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Abstract: Objective This study applied the quality by design (QbD) principle to identify key attributes and elucidate their transfer
relationships along the “spray-dried powder-ribbon-granule” manufacturing chain of Shanzha (Crataegi Fructus) formula granules.
Methods A fractional factorial design was implemented to investigate seven major factors affecting the properties of the spray-dried
powder, ribbons, and granules. The relevant properties of these intermediates were measured. Modeling and attribute identification
were performed using analysis of variance, multiple linear regression, and orthogonal partial least squares-discriminant analysis
(OPLS-DA). Results Excipient amount, inlet air temperature, and roller pressure were identified as critical process parameters. A key
attribute transfer relationship was established, centered on glass transition temperature (7¢) and median particle size (Dso), and
associated with supporting attributes including moisture content (1), bulk density (Pv1), tapped density (pu) of the spray-dried powder,

ribbon yield, and granule yield. Among these, T¢ served as a representative key indicator with both discriminative and transfer functions.
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Conclusion This research clarifies the identification and transfer relationships of key attributes in the dry granulation process of

Crataegi Fructus formula granules, providing a basis for developing effective quality control strategies and supporting the high-quality

development of the formula granules industry.
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Fig. 1 Process flow for spray drying and dry granulation of formula granules
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1 1.15 30 150 15 1 40 6.3
2 1.15 30 120 10 2 40 6.3
3 1.05 30 120 15 1 60 6.3
4 1.15 50 150 15 2 60 6.3
5 1.05 50 150 10 1 40 6.3
6 1.15 50 120 15 1 40 33
7 1.05 30 150 10 2 60 6.3
8 1.15 50 150 10 2 40 33
9 1.15 50 120 10 1 60 6.3
10 1.05 30 120 10 1 40 33
11 1.15 30 120 15 2 60 33
12 1.05 50 120 10 2 60 33
13 1.15 30 150 10 1 60 33
14 1.05 50 120 15 2 40 6.3
15 1.05 50 150 15 1 60 33
16 1.05 30 150 15 2 40 33

R LR AR b TR A PR LR
The dosage of auxiliary materials is the mass ratio of solid content in

hawthorn concentrated solution.
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x2 BEEMEIMR (n=3)
Table 2 Properties of spray-dried powder (n = 3)

5 BMEY% Hi% a/(°) pu/(gmL™") pu/(gmL™") CRi/% HRi Dio/um Dso/um Doo/um span We/% CS/g To/C
1 67.37 4.04 48.57 0.39 0.63 37.78 1.61 2544 69.73 163.70 1.98 28.57 340.22 53.53
2 65.70 6.19 51.49 0.52 0.79 3444 153 243 59.01 17521 2.56 30.55 304.71 39.70
3 66.07 7.04 54.46 0.51 0.78 3444 153 17.06 4098 131.79 2.80 31.10 312.96 32.92
4 69.89 424 5446 0.43 0.69 37.78 1.61 1942 4898 13550 2.37 28.36 365.71 52.11
5 86.36 449 4527 0.52 0.79 3444 153 2235 5248 131.15 2.07 28.68 344.66 49.30
6 78.84 5.69 47.60 0.57 0.87 36.27 1.57 2123 57.57 185.58 2.85 29.17 329.76 40.27
7 71.23 5.14 5233 0.43 0.67 35,56 1.56 2545 6191 155.09 2.09 29.35 339.06 45.26
8 90.18 4.84 53.71 0.51 0.79 3556 1.55 25.12 7234 22846 2.82 28.62 332.85 46.29
9 76.81 5.28 49.97 0.56 0.88 36.94 1.59 2135 5482 179.34 2.88 28.49 370.20 39.71
10 72.78 597 49.97 0.50 0.74 3222 148 21.64 53.05 174.80 2.89 30.50 327.39 40.20
11 65.58 6.25 55.01 0.47 0.75 36.67 1.58 20.79 4722 124.74 2.20 30.67 374.93 38.60
12 74.23 5.11 49.28 0.56 0.87 36.00 1.57 20.00 5439 184.15 3.02 29.04 361.47 41.50
13 71.18 531 49.74 0.43 0.63 3222 1.48 26.51 6256 150.27 198 29.45 346.36 44.98
14 68.03 6.83 40.60 0.52 0.79 36.60 1.58 15.85 41.50 120.01 2.51 27.64 282.16 28.85
15 76.69 4.18 52.33 0.45 0.67 3333 1.50 2229 5479 150.97 235 28.17 335.67 53.33
16 83.21 442 54.09 0.36 0.61 40.00 1.67 21.51 5553 136.64 2.07 2891 317.75 50.15

R3I FHEMBAMR (n=3)
Table 3 Properties of ribbon and granules (7 = 3)

