERELU LR ER C
TR J3E 0T 2 T T B BB IS 25 T 4 T 20 4 AR
AREm, mMEER B fLBORNEELLFZER D
PRI B TEAT IS 25 R A AN B, 2555
BRAz = DA 5 [T A gR , B 15 BT TR B
WSS TR AL T2 ABICaD,, BIFEXLA
TR 160 °C, $EHBORMYEE R 1.07 grmL™, FHGH
B 7.5 mL-min~', WIRSIIAR N 5%,

2.8 ki

R it — 2 S T AW AT AR E S ROE T,
R[] Y 3% B T Ve AR O 3 £y, B 100 mL,
i EARCIE I B T 23T 3 gk, e ss
R 8. 3 AR A5 br LA RSD ¥1<3%, 1iHA
BRI ZRE, EITEESS .

SES GRIEETD

BRI g /N B o3 P54

o W e ik R DR AR miﬁiﬁ/ iﬁ?ﬁ o
1 1 1 1 1 76.26 8.64 23.10 18.94 92.24
2 1 2 2 2 75.50 8.53 23.90 20.85 95.40
3 1 3 3 3 71.79 8.06 22.07 19.48 91.81
4 2 1 2 3 72.07 8.05 22.25 19.89 92.61
5 2 2 3 1 64.06 8.47 22.14 19.32 88.10
6 2 3 1 2 75.50 7.55 19.71 16.81 88.83
7 3 1 3 2 64.82 8.66 21.89 19.02 87.27
8 3 2 1 3 63.32 7.04 18.69 16.88 85.54
9 3 3 2 1 68.14 7.41 22.23 17.81 90.68
K, 279.44 272.12 266.61 271.03
K 269.54 269.04 278.68 271.49
K; 263.49 271.31 267.18 269.95
R 5.32 1.03 4.02 0.51
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Tab.7 Variance analysis table

5 AR 2= A 1 ¥r F1&
A 43.27 2 21.63 104.26
B 1.70 2 0.85 4.10
C 30.95 2 15.47 74.58
D 0.41 2 0.21 1.00
E(i%2) 0.41 2

FE: F(0.05)=19, F(0.01)=99,
Note: F(0.05)=19, F(0.01)=99.
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Tab. 8 Verification of optimized spray-drying conditions

B R ke, NSRBI RS
pg-mL”! pg-mL”!
1 79.34 4.95 23.88 20.39
2 78.58 4.78 23.95 20.12
3 80.21 5.01 23.76 20.59
RSD/% 1.03 2.43 0.40 1.16

3 g

BT IE I Z PR LR G IMBGTF kS G IE A
TR 7 5 T T PR BRI Zs TR T2, I
L AL T WSS TR T2 B X E R B
160 C, 4&HUK A% 1.07 gmL™", FFWH JE
7.5 mL-min~!, MIKSMA R 5%, #idmisE T8,
PO RS AR, 207 vk EA B T
TR AT TR T R T DA R F b AR R AR
S EAR R AU,

HEHRA T & A DM, B R e
K5, PREUE T AR/ TG PR, 5K
FEMESS TR R v 25 5 o G R e B 42 03 i
WU . SRR L PR % B L SR
P SR 23 e R 25 T HR R RICR I 55 T )
IR Tk e 5 i) 2 3 T V3 B B 58 55 R SR
(SR R 2R 22— 1R IR 88 A 5 ey 5 35 e A%
MURLRE . R DA R B A, IR i
BT EEANTE S, 1 ST A W5 TR 1 5 7K Rt 1= 5
TG & AN TR A PR, S
SR ERIE BIRHRENS] W R AT DAY E PRk
TETIRE . B A LUk HL A py 45 BR sk a] - [)
A 3 25 e PRk 1) 55 AR B SR R/, R
SR T T VR AR R W25 TR By Oy — B A
Fo WA, SFREEE R, 2594 Ok n b B
WA, TSRS TR, (HR, JEWGERE
BRI N R ATy, BRI TR, 3

5 I 55 A9 A 14 77 7R D B H R el AR ks
55 DA R L TR 0 KR DL B/ NBERFN B AR 2R
M) & PN R bR, DL % 5 T v PR O Wi %5 T
WA, WIEENE T RSN RBEE T R
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