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Abstract: Objective Taking Huangqin (Scutellariae Radix, SR) and Huanglian (Coptidis Rhizoma, CR) extract powder as the
research object, the effects of different drying methods and auxiliary materials on moisture absorption were investigated. Methods
The extract powder of SR and CR were prepared by conventional drying (CD), vacuum drying (VD) and spray drying (SD). Twelve
secondary indexes, such as moisture content, moisture absorption rate, specific surface area, median diameter, span, width, Hausner
ratio, angle of repose, bulk density, tapped density, gap rate, and Carr index, were used to establish the physical fingerprint of extract
powder. The secondary indexes were converted into five primary indexes including uniformity, pileup, compressibility, fluidity and
stability. Then the best drying process was selected. Principal component analysis (PCA) and partial least squares analysis (PLS) were
used to analyze the correlation between the physical parameters and the moisture absorption behavior. The effects of five excipients,
including dextrin, f-cyclodextrin, pre-gelatinized starch, anhydrous lactose and microcrystalline cellulose, on the moisture sorption of
the powder were optimized. The dynamic curve of moisture sorption time of the powder was drawn, and the semi-equilibrium moisture
sorption-time (¢12) and equilibrium moisture sorptiontime (F») were derived to form a two-dimensional evaluation index to evaluate
the dynamic moisture sorption behavior of the powder and screen out the best moisture-proof excipients. Results Based on the
physical fingerprint similarity study, the following results were obtained: SR: The best similarity of spray drying extract powder (SR-
SD) was 0.98, 0.99, 0.99, and the similarity of vacuum drying extract powder (SR-VD) was 0.87, 0.92, 0.89, which was better than
that of atmospheric pressure drying. The similarity of vacuum drying, spray drying and atmospheric pressure drying was 0.95, 0.69,
respectively. CR: There was no significant difference among the three drying methods. The best similarity of spray drying extract
powder (CR-SD) was 0.99, 1.00 and 0.99, and the similarity of vacuum drying, spray drying and atmospheric pressure drying were
0.94 and 0.61, respectively. According to the comprehensive evaluation of 5 first-level indicators, it can be concluded that the vacuum
drying mode and the spray drying mode are better. Through the matrix heat map, PCA and PLS, span, width, SSA and Dso had the most
significant influence on H, followed by Dc and Da (P < 0.05). Through dynamic two-dimensional characterization technology, it can
be observed that the excipients can improve the moisture absorption of the powder. The research shows that: SR: Under the three drying
methods of extract powder, the samples belong to the second class, with large equilibrium moisture absorption capacity and slow
moisture absorption rate, and the medication-auxiliary mixture belongs to the third class, with small equilibrium moisture absorption
capacity and slow moisture absorption rate. Among them, the equilibrium moisture absorption of the atmospheric dried sample of SR
and the medication-auxiliary mixture of -cyclodexmin is the smallest, with Foo = 9.12%. Vacuum-dried samples of SR and the drug-
adjuvant mixture of f-cyclodextrin had the lowest moisture absorption rate, t12 = 69.33 h, CR: The atmospheric pressure and spray
extract powder belong to the second class, and the drug-auxiliary mixture belongs to the third class. The equilibrium moisture
absorption of the drug-auxiliary mixture of CR vacuum sample and lactose is the smallest, with Fo =7.72%, and the moisture absorption
rate of the drug-auxiliary mixture of CR vacuum sample and B-cyclodextrin is the smallest, #12 = 76.33 h. Conclusion Improving the
drying method of traditional Chinese medicine extracts and selecting high-quality moisture-proof excipients can improve the moisture
absorption of Chinese medicine extracts.