F5 R % &% TSIN'mm™2) PFREERY% H/% /) pw/(gmL?) po/(gmL™') CRy/% HR: MafEE/%
1 77.44 14.94 1.66 53.31 5.03 36.61 0.60 0.73 18.89 1.23 29.87
2 63.53 19.34 0.34 38.66 6.45 37.99 0.68 0.80 15.56 1.18 35.69
3 66.71 15.22 0.63 43.09 7.07 36.61 0.73 0.87 15.56 1.18 21.00
4 68.86 13.62 2.58 47.09 499 36.25 0.64 0.80 20.00 1.25 28.10
5 67.38 18.30 0.39 42.69 448 36.29 0.63 0.77 17.78 1.22 25.30
6 68.03 26.50 0.29 34.28 498 37.13 0.64 0.76 15.56 1.18 38.45
7 76.72 21.65 2.28 54.46 4.67 37.82 0.68 0.80 15.56 1.18 27.94
8 71.95 29.08 0.27 37.73 4.58 37.64 0.61 0.75 17.78  1.22 46.48
9 71.89 13.40 1.30 47.89 523 37.64 0.67 0.83 18.89 1.23 24.62
10 74.08 24.06 0.30 43.40 6.32  37.65 0.72 0.80 10.00 1.11 37.70
11 72.52 18.08 0.58 44.83 572 3775 0.64 0.78 17.78 1.22 28.78
12 71.81 25.38 0.71 45.64 5.07 37.65 0.66 0.79 16.67 1.20 31.73
13 78.88 15.70 1.50 51.12 498 37.30 0.67 0.80 16.67 1.20 29.17
14 66.34 32.09 0.60 35.69 6.37 36.25 0.66 0.82 18.89 1.23 27.39
15 76.89 19.19 1.12 48.56 478 36.61 0.62 0.78 20.00 1.25 27.09
16 77.00 23.52 1.56 50.58 527 37.65 0.58 0.74 21.11  1.27 34.44
BRI — IR
The particle yield is one-step molding rate.
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Table 4 Dual criteria in analysis of variance
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importance projection, VIP) AT XHEAR &L, K
VIP>1 AR &, HI5E x5 BA 25 TTik i O i
YEHEPER, SHIGE OPLS-DA #RB Fifs e i, it
17 200 BT, BHEH O HHZ@uEE N T

x5 BTHMBFESR
Table 5 Analysis of variance for spray-dried powder
X ARUHE BEIRE dERhEE
WP nw P P 7

EEE 2

0, AJEHHBAN R 5 02 1) 5% 5T B i oA, ¥ 0.609 0.01 0.039° 0.25 0.079 0.17 0.213 0.08
HER LA KUK Hi 0.580 0.01 0.144 0.06 0.000" 0.64 0.881 0.00
27 AT ETBAFHRELESHHR o 0751 000 0000" 028 000 051 004" 0.2
I e .y N - Pl . . . . . . . .
2"7"1/\%"$%\‘ %Tﬁﬂ%ﬁﬂﬁgmﬁﬁﬁﬁ KA P 0.423 0.01 0.000** 0.30 0.000™ 0.52 0.017* 0.07
JIZIPHT, RGP CPPs JHEILS CQAs HIfE CRi 0554 0.02 0.674 0.01 0.717 0.01 0.089 0.23
FMAE . J7 2 N —Fh gk, T HR;  0.635 0.00 0.775 0.00 0.703 0.00 0.106 0.02
WS T 2SH, WK SOURLT &8 1 1) 235 5 Do 0.012* 0.16 0.029° 0.11 0.001™ 0.33 0.003"* 0.27
M2, AT SR IR 5. 6. Dso  0.040" 0.00 0.607 0.00 0.017° 0.00 0.051 0.00
FRAE X T UHEN, 432 5 thm TR Ik T 38 4T Doy 0.144 0.13 0.328 0.05 0.817 0.00 0.043" 0.26
2 TE SRR AN 3 2K, 51 KN span  0.874 0.00 0.039" 0.16 0.002™ 0.48 0.255 0.04
2 SRR K, T Hye pors pas Tee Wes We  0.853 0.00 0.001" 0.49 0.017° 0.20 0.419 0.02
Duo il span, JHEHE 0 5525 B0 2 44 N5 2 Te 0.628 0.00 0.352 0.02 0.000™ 0.76 0.479 0.01
, bt o, CS  0.190 0.14 0.577 0.02 0.580 0.02 0.525 0.03
P<0.05 H #*>0.26, Bitn, EXRIEXT Te i P00 "P<00l. Z6H.
*&%E%, %2¥%E%Hi%%”ﬁ¢%ut, y\ "P<0.05 "P<0.01; Same as table 6.
®6 KHMBRINGEN
Table 6 Analysis of variance for ribbon and granules
e AET %% FE HRLH & R R FE AR A FR WK ARFC R
& P n? P n? P n? P n? P n? P n? P n?
4% 0791 0.00 0.127  0.11 0.020° 031 0.865 0.00 0394 003 0221 0.06 0.049" 0.0
e 0.071 0.11 0.107 0.08 0227 0.04 0.793 0.00 0.033° 0.16 0.011° 027 0.044° 0.14
TS 0.674 0.01 0477 0.2 0.015° 034 0392 0.03 0441 0.02 0038 022 0.144  0.09
BURI/3% 0599 0.01 0.045" 0.18 0.015° 030 0.811 000 0.581 0.0 0025 024 069 0.0l
H> 0317 0.03 0.032° 0.18 0.002* 049 0245 0.04 0901 0.0 0630 001 0218  0.05
o 0.283 0.03 0.035° 0.16 0.146 0.07 0.011° 027 0076 0.10 0.792  0.00 0.035° 0.16
Pr2 0.186 0.06 0.194 0.06 0.008" 035 0083 0.11 0221 0.05 0120 009 0243  0.05
pe 0.185 0.01 0.68 0.00 0.016° 0.03 0410 0.00 0422 0.00 0014 0.03 0.040° 0.02
CR> 0.519 0.02 0.118 0.13 0.051 022 0051 022 0260 0.06 0519 002 0519 0.02
HR> 0.571 0.01 0.123 0.12 0.049° 022 0.049 022 0271 006 0571 001 0.543  0.02
MafERE 0.059 0.08 0.735 0.00 0.822  0.00 0.108 006 0.069 008 0.002 034 0.003" 030
RN, HEEHER R EE, H ?2< R EL TS, PRAFZ. Hav poas X Hy BN

0.26; 3 3 FKNEZEMHANGUES, B0 Dso, HAHXS
B P=0.040, {H 72=0.00, ARG REE D,
WRIATZHAE, Rl TRAREDFTEAE HAEH
FE . i B RIRE N E R CPP, X His Pois P