= 3300 » F8 B 2024F5H $55% B10H  Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 10

YA EE R A BT IREN N F W R BB BN

g{"ﬁ% 1,2,3’ 13"%/}2, 1,2,3, ;([3 ':;3{1,2,3, M:‘j%?il,Z,S, Fé:};%;ﬁi 1,2,3’ g}iﬁﬂ‘_{'t_‘l,z}, 7/1‘17!‘7]‘ 1,2,3*
1 EReFEARFLC, 7R Fill 528437

2. PEREER A BRI TECE TR A O, TR il 528437

3. LT ZNAERIA IR AT, TR il 528437

7 E: B8 EYEMEER T TSN A, W KRS8, WRAERERE TSR E, A
FRTZSHIRMESE . FE  RABE TN LA EE R T SO T T8, AFRITE 60, 75, 90 CEMF T TR
N Weibull 32506 HA 2T 30 G5 #RE Fick 3 #UE A Arrhenius 77 FE3R 5 I FEK 0 B 280 BUR BURIE 1 BE s

12 Fl HPLC M 5E AN [F) M0 B 2 VAT BE AR R By B i, e PR S ERE il AR s s B @ v debs, drbh 154
YIBRFRFR (Doos RLIFENATVEEE . RLFEATTEE . MISTHITEE 100 A%, IRSCEE . PRI FLBRR . 4. thRmAAR .

FUARFR RIbf. PSS (FE LT, o' b™) RFAELEREEOS PV EL R &R A AR U, WAL B2
AELZATEN AR T EREES R RN, 4R AR I TR T Rl T 2, RS, A5 HFr K
] s RIS TR s RS T AR R R K 2> LU B IS 1B ARk IR Weibull BT (R2 N 0.991 1~0.999 0, x2 4 9.380 5X 1075~
6.030 0X10%, RMSE A 0.007 7~0.021 3); 2 VIREEER 7 b s T2 10 K 708 288 B R # (moisture effective diffusion
coefficients, Demr) {H (1.84X1073~6.90X 1073 m?s) FliG{kiE (activation energy, Ea) {E N 39.70 kJ/mol. A[F) i & b i 15
BRI A R S B e R, MRS, RS & A B HPLC FE8URIS R BT 80 & 1 S5 %)
MRS A S B m (FALE>0.90), 4518 Weibull BRELREE LT TR 2 VAR BE AR F 6 I T AR P K o ie e alaE, AN
IV S 5 V90 s S ) 2 VA B AR R AR TR A K, FE SIS AR P & 200K s e S A d i iR TS5k
F i B R .

FRR): M BEEEUUA; WhRE TR, Weibull BA%L; Arrhenius 5FE; AT BUAREG WALRE; #AMERSY; HPLC; 14
SUEE; WHEENM; YERGENE; RRSEA T

FESES: R283.6 XEkFREE: A NERS: 0253 - 2670(2024)10 - 3300 - 10

DOI: 10.7501/j.issn.0253-2670.2024.10.009

Fluidized drying kinetics and physicochemical properties evaluation of ultrafine
granular powder of Angelicae Sinensis Radix

ZHANG Qianliang" % 3, GAN Junlong' % 3, DENG Wen'" %3, CHEN Yongjun' %3, CHEN Weixuan’ %3, PENG

Lihua' %3, QIAO Weilin" 23

1. National Enterprise Technology Center, Zhongshan 528437, China

2. National and local joint Engineering Research Center of Ultrafine Granular Powder of Herbal Medicine, Zhongshan 528437,
China