Key words: extracts; Coptidis Rhizoma; Scutellariae Radix; physical fingerprint; drying method; excipients; principal component
analysis; partial least squares analysis; dynamic two-dimensional characterization technology; moisture absorption; conventional

drying; vacuum drying; spray drying

FIZ5HE Y (Chinese medicine extracts, CMEs)
S S ST A, SR Ve TR

AFRRE IR, AMFEERAE” TEHK. EFHF
EEPTET LGN T ZSH, SN hERER

TEFT, BRI, 22l A
IR Sy IR A El il e S D v | N i D67
P S [ AR 0, Ry Bk, S 2
SRINIRIE RS, WRESE. vEk . B A,
5 PRI AR S W, BRI, 5 R
PRI ]l e AR 7 S BN ™ L, i fF i RE
ERRORURL ., JRIEFINBEETL, B IniRSE—
R REE PR

X F 245 4 BUBCR BORS il AR AT LA R AR B b 1Y
WAL, EA R R R RE RSB AH

PREEPEA BORIISEN, 3 AR AR ARAE, B
U TR, WS PR B R i 2R ), AE P 23
Fr P IE B AR AT AR, fRmH
R tE, [FINGE ARG RGBT R
F, AR TH 50 RS R R A R T R AR
Bl ) A A AR S 8 T B AR R R, B RR A 2
THEB R SE R DRI R R . AW SR R R R
WIS FOERPWIAIE IS, e S
YR BRI KE . ER . R, F{EfR.
KRG TEIE . KARTEE . ZEHghEE. fRIEM . 2



© 436 - PED 202418 B55% 28 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 2

WPE L PRI B RARTEEUST 12 AV
Yabn, B YIERIRSUENE, NS E ST
FE R4 Hr (principal component analysis, PCA) LA
Kl /N T 53 #r (partial least squares analysis,
PLS), #RTF &EWHSHEWARAT NIAHINE, R
AN [F) T 12 R B fioRbot OB e s, Ry
HH 2GR I BT BRI R it 5%

1 {EEHH

1.1 Y&

Bettersize 2600 ZIOERLFE 43 A4, PHR HFHX
BHRAT; HZ-D (ID BEHA R AR, 8l
PUMEAL 3847 FR /A 7] ; DHG-9140A 7Y e #7557 KT
BRAE, RIS R SR A IR A7 LANYI-6000Y
R FE AL, B2 A0 A R AR D2F-6021
BB T4, B —ER 2R R AR XL-10
B AUl rp 2R L, N BAR UGS £ A PR A 7 .
1.2 ##

W%, #t5 210527, LRGE =P AR ER
AN HE, #1159 211027, LI AR AER AT
WG P RS KRR B e, AR
TR Z BV %S Scutellaria baicalensis Georgi
T B . BERIEREYIIE Coptis chinensis
Franch. [ FER 2K, ¥R (R EZjH) 2020 R
FrdE: 95% M (b5 20220712). FLAE (LS
20220527) B-FRMIKE (Hk'5 20201118) Rk (it
520210309, HEZERMLFAFERAF:
Y, it 2205104, LHlEHEEZFREHE
FRAR; FiiEks, S 22218W40375, gl
AR A TR A A .

2 FEEHR
2.1 FHREWIZREMAIEIE
2.1.1 REH%

(1) 3% (SR): HUEZR A 300 g, fin 10 %
HKHIE 3 IR, SIFROH, W4isidEs, N 70%s
BEREDL, B2, §E, W EERENCCEE, AR
X R 1.1 S 1.3 HEE, &H.
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Table 1 Test results of secondary indexes of Scutellariae Radix (SR) and Coptidis Rhizoma (CR) in different drying methods

