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Abstract: Objective To optimize the drying method of the classic popular prescription Huagai Powder (£ #{). Methods The
benchmark samples of Huagai Powder were prepared by vacuum drying, belt vacuum drying, spray drying and freeze drying, using
scanning electron microscopy, differential scanning calorimetry, high-performance liquid chromatography and other methods to
determine the quality attributes of benchmark samples, taking powder yield, glass transition temperature and component content
transfer rate as evaluation indexes, entropy weight method was used to give weight to each index for comprehensive evaluation. Results
The particles of the spray-dried benchmark samples were spherical with the smallest particle size, while the freeze-dried benchmark
samples are irregular, fluffy and had good solubility. The index components total ephedrine hydrochloride, amygdalin, hesperidin,
liquiritin, and glycyrrhizic acid content transfer rate were 85.66%—104.78%, 90.81%—104.16%, 91.42%—94.86%, 83.98%—
94.69%, 87.85%—94.45%, the similarity of fingerprints was greater than 0.9. Conclusion After comprehensive evaluation, it is

concluded that the freeze-drying method was the best, and the three batches of verification processes have good repeatability and
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feasibility, which provides a theoretical basis and practical value for the study of the quality attributes of the benchmark samples of

classic popular prescriptions.

Key words: classic popular prescription; Huagai Powder; drying method; benchmark samples; quality attributes; entropy weight

method; vacuum drying; belt vacuum drying; spray drying; freeze drying; ephedrine hydrochloride total alkaloids; amygdalin;

hesperidin; liquiritin; glycyrrhizic acid
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3h.-30°C3h.—20 ‘C 3h, B¥kLETHES 30 C,

{AFF 20 h.
214 BEIETWE KA E N 1.10 g/em?(60 C)
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Table 1 Influence of drying method on moisture content

and powder yield of Huagai Powder benchmark samples

THEITE TR/ 255 g 1903/ % K%

BT LR 36.00 267.98 88.88 7.58
w125 512.17 87.64 6.62
BT IR 48.00 356.34 94.82 6.43
5 55 ) 2.00 428.15 91.18 7.61

FRA A R 2 BRI ), SR A S R SO GRAE T
SE A 8RR A P RLAR RN B A o URE i &,
B SHONTUE 280 kPa (2.8 bar). HEREHEEE 28%,
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TR 8T TG R SRR SoR AR RN,
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Table 2 Influence of drying method on particle size and

distribution of Huagai Powder benchmark samples

TR Dio/um Dso/um Doo/pm
HT TR 6.18+0.05 47.04%£036 126.34%0.44
HEHATEE 4311011 40.18+£0.30 118.47+4.50
R T 15 9.61+£0.06 43.17£0.54 116.87+2.54
M5 25— fék 7924042 15842020  28.98%0.46
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Fig. 1 Effect of drying method on particle morphology of

Huagai Powder benchmark samples
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Table 3 Effect of drying method on flow ability of Huagai

Powder benchmark samples

W RS

THHD: IEAC) Cl/%
(gmL™) (gmL™)
BT 49.3940.72 0.58+0.01 0.95+0.01 39.48+0.48

BT 45.1540.88 0.5620.01 0.95+0.01 40.8040.62

R 42.914+1.46 0.36+0.01 0.57+0.02 36.60+2.17
s 25 T 45 49.3140.53 0.4440.02 0.77£0.01 42.4042.76
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Fig. 2 Influence of drying method on 7 of Huagai Powder

benchmark samples
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Fig. 3 Effect of drying method on CRH of Huagai Powder

benchmark samples
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Fig. 4 Effect of drying method on solubility of Huagai