3. Zhongshan Zhongzhi Pharmaceutical Group Co., Ltd., Zhongshan 528437, China

Abstract: Objective To establish a kinetic drying model for the fluidized drying of ultrafine granular powder (UGP) of Danggui
(Angelicae Sinensis Radix, ASR), determine their drying kinetic parameters, compare the quality of product dried at different
temperatures, and provide reference for the optimization of drying process parameters. Methods Fluidized drying was used to dry

the soft material of UGP of ASR, and its drying characteristics were studied under 60, 75,90 ‘C. Weibull function was used to fit the
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drying curve. The effective diffusivity and activation energy of water during drying were calculated according to Fick’s diffusion law
and Arrhenius equation. HPLC was used to determine the content of volatile components in the UGP of ASR at different drying
temperatures. The fingerprint of UGP of ASR was determined and the similarity was calculated. Determination the physical properties,
which fifteen physical indexes (Do, particle size distribution range, particle size distribution width, relative homogeneity 10, bulk
density, vibration density, porosity between particles, compression degree, specific surface area, pore volume, angle of reposition, angle
of plate, color of L*, a*, b*) were established to characterize the physical quality of UGP of ASR and used to construct physical
fingerprinting. The effects of different drying temperatures on its quality were comprehensively evaluated from the physical and
chemical properties. Results The fluidized drying of UGP of ASR belongs to a slow drying process. The higher the temperature, the
shorter the time to reach the target water control point. During fluidized drying process, water ratio over time followed Weibull function
distribution (R =0.991 1—0.999 0, x> =9.380 5 x 1073—6.030 0 x 1074, RMSE = 0.007 7—0.021 3). The moisture effective diffusion
coefficients (Desr) for fluidized drying of UGP of ASR values (1.84 x 1073—6.90 x 1073 m?/s) and activation energy (E.) values were
39.70 kJ/mol. The volatile component content of UGP of ASR fluidized drying at different temperature has a certain difference, with
the increase of temperature, the content of volatile components decreased slightly. Both HPLC and physical fingerprints showed high
similarity to the control pattern and its similarity were all above 0.90. Conclusion Weibull function could better predict water
migration rule during fluidized drying of UGP of ASR. There was no significant difference in the overall quality of UGP of ASR
fluidized drying at different temperatures. The similarity of HPLC and physical fingerprints all conform to the requirements. It is of
great significance to guide the optimization of fluidized drying process parameters and improve product quality in the production
process.

Key words: Angelicae Sinensis Radix; ultrafine granular powder; fluidized drying model; Weibull function; Arrhenius equation;
effective diffusivity; activation energy; constituent of volatile oil; HPLC; fingerprint; physical property; physical fingerprint; quality
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Fig. 1 Drying curves of ultrafine granular powder (UGP)
of Angelicae Sinensis Radix (ASR) at different temperatures
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Fig. 2 Drying rate curves of UGP of ASR at different

temperatures
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REIRIAE) s BEHERE i &~ FAT I 2 T

(2) LR () AL (Ve): S KK
B PHEATINE GRSRETR) . 2 nlTERFRE
FHUBES 4.0 g, 28N CEFRE TR 1T R0 25
t, BT H S R S AR B A B SRS R
T 60 CHEA 8h, A GRS B R E HTH AL S
R, R AR, REANRE S TR 22
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RIEIERE. RAZ 5 FZRER 7 (BET
T A EARIRERE S Ve RIS SF
TR 2 R S R/ E R T Bk 525, K
Sy RN TRIAN, R R S R T AR S AR E v L IR
FVEIRIE DL Ve FRAF IR 48 R 1R e

(3) Al (width) FURIAR 7345 96 FE (span):
FiA2 1) width #1 span #% A 0: width=Doy— Do,
span={(Doo—D10)/Dso!" AT 115

(4) IR (LD, 405 (o) IO
(b HEZELCGEIS, DL EFEFRRAE Y T RE
TR BROREREAR R /I S 437 DA S RIORE 458 (1 35 ST R BE

(5) WMABEHE (Dy): RRPRLFPERUIRTS: @
A LR GRS 2, PR 3 AL ‘A
PHE” iR CAE&BINRD, 22Rehn s KA1,
BB HERHEE 4 £, HERETE 300s; 4 100 mL %
BEMWBAERT b, SIEHRE, TREE
R b, OCHIETT], B shidkkl, F/ANIEDD
BB IEL, R 5 e 2 2% s S 45 bkl
BB R FERAS, RSO & 88 D, FRH &
TP SRR R B A i B T S B TR b, 13
MWRLE; EEAZNE D.y BAN glem’s RHILFE
i B AR IAR 2 IR, BUFIAME.