i a  DiJ(gmL') Dd(gmL™") I 1IC/% IH HR/% H/% Dso/um span width/um SSA/(m?>g™")
SR-CDI 44.40 0.48 0.91 1.00 4753 191 528 1204 3854 295 113.70 0.34
SR-CD2 44.20 0.51 0.98 093 47.64 191 522 11.95 4487 286 12834 0.22
SR-CD3 43.70 0.48 0.97 1.04 5034 201 497 1404 4499 279 12548 0.20
SR-CD ¥JfH  44.10 0.49 0.95 0.99 4850 194 5.16 1268 4280 2.87 12251 0.26
SR-VDI 47.60 0.59 0.98 0.67 3959 1.66 500 932 5009 326 163.13 0.15
SR-VD2 47.20 0.58 1.00 072 41.83 172 505 10.16 50.73 3.15 159.92 0.15
SR-VD3 47.20 0.57 0.99 0.74 4222 173 494 1032 5431 3.06 166.13 0.14
SR-VD #J{i 47.33 0.58 0.99 071 4121 170 5.00 993 51.71 3.16 163.06 0.14
SR-SD1 48.80 0.40 0.57 0.78 3092 145 513 1292 496 146 7.26 0.69
SR-SD2 48.50 0.42 0.67 0.88 3699 159 509 13.68 502 146 7.34 0.69
SR-SD3 48.60 0.43 0.68 0.87 37.11 159 521 13.09 499 146 7.30 0.68
SR-SD ¥JfH  48.63 0.41 0.64 0.84 3501 154 5.14 1323 499 146 7.30 0.69
CR-CD1 47.80 0.45 0.79 097 4338 177 445 985 36.17 343 12421 0.28
CR-CD2 47.60 0.43 0.78 1.01 4407 179 450 1058 3794 3.64 137.84 0.29
CR-CD3 47.30 0.45 0.79 097 4333 176 439 9.68 37.87 378 143.15 0.28
CR-CD ¥J{H 47.57 0.44 0.78 0.99 4359 1.77 445 1004 3733 3.62 13507 0.28
CR-VDI 45.00 0.49 0.78 0.76 37.08 159 524 935 4786 3.05 14574 0.19
CR-VD2 44.80 0.50 0.78 073 3624 157 519 1035 4861 3.11 15111 0.19
CR-VD3 45.50 0.50 0.78 0.73 3634 157 529 11.08 4539 322 146.10 0.21
CR-VD #J{H  45.10 0.49 0.78 0.74 36.55 1.58 524 1026 4729 3.12 147.65 0.20
CR-SD1 42.90 0.30 0.61 1.65 5032 201 499 1196 620 171 1061 0.55
CR-SD2 42.10 0.30 0.61 1.66 5028 201 5.14 11.86 584 1.9 9.29 0.57
CR-SD3 42.70 0.31 0.61 1.62 4989 200 521 11.05 579 1.57 9.08 0.57
CR-SD #JfH  42.57 0.31 0.61 1.64 50.16 2.01 511 11.62 595 1.62 9.66 0.57