Powder benchmark samples

R4 FREENESHEEFERRENTIT
Table 4
Powder benchmark samples

T L a b Ew'
AT T 55.30£0.86 8.3310.25 16.49+0.70 58.310.94
ATFHATE 60.66+0.77 6.92£0.32 17.9140.69 63.6310.81

Influence of drying method on color of Huagai

AR 58.99+0.35 5.82+0.16 17.72+0.50 61.87+0.39
W55 I 55.3120.16 7.4520.06 19.4320.29 59.09+0.14
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e, HEAEREE 20 min, A, FREE, H1HEE
AN R, $RA), i 022 um JEAE, Bt
A
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P 7 5 BRI, %
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il & AR LI BA PR b, BUE EBHPERES, 2tk
T 2% 7 A ) % I A A o VR
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Fig. 5 HPLC of negative sample without Citri Exocarpium
Rubrum (A), Huagai Powder benchmark sample (B),

hesperidin reference substance (C)

(6) LNEKRZRFELL: DIFEAET, H& S8
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H Y=2X107X+1877.9, R*=0.9997, 4K
FEAFTE 12.592~402.928 pg/mL iM% R R 1T

(7) KEEFEHSE: BUERM IR AIEW, %
RS SRIERE 6 T U THIRN, &5 Fp iy i
AR RSD A 0.21%, R AFE % K I

(8) HEMEHLL: K% FRIAE o5 B HERE o
&2, PATHIR 6 il va i, i E ol sk Rt
BEO AT, eI, AR T E B
RSD 4 0.84%, FiZ7iEESTHL .

(9) FEMEHEL: WE—m g, =ik
WE, e Ikt THIRE 0. 20 4. 6. 8.
12, 24 h BEFEHT, TCICSRIGIAR, 45 R g
AR RSD A 2.72%, 45 RF M IERAE 24 h
PR E -

(10D JNAE RS 2 5 R XA o BICHE HERT: it
6 13, 1% CLHIT IR FE I 100% 0 NFE B2 06 & b 7%
W A IR I VR, i Bl SR R 2y
Br, ESRUEIAR, THE RS g5 108 R T
[N 98.13%, RSD A 1.22%, 25 3R 1A% 7772
R BE R 4T
233 HEHEH., HER

(1)t 5% A €43% 42 Phenomenex Synergi™
Polar-RP 80A #f (250 mmX4.6 mm, 4 pm); ¥ish
FHN 1 -0.05% B /K W, BRFEBEIL: 0~8 min,
19% . 8~35min, 19%~50% i : 35~36 min,
50%~100%Z.fiE; 36~40 min, 100%~19%Z.J:
RN 10 uLs; AR EN 1 mL/min; A
30 C; till KA 237 nm.

(2) MRS IR A5 R B PR 2 O 1
FEfE SR, SRS, KR 70% 5 50 mL,
MREHRR, AR 20min, A, FERE, M
70% CEEAN R IR R B, RE2T, d 0.22 um JENE,
B A5 ARt it VA

(3) XF HE VAR IR ) %« 2 TR B R U B
H R IR G R, I 70% £ BT i =ik
SN 21.625. 24.109 pg/mL B HEE . HHEEXT
MR, A

(4) PRSI B dl 4% IR G HALTT,
il & B BER R i, BOE SR FIVERE S, F gt
T ) 2% 7 Y ) £ [ A ol VA

(5) LIEPEHESL: I3 I I
FERVETR . XTHRE AT 10 uL, e it 514
HEREHT, 0 EOIER (B 6). SRR, Sk

A
B

c | HEH H 5

0 5 10 15 20 25 30 35

t/min
6 GREHERAMER A ESHEEER B) URHE
HMHEERMR® (C) 89 HPLC
Fig.6 HPLC of negative sample without Glycyrrhizae Radix
et Rhizoma (A), Huagai Powder benchmark sample (B),

glycyrrhizin and glycyrrhizic acid reference substances (C)

W EH R, HERE LR OEXF T ER
U, BIVERERCE T, RUNZITE TR R I .