(6) PRILEE (Do): FoRPURLICHERVIRA s 1%
P CPRSTEE” DIRE, EEMOCHE (FEEAERD,
B RSN 250 YR/min, PRSZECH 3000 7K,
SIS M E, REF 100mL FH 5 100 mL ZE
KEERE, mEEPImARER, &EST, R
T [ 2RS4 b, S BRI e s PR,
B PR S B2, K5 100 mL 25 3% 5 5E K1 0 T
FAEIBCK: 100 mL 25848 LESF, I F B Rl 22341
TR 32 3 B T4 JE TR R b, SREGHA T &=
HEITEHE D, AN glem?®;s BEHLEESIE 2 WK,
BCF341E

(7) PRIl FLERR (I): F T RAEMR 2 18]
TR, THEARXN Le=(De—Da)/DaDeo

(8) JE4EIE (IC): AL AT EAEFEE, K&
WERIORE (RS AR PE » 1C BROK, ks (R Bl PR el 2=
THEA LN IC=(D.—D.)/DI7,

(9) AN EEFREL (10): FALFRL KNI
—VEOST, RGN TR, AR IR H
I 44 14004 8504 355, 250, 180, 150, 90
um; WEHPRHERE 4 84, FERNE) 300, § 3L
100, §#i730 4% 100 Hz; {EFPREUE M 20 g, TOA

& L2, FFRRBN, 03BN 07 P 3 B RO T B
THEARXN 10=F,/[1004(dn—dn-)F -1+ (dni1—
d)Fmi1+(dp—dn-2)Fm—2+dni2—dn)Fn+r+ -+
(dwin—dn)Fnin)s FH, F, NERRAE 2 HE R
IR E 7, Fao AZERARTOE B — Z 078
BRI R o b, For N2 BRI — 2
5 -0 B SO () B T A e, d N BRI AR N L
WAPIIRAL, dp AZHORARTEH b — 20518
B BRI PR RAR,  dw—1 N2 HORARIE L — 20
TR BRI kIR, n e BRLAR Y B AN B

(10) HR1EA (o). FoRFURLIFRANRE J10); ik
BRI AR, e, B Rl
4 14, HERHSTE] 200s; JEahiER BN PRFE SN
FGF b, AR IE IR AT & 2 RR I e B
1576 J8 Bl A Pokve R bkl A3 B 3hin
BEBIETE o, FAFES-TATINA 3 1k, B 0.

QD A (o) RRBRLFRBRE 0 ik
FOPRRMAT AR, BRI AR, I E R
TREE 4 84, BERHEHA] 200, F/NTERRINRE 4R
RE PRI B MR AR, T BLA B sl i HERL 2
PRI, PREFFES I B AR ECIRAS: A&, 4
KL B 30 &, JA5ET AR e UG 5 b i
IR G AT — AR oo R B i, 2
VYA Z A —LR0N a; BAFERFAT IR 3
W, BUFIAME.