F2 ZRIETEREREUAR WO IR s P R R T A o B L MR

Table 2 Range of secondary indexes and transformation

formula

—YARbr R BAL BURE () EE HUARXSE
BElE HR % 0~10 10—x

H % 0~30 10—x/3
¥W—¥  Dso pm 498~97.84 x/10

span  — 2~5 (50—10x)/3

width - 0~1600 (1 600—x)/160
ettt IH - 1~3 (30—10x)/2

o ° 0~60 10—x/6
WRM D g'mL™! 0~1 10x

D gmL?  0~1 10x
aEME L - 0~3 10x/3

SSA  m?*g’! 0~2 5x

IC % 0~60 x/6

FREUEMIE S, TReR B THES T REH)
WL SRR AR, WS TR R IS AR,
BHFFHEIAR 357.
FERIEIT R RWE 4, J—RIBRH>S
i, AICAZPERE AR TSR TR S TR
A URREAAME . R AP e PRI — 1t WiE
TFHRIRE 3 — R, (ARRE YRR L, 456
TRARPR AR (D AR RS
W JA TR E M R E i, SR %I
KW ZRFaHR HR J H NS, o FLHERR I |
TRBNE ) — 1Aty (T T ks S ] s 1) 771)
JEEEM LT K ARETETT BER B iR T
PEFISE) —PEIAF, T B TR B
RIFMMERM:, BT R 2, W5 TR 5 i mT
JEME 248 H5 IC. I J2 SSA Bulasek, Hal ki
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Table 3 Calculation results of primary indexes related to SR and CR extract powder in different drying methods
Y5 a DiJ(gmL") Dd(gmL") [ IC/% IH HR/% H/% Dso/um span width/um SSA/(m?g™)
SR-CD1 2.60 4.76 9.06 333 792 547 472 654 385 6.83 9.29 1.71
SR-CD2 2.63 5.15 9.83 309 794 545 578 6.02 449 713 9.20 1.09
SR-CD3 2.72 4.83 9.73 347 839 493 503 532 450 737 9.22 1.02
SR-CD % 2.65 4.91 9.54 330 8.08 528 5.18 596 428 7.1 9.24 1.27
SR-VDI1 2.07 5.92 9.80 223 6.60 6.72 5.00 6.89 501 5.81 8.98 0.75
SR-VD2 2.13 5.79 9.96 241 697 640 495 6.61 507 6.16 9.00 0.74
SR-VD3 2.13 5.74 9.93 245 7.04 635 506 6.56 543 6.47 8.96 0.69
SR-VD ¥JfH  2.11 5.82 9.90 236 687 649 500 6.69 517 @ 6.15 8.98 0.73
SR-SD1 1.87 3.96 5.74 260 515 7.76 487 569 050 11.79 9.95 3.46
SR-SD2 1.92 422 6.70 292 617 7.06 491 544 050 11.80 9.95 3.43
SR-SD3 1.90 4.25 6.76 291 6.19 7.05 479 564 050 11.80 9.95 3.42
SR-SD #JfH  1.90 4.14 6.40 281 584 729 486 559 050 11.80 9.95 3.44
CR-CDI 2.03 4.47 7.90 323 723 6.17 555 672 3.62 5.22 9.22 1.41
CR-CD2 2.07 4.34 7.76 338 7.35 6.06 550 589 379 455 9.14 1.43
CR-CD3 2.12 4.46 7.87 324 722 618 561 677 379 4.07 9.11 1.42
CR-CD ¥JfH  2.07 4.42 7.84 328 727 6.14 555 646 373 4.6l 9.16 1.42
CR-VDI 2.50 4.88 7.75 253 6.18 7.05 476 688 479 @ 6.52 9.09 0.97
CR-VD2 2.53 4.96 7.78 243 6.04 7.16 481 6.55 486 631 9.06 0.97
CR-VD3 242 5.00 7.85 243 6.06 7.15 471 631 454 594 9.09 1.04
CR-VD ¥J{ 2.48 4.95 7.79 246 6.09 7.12 476 6.58 4.73 6.26 9.08 0.99
CR-SDI 2.85 3.04 6.13 551 839 494 501 6.0l 062 1096 9.93 2.76
CR-SD2 2.98 3.04 6.11 552 838 494 486 6.05 058 1137 9.94 2.87
CR-SD3 2.88 3.08 6.15 540 832 502 479 632 058 1145 9.94 2.86
CR-SD ¥JfH  2.90 3.05 6.13 548 836 497 489 6.13 059 11.26 9.94 2.83
R4 TEFEFRANES . BE—RIERNITESR R . BB RIS . B RES

Table 4 Calculation results of primary indexes of SR and

CR in different drying methods

Feah  WishtE MERUE MR fRoetE ik 3
SR-CD 397 723 422 557 688 5.57
SR-VD 430 786 332 58 677 5.62
SR-SD 459 527 403 522 742 531
CR-CD 411 613 399 601 58 521
CR-VD 480 637 318 567 669 534
CR-SD 394 459 556 551 726 537
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Fig. 1 Physical fingerprint of extract powder of SR and CR in different drying methods
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Fig. 6 Hygroscopic curves of samples of Scutellariae Radix with different drying methods and medicine-comixture
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Fig. 8 Dynamic two-dimensional characterization results
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