(6) LRMERARFELE: DL 70%LEENE T &5
HEH 216250, 108.125. 54.063. 27.031. 13.516.
6.758 pg/mL 5 HHER 241.090. 120.545. 60.273.
30.137. 15.069. 7.535 pg/mL [ &5 EIKE R A
X IR SRV, R IR 10 pl,  dRE B
AR, Rl CUH B H R I IR
NREAARR (X)), TR N AL KR (V) 2l bRt h 2%,
HATERYERNA, BEDATFE: HEE Y=6X10°X—
291.5, R?=0.999 9; HEER I [EHT 2 Y=6X10°
X—24779, R*=0.9999; &5 RFHH BT 6.758~
216.250 pg/mL. HHLFRTE 7.535~241.090 pg/mL £
HERRRIF.

(7) FEEJEHLE: BUEE A, e
RS 6 YD IETHIAN, H B I m
) RSD A 0.49%, HHFRUETIARH) RSD A4 0.30%,
R RGE L R IF

(8) HEMEHLL: FEEFRIE a5 HOEMERE i
i, AT 6 (AT, T e el 2kt
FEA T, dRIETAR, THEASH R i E 0
RSD 4 0.68%, H ¥R 5441 RSD K 0.75%,
RZIT L EE .

(9) FREMEHLE: WE—m R, =i
WE, e &L, THIRE 0. 20 4. 64 8.
12, 24 h it FEo0 M, e SIEIAR, 25 FH S g
FAF) RSD 4 0.65%, H B ERIE AL RSD 4 0.76%,
g5 R AL A RAE 24 h WERGE .

(10D INAEIRNSCE 5% . A B PRI o SR HERE
6 Uy, 5 ORI EIREE M 100% 0N HFH . H R
X B SRV, A IR (K VA, A E R 2k
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PEBERE BT, ACSRIETA, TR, H R
SERIECE N 91.57%, RSD K 0.43%, HERRKF
BB 113.05%, RSD K 0.50%, Z5HEW %
T MERA B RAT
2.3.4 MRS EENE B4 MTRINES R
AR I, ) BRI, TR (i Ty
VAT SRR BRSO A B HEE
HEBRKME, BT 3 60, et & &
F A 1% 2 DASEHERE SR 4 v & BN LB &
LRI 50 AT LA T AR 1 R R PR B S Tk
WA LR BRI R R, R
REAZ H T INFARS TRl A, R KRR, SIS &
HIBEAR. 4 FTIRINERR LTS EZREN, &
B M 7 R0 B HE A it A B R 2 B RS N

TRVR B e M 8 = T Tk P AR b o) & B ARG U 4
FRp o & &

®5 TR EMNESHEERRIERRR T BRI
Table 5 Influence of drying method on index components of

Huagai Powder benchmark samples

o R R /%
T — —— — —
BT A A BT BEE P RER
BT 85.66 90.81 94.86 83.98 87.85
HrEwWATE 10478 104.16 9335 91.91 93.45
R 103.01 102.01 9431 94.69 94.45
g% 25 T 45 100.32 100.90 91.42 9294 9291

235 fRQUENE  fRguElE R T 2 B T I i E s
il 24t h BB PP TR bR, 2 2R L2 Al R
CRE). TR A R B2,

(1) Pl AR 4. DORMERE &=, ho 50
mL FESE A 10 min, 3 0.22 pm JERE, RIS,

(2) S%f BE S IR 4% e [R] €2.3.1742.3.2742.3.3”
TGO} HE ot AR ) 6 T

(3) Bl 5% A 434~ Phenomenex Synergi™
Polar-RP 80A 1 (250 mm X 4.6 mm, 4 pm); i3]
FHA ME-0.05% B R KWW, B B ¥Ebi: 0~15 min,
1.5%Z0E; 15~25min, 1.5%~3.0%4ff; 25~35
min, 3%~10%Z.E; 35~65min, 10%~20%Z.JE;
65~110 min, 20%~40% i ; 110~135 min, 40%~
60%Z i HEFEE N 10 ul; AN 25 C; AR
& 0.8 mL/min, %K~ 210 nm % 237 nm.