(12) VB JE AR bl 2 25 5 . TR IR T 2%
VIR R ERR AR E St A R LK 4.
255 WEARSEIG HfRAR AL BT R R
YR B JE AR bR P EUE TS B A=A E, T E
TLRA R, f AR R — R, B 0~10.
PR A3 3 7 18 I 35 3 M e b 1 T e B 131
Z: 2 ([ 24 L) 2020 AF bR DR SRR AR E RO-21;
SRR AR BRI AL A 2 2R L 3 B 3
W 5.
2.5.6 MEYEIRSUENE SRR SIS0 A
VIR R VERFER) 15 DMEEe bRt e g, %
FRPRIE B AKTE R S ATARMELLAREE . DA 3 HEFE
(1) 15 MRS BUE 1%, K Origin 9 # A4
Bl E IR, FEECEHURE S EUE R P ME N R
HH R AR LU (PR) FHIAE, R 5.
SERKH, 3 HLRE S SV BEEARAR I B A A VO A I
I3 BN Doo (8.51~8.74, 8.67)- width (7.58~
8.23, 7.81). span (1.00~3.00, 1.97). 10 (121~
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Table 4 Parameter values of each physical property index
Y5 Doo width span 10 Ds Dc I IC Ve ® a L a' b S
S1 125505 762.54 0.81 0.15 071 0.79 0.13 955 0.0005 3848 3539 4292 863 2628 0.02
S2 149124 75792 0.70 048 0.68 0.73 0.10 6.85 0.0021 3833 37.68 37.57 9.55 2299 0.1
S3 125610 82252 090 0.12 0.69 0.77 0.16 11.04 0.0013 3598 33.05 40.86 1048 29.00 0.07
PR 133413 78099 080 025 0.69 076 0.13 9.15 0.0013 37.60 3537 4045 9.55 26.09 0.10

PR X IR Fa S0 =1
PR is the control physical fingerprint.

*5 NBEQEIESHEAAR

Table 5 Physical fingerprint parameter transformation formula

FALARbE AL

Xoo
width
span
10

Da

pum

pum

gem™

HlEV R Rt | RAEfEls B BdEVE Ra ) RAciEbr AL BUEVERE Rt
0~2000 10—x/1000| D  gem® 0~1 10 x a ° 0~50  10—x/5
0~1000 x/100 I - 0~1 10 x N m>g' 0~05 20x
0~1 10—10x Ic - 0~0.50  x/5 r - 0~100  x/10
0~1 10x Ve  mLg' 0~0.005 2000x a - 0~50 /5
0~1 10x 0 ° 0~50  10—x/5 b - 0~50 /5

Ve IC Ve IC

5 HYFWERIRF (S1~S3) MVIRIELUEE R A RIBE L EE (PR) FiAE
Fig. 5 Radar map of physical fingerprint of UGP of ASR (S1—S3) and its control physical fingerprint (PR)
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476, 2.49). D, (6.80~7.10, 6.92). D (7.30~7.85,
7.62). I (1.01~1.61, 1.32). IC (1.37~2.21, 1.83),
Ve(1.00~4.10,2.53).¢(2.30~2.80,2.48) a(2.46~
3.39, 2.93). L* (3.76~4.29, 4.04). a* (1.73~2.10,
1.91). b* (4.60~5.80, 5.22). §(0.40~4.23, 2.00).
3 VAR EE R 1 Doo 33>1 000 um, AL width
$1>700 um, FRA /N width 58 . 4 IABBER
(1) D A1 D BT, FIURLIA] I A 1C 5%/, B
MIABEER A 5 R 4, HERUIRES BRI L B/ o
@ BN, TOURLE] BEEE DT RRN, IRANTEERLE — A
Ny, 9<30°, FTorimshMEmis; ¢<<40°, FRAJLA
R AR P IR R M TSRO 3 4 A B EE A
FI @ Fl a 35<40°, RIHFENME R LF, A =i 2
W DUBCRIEEAT 03 3 HERES 1) o #BIE K T a. 3
A VABEER A (S1~S3) B S <025 mYg, 5
LIHREERY (S A 2.24 mY/g) FHECBRIRIE 9 f%,
B 24 AR ) BRSNS EAHPR
SRR EA AR D, AR AR E R AT
257 MBEEST BT HAMEET 15 M
A B ) Fe bR (E, R SPSS 22.0 F A
Pearson fHo% REGETHHE 3 HEZ BRI A HOARAL
FE, MLEEERSEL 1, R 3 HEFE M B EE S 1y
TERRAHIT . TR S1~S3 FE e 4Btk 5 PR
RIAIALLRE 735108 0.981. 0.922. 0.982; HIFIERE G
AlEL, S2 5 S1 R S3 (M3 EE R R bR N span.
10. S Hl Ve BEARCKRE, AS[RIGEE WG T4 24 I A
BEVR B4R ol S AR A e v, BRI R A
SRV BAATI IR 22555 HAS R FR AT — 2 52005
(B T 25 SR B & M e bs 11 S BRME J AR AL,
LA Rt — DA .
3 g