(4) FRSUEIEARABE DA R i B dE DL edf.
PRGN 2012 SRR (R 24 i e a0 RE AR AL

T RG) ATV, DL SSEGE, IR TR
0.1 min PR AT AR5 0E VT HRE, THE TR S B 1IAH
BAEE .

(5) FEH 5 I A4 7 1R G BOEHERE &
il & — I BRIV, 4 e s A R T DU
HEELEFE 6 Ik, HRIEIEE. WK IRTE SRS AR
PN T, THEARALEE . R ERER D BRI TRAIE N 210
nm KB SMIE, #EFERN 237mm BKESR
U, TSR AR AR U PR XS £ B R [ R o 0 [T AR o
SERRINTRSUEIEAHUEELE 0.9 LA B, 12 AMRHIEIE
FEHF B IR A] () RSD<<0.5%, AH %I T #H ) RSD <<
3.0%, R\TIEFEE LRI

(6) EEMFHEE. WA ML T8 HOEERE &,
6 fn, PATHISARSIER, e Gk 2 it
ITIE, 19216 E . KIETE SO AR LR PR 7
s VPEARLEE o B R IR D5 R B BRIE A 210 nm K
BB, B FE N 237 nm KBS IRIE, 15
R PR REGT (R B B[R] AR X U TRIAR o &5 R 0
FROUEEARUEETE 0.9 BAL, 12 AMRRAEUEE AR XT 7
A B[] ) RSD<<0.5%, AHXS I THIFH 1) RSD<<3.0%
R IEEGT R

() FaE M5 A L4 T A i R
Bl A, A E T =E FRE 0. 3. 64
9. 12\ 24h, F%HhE A KAFEATIE, 1536
Bl WRKIBFRSC I AR U VAN 735, THEARLRE .
W EREROVRRECHRAE N 210 nm KBS IRIE, Y
HERN 237 nm KBS HIE, TR S RHEGERAH
X O BRI TR AR XS TR AR o S5 R, FeguEiEAH
RLEELE 0.9 DL b, 12 AMRRAEUE AR XS LR B B[R]
RSD<C0.5%, AHXTIETRIFR ) RSD<3.0%, FKHHT7i%
et RIT,

(8) FEMERESIRSUEEN 2 4 4 FhTIRT7 7%
JIT 75 i HE R i B 1 25 BOR 4 2% A5 T A TR
FEHf e (g 25 AT I, 1S3t IRIRFRAL
BIEALE VRN i, tHEARE . fegUEE N
2 KB, K 210 nm (0~43 min, & 7) 1,
FEfL (S1~S4) S5xtE (S5) frarEikthig, nf
DAFRINERER AR B ERERONBRBHR . 5 A
I, ZEVK 237nm (43~125min, B 7) &1, FES
(S1~S4) S s (S6. S7. S8) FRalEi b,
AR A H B, R, SRIEHIR. H R A
g, JLRRINT 7 A, ERE S RSO T mT
DIFRE]. ¥ 4 B 07 VR IR MR B SRR T
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210 nm
S2
S3
5 M|M
R

TS P WA

o LSS L A
0 5 10 15 20 25 30 35 40

t/min

237 nm
S1 MM JL\,_J AP

R Y SO N S
S6
I i
7 AJHEE T;
o s
50 60 70 80 90 100 110 120
t/min

SI-ARTHE S2-WiZE TR S3-HEWRTIR S4-HETHR RUBIRGUENE  S5-wiA 4. SRR, R DAk
TR R S6-RRIS TR IR ST-H B HERON IR S8-FE RN R A

S1-freeze drying S2-spray drying S3-vacuum belt drying S4-vacuum drying R-reference fingerprint S5-reference
substances of amygdalin and ephedrine hydrochloride and pseudoephedrine hydrochloride ~S6-rosemary acid reference substance

S7-glycyrrhizin and glycyrrhizic acid reference substance ~ S8-hesperidin reference substance
7 FREITFIEFEEENEEF RIS EIL R R EE

Fig. 7 Fingerprints and comparisons of Huagai Powder benchmark samples of different drying methods

HPLC fR4UEE- SN “ b 2 (o145 S0 & T AH AL RE 7T
&40 (2012 JBO” FAFh, EmEErFEE, wER
% 9 fEA 0.1 min 150, RAHZ AR IEET (3
WEDTHCE, DA RS BRI IRFE S EIE (R, K
2. AW W TR LA R TR
HPLC $Ra &k 5 X B fa 8 S (RO FRARARLEE 753
£ 210 nm KA 0.990. 0.991. 0.996. 0.999, fE
W 237 nm KN 0.989. 0.995. 0.998. 0.999,

R TR HL 4 TR IESMERE i 5 IR e
WAL A R 22 5N
24 BRCEAXEEHEEN R RERMNE R
BS540

AL ST 22 7 Bl R B DL PR R AR S E
BB G OUI E SR PR BUE I B W PP I A, R
BV FEAR S ER G VMBI Tk, A ok S A A
RITHR IR ZE . A SCIGAENS A A TR 7 2 A 2k
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HERE 5 8 M S R P I FR bR iR 2, HLSe
SERTCIEG — LR, Wk AR X T & JE PR e
SERMATEMGEG VY. DLEKE. B, Kik
i+ span CRIARZM AT BEEJEHED . Ea™s CL & &
BN NP TR PR AT AR R, ARHEA R
SCHRZS H 0 BRI-40), 2 BB 227 AT TC B AN bR it
RALEE . PR FEAR NS K& IR SN R
MRk & R REROGRLF, BT IH— At
PRI 70 N IE AR AR AN M 48 AR, P ARLRG TR (A B
1 BN H T IR

L JFIE T TR AR I X RE RS S A AL 5 EE
XHREGS, R P, BRI VRN TR AR AR R
Wehy “HER” HERE (P, TFEER § TN 1S
B (HD, 13205 § BWEFEPR IR (WD

X 1A m AT n BIRIREZRFERE, ZRE VPN RS
Mm:P1mW1+P2mW2+P3m+ W3+anWno m%%ﬂz
WA PRI EAE, RIS /KE 238 % AR IE A span.
Ea' CI K ERBRMRT B AV 4F . B, B
T HER SR EEKIKN 0.136 6. 0.104 4,
0.1450. 0.1223. 0.0809. 0.0896. 0.0632. 0.063 4.
0.067 7+ 0.063 6. 0.0633. FEIMLZEEANME (M)
7.58 6.62 6.43 7.61
88.88 87.64 94.82 91.18
49.39 44.99 4291 49.31
2.55 2.84 2.48 1.33
58.30 63.63 61.87 59.09

X= |3947 40.80 36.60 4240
85.66 104.78 103.01 100.32
90.81 104.16 102.01 100.90

9486 9335 9431 91.42
8398 9191 94.69 9294
87.85 9345 9445 92091

0.025 4
0.172 7
0.000 0
0.192'1
1.000 0
X*=10.5052
0.000 0
0.000 0
1.000 0
0.000 0
0.000 0

0.8390
0.0000
0.6790
0.0000
0.0000
0.2759
1.000 0
1.000 0
0.5610
0.740 4
0.848 5

1.000 0
1.000 0
1.000 0
0.2384
0.3302
1.000 0
0.907 4
0.8390
0.840 1
1.000 0
1.000 0

0.0000
0.4930
0.0123
1.000 0
0.8518
0.0000
0.766 7
0.755 8
0.000 0
0.836 6
0.766 7

0.0136
0.103 7
0.000 0
0.1343
0.4583
P= 102836
0.000 0
0.000 0
0.416 5
0.000 0
0.000 0

0.4500
0.000 0
0.4015
0.000 0
0.000 0
0.1549
03739
0.3854
0.2337
0.2873
03244

0.536 4
0.600 3
0.5913
0.166 7
0.1513
0.5615
0.3393
0.3233
0.3499
0.388 0
0.382 4