BT T R B R A P AR A i — AN
BT, HEREKSER T2ER, AT
RSB ATE R S5 R B ARG . A
FURT R BT A5 & oL s S TP, HoRHFIR
PR B VAR BE TR A IR, 72 51 KRB 8 N4
BHER A 2T, G WRHE il R A Hoac 4t
K PR ZE R JE BEHE A & s PR il oK
Gy 7E R ERGE, I YRR R SIS SEBR Ak
B TR T RS SR Bal Kol s)E,
VRN E B B TE, @R R WK 45
FRETIARER HlB T UK FEH ek
PNl A RS N AP Y/E S RE LY, 3T %an A (L5

PR — B TR, SRR s A
KR RS ER, RS RTRERE, BF
TR A AR B

AR RE R s TR TR R TR AR, 1R
T RS, TR, 90 CIAB/K 45 A
T EET 228 60 C ) 1/3, AE7P=Ia WUk #
90 C, WRRIERmA . HE 2 WA, WIGT
SRR AR R, K2R I, B TR R
7K 3 MCRIUREL ) 4047 30 P 3 55 bR s 3 )
Weibull bR H0H 7Y BEAR L 4l 3 >4 VAl BE T 9 s 1
R FE, A BRI TR R K S B
PR, SEIRRTZK 2 TR0, AT F0A 4R 2% 555
RE N SEBRA P T (A] . TR R S SR e
Rtz%,

MR R S R, AR TR 2
B 3 AT, 3 RAS[R) IR 9 A T sl o L R
FRAYE — e, FER MR B TR, B
) I R B 22 AR, X S TR R A
Ko METEFESY, BANBESZEFIC, KEEL
FRAAAATE 52 H NPT BRIR Y, [RIk, B8RERIAMA
fe&s B BERIK, ARG ESTE: mEER
WATE, ETRIREPSIm, KRN S5
18 N FE: 2 Bt EER RIEZIR, RIZ
B4 el 5 B 454 HPLC 4840 [ v] 45 g 4 THi (1)
R T2 RN SRR R . teah, AN
TR IR B 24 VAR BEAR T HPLC 45 20 R AR LU 24175
AFRAEER, RPN Uk B AERURL R AN ]
T, Wi TERA R B S X TEE
R 2y F, EUUREA KA IMAT T
J, ERETESRL, Rl TRERE, ATERKR
FELR BRI o A [RI P I T J8R 0 >4 U i B A
VI BRABSUEITE AL S By, (2 S2 5 S1 F1 S3 2 [H]
AAEECKZE R, FERIHFRITE R (Xoo™> 1400
um), MR width A, ¥SFEH R, S Ve B K.
ULER B T L 280, [RIRES TR ) B
FRPR AL K. WG TR RS, /K7 ARIORE
HOIER B2 S I R, K TR 2115
TFOURE P9 308 S T LB, AL S A Ve AR K, JikE
SR NE AL, HE EL b AR B A R RO )
MR EL. S2 AE i E TG A Bk, WIaa B Ak )
TR, R N, S Ve K, Bl
BEIR,

AHIEFE LA 24 BB BE IR B e R, I i
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130 11724, FEAL Weibull B AT
M TR =24 VBB R (R P TR AU, AT
LUV eI FEALR) T2 AR m], a2
HIACE s WALZE R A EE & P g AN 7 T 25 A A
ANET R L B, SRV AT K SR E
W ARps A b R LU S, BRI TR L2k
FMRARMIES % .
R BAR PTANEH ARG LEA TR
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