0.000 0
0.296 0
0.007 3
0.699 1
0.390 4
0.000 0
0.286 7
0.2913
0.000 0
0.324 6
0.293 2

Hi=1[0542 5 06504 05143 059 4 0.729 0
0.7000 0.7883 0.7876 0.7732 0.7869 0.788 1]

Wi=1[0.136 6 0.104 4 0.145 0 0.122 3 0.080 9
0.0896 0.0632 0.0634 0.0677 0.0636 0.063 3]
WK 7, W, AETRNSGEIEIME R,
SE VO UR TR 2 A% 7 e s B B A TR T i
2.5 ESHEEERTRAEIZHIEMERE

NG UL € IV R T 5 ik i ARe e TR 5 W AT
PE, BT T 3 ML ZEAE, ME 1T R R
A RIS R R, S5 R AR 8. 3 IR IE IR R
R, WHETRLZRE. HIML, nERE
274 i B HERE ) TR T 1

RT TEFEFEESHEEERNESITNE
Table 7

Powder benchmark samples of different drying methods

Comprehensive evaluation values of Huagai

RRE YRS M T VE M
R e 0.1372 WBRT ) 0.424 0
RGN i 0.2262 % 55 Tk 0.212 6

R8 RFTIR 3 HESHEAEHRIEXKER
Table 8 Verification test results of three batches of Huagai
Powder benchmark samples of freeze drying

o HBS /%
T RS 2 B —
FE b . IR E B
2% %
OSSN
6.48 9540 9649 9720 96.57 9340 94.01
6.52 96.04 95.63 109.37 9633 9435 95.11
6.38 9592 9424 101.80 96.37 9454 9497

RH HET HEER

o =

3 Wig

ARSI VL2 A4 T A 5 O RAEAT 4 FhT R
T IRFEERE T SR T LU A, R i
FLERE S BRI, kiR, atE. EL R
PSR K. SRIR g IR, SRR SR



¢EH 2023F2H $£54% B 3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3 <777+

PEJR 2 AIAEAE SRR, AV VR TG R SE R L O
KEFIEABA 2 AL, WA SIBE R R K 5
FEANERIZIE, BUTAE W E S5 ST, iR

H 8 e B BRI, BB RIS A 5 KA

GEH. SEYUE R 251 G S A R R DL

A, 5EKE. RN R R IR R

Ky DRI, 0T R AERE B R B E RO E

B,

AT 4 PR T IE IR AERE S A PR O
BE, T ER N A HAL T A 24 R e v R TR JRR 3 5
Bk, Fo 2 AR A TR A, e AR A R
g aih H s A R TS ENE, WNER
VAl 4 ANTT T 2 S8 ks, R T2
Tavr BT S B E, AT R S — S B E A
A B R e BB, SR FEEAR R R B
. ASEIRARYEATIE SIS AR R, 1k E
TN AR S s AE B, IR SRR AR R =
(0.8 mL/min) K #h BRI 58 S0 7 B9 FERLLT . AL T
MU KA SO e 7k, S E eSS
He s BRSSO VA B, B9 T R 2 A
25895 T IR IS T BRI .

A SIS 25 G AL FEAERE 5 o 2 B PR T
MVEHT, HERETFME R R, AT > B
FHE>WE TR > AT, Lk A R T
AT 3 HLEGAE, KI L 28R E . EIELT,
HON AR TN & A4 T7 16 5 B HERE i i T
BETTE . HRZ, WURTIRTTIEAFAE T IR A |
REFERLE . AR BT RS ), B RE ML T 5
77 1 700 Tl Ak AR 77 A J TV R R AT P A A i
P, AR E A .

FBAR ALY FAREAEF B R
L&k
[11 kE, Tk, HWE, & Ky 7R K E BT

FCEER AR A EERNT [J]. TP EZE, 2021, 52(21): 6724-

6731.

[21 ARz=Hk, Wi, G, & BT Aadkmn (WA
W) L4 J5 % T2 MR ERRET AT )] PE s
T8, 2020, 26(2): 164-174.

[8] fREGA, B, M, % SIS ARG
JREHER R TT [J]. RE2, 2022, 53(9): 2650-
2658.

[4] XIEME, RO, ROE, 2. 0 E O BT
[7]. "FRZY, 2022, 44(12): 3959-3963.

[5] e, fo, AL, 25 S AR H Y

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

W B IR HERE AL (1], P 2 i ARdE, 2022, 23(6):
587-595.

Fotl, ZEREAE, BRI, . 4 7 B RS AERE B
HPLC ¥R&UERERFFL [1]. RHZ, 2022, 53(24): 7730-
7739.

e KTVERANE. KTFERAFEE M) dbx:
AR A H AR AE, 1985: 140.

EIAA, REZ, ki, % BT TMT EARAEE
HE RO H1688 F1 A549 [l 4H MO E . T4 1= 50
FIVE FIMLEIIETE (0], WHEE 4%, 2021, 62(16): 1434-
1440.

XEWAR, Ak, TOEEAE, 5. AR UL i R 22
FARTT I BNE S R IGIRBT AT [7]. TPAME AR AT, 2022,
20(3): 49-52.

BUgiE, MR, M, %5 FHRETERETZIREK
TEAEM R AT 7], 52y, 2017, 48(12): 2365-2370.
W, R, £HE, % HRETTREARE+HS
BETESESRFRRRE [1]. HE S 7 5 4R
&, 2012, 18(13): 310-313.

U, 250, dkFE, 5 T IUAESCEEN AHP-S
BOELEVIM A T /N AR 2 [J].
24, 2022, 53(3): 726-734.

2295, BRI EFRBUEMAS TS 1] FE
HiAREE Bk, 2021(9): 148-150.

BLRRSS, . ZHRSEEEN TIELGR 0] &t S
YK, 2004(11): 119-121.

ZENRE, k4, T3, S PR E BB L
RAETTERIR AR (7] HRZ, 2015, 37(11): 2491-
2494,

. AR P A ELESRE TR [J]. B
TR, 2007, 28(1): 22-23.

AN, AIRIE, M, & B TSR E M
B R RBUIR [0 FEEZ T4 E, 2016,
47(9): 1143-1150.

RN, 29098, R, % ARTEFRTHEA-
PR R BEBAL R 7T (3], A HUE R, 2022,
53(2): 378-385.

R, MIEE, MV, & R TR IR 2 X
PR KL TIREMIRE I [J]. 24527 54R, 2020, 55(5): 1022-
1029.

Can K A, Baskaya H, Guzel O, et al. Characterization of
some physicochemical properties of spray-dried and
freeze-dried sour cherry powders [J]. J Food Process
Preserv, 2020, 44(12), doi: 10.1111/JFPP.14975.

2R, R4, T, % PR ENWILE R
AL FCHERE 7). Sk, 2015, 37(11): 2491-
2494,

WL, o106, wEE, & TR T2 504y



« 778 ¢

¢EH 2023F2H $£54% B 3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

PR RIAR SRR T ()], P E 2
1295-1299.

B, MK, B, & PARERYEMR S Tk
HRL T2 A R AL (3], R E A 4R, 2011,
36(12): 1606-1609.

Tk, BREE, XSHH, . BT R T R EEn
LLTERORL ] £ L2 M B R AL BB 5T 1], Hh R,
2019, 50(17): 4123-4130.

TR, Fhaxm, IR, . R EAERMME
PEVEAN KA B 2 8O BE P ALAL B E (0], 2557 23R,
2020, 55(8): 1923-1931.

Haider C, Palzer S. Agglomeration in the Food Industry—
A Result of Particle Contact Mechanisms [M]. Berlin:

F &, 2008, 43(17):

Springer-Verlag, 2016: 7.

Bindra D S, Desikan S. Impact of micromeritic properties
of an active pharmaceutical ingredient on its compaction
behavior [J]. Pharm Dev Technol, 2015, 20(2): 129-138.
Patel N G, Serajuddin A T M. Moisture sorption by
polymeric excipients commonly used in amorphous solid
dispersion and its effect on glass transition temperature: 1.
Polyvinylpyrrolidone and related copolymers [J]. Int J
Pharm, 2022, 616: 121532.

FioafE, XK, AP, . P ARER LA
KENR [7]. HEFZ4E, 2017, 42(1): 192-197.
RS, BN, TKSR, . IR RS
R [7]. 25225, 2021, 56(5): 1301-
1313.

XK, DRid, (T, 5. AN DE (B2 5 RIRE Tk
TS Bk R (7], Th E iR, 2016,
41(16): 3016-3021.

FEEEE, FIRR, B, & JUME WA FAEXT
WESEME RRYIR 7. FEZ5F, 2009, 20(31):
2413-2415.

VRRE, (THE, TRERR, & T KPR 5 4R
T T R AR B T [0]. HPELZG, 2017, 48(16):
3353-3358.

SRR, K, A, & PR BN IRTIE Kk
AR IR [7]. FEZY, 2011, 33(11): 1960-1964.
Devesa R, Dietrich A M. Guidance for optimizing drinking

water taste by adjusting mineralization as measured by

[36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

total dissolved solids (TDS) [J]. Desalination, 2018, 439:

147-154.

TSR, 205, Mgk, S5 HTR AR BRI 5

FALI A AT AR 0], B2, 2021, 52(24):

7438-7446.

Kulapichitr F, Borompichaichartkul C, Fang M, et al.

Effect of post-harvest drying process on chlorogenic acids,

antioxidant activities and CIE-Lab color of Thai Arabica

green coffee beans [J]. Food Chem, 2022, 366: 130504.

B H, THiE, T&8k, % B Srr-m N miE ik

e M T EOTERER T2 (1] g, 2021, 52(7):

1957-1964.

BUSCRE, FBARFH, ARLZS, %5 TR, EARYIE

FRAR A& A S M I L A iR B AT DA

KL K SE OB [J]. R EE, 2021, 52(11): 3234-

3238.

BN, DhefiE, AT, 5. mAIGEELRER

ARG W A 25 BACER BOCAUR 4 2 AR e R AR [I]. R

2453, 2020,31(03):303-308.

BRgae, ARaiA. (REZR) (2010 FER~2020 FAR)

RATRSUCRHE) IR M R 5 R [J]. FUTEERLR

gk, 2022, 42(1): 150-155.

Rl R, B, %%, Box-Behnken i N I 124 PA

TRGUEIRE AL RZE Tl FE PR L L2 (7], 250k

&,2021, 56(18): 1512-1523.

NREGE, #REF, REZEEE. TR TOPSIS %)

FEHERET RS RESEEGWN 0] FE AL

it, 2017, 34(1): 53-54.

Eorzs, Bham K. bEA T AR R R R R A

EREA [J]. &5 5EHEITT, 2021, 42(6): 15-25.

TRk, TARE, B/NKR, % HETE BRELG R BEG 75

KIEE T EET T [7]. 524, 2016, 47(12): 2113-

2117.

WL, THEENE, BTG, S5 BETE RSER M IER KR

TH 45 G HR ST A A vk DU b Mok R I (7).

%4, 2018, 49(6): 1331-1337.

HEH, 27, B, . R i-2i 6 ik g UL H e

SUEERT T [1]. PG, 2016, 47(3): 425-429.

XIFATE, Eh, RoOUR, 5. BT IRERLE T 2549

BB MR [J]. TPEEZ, 2022, 53(3): 930-936.
[FiEtmit  FeAlng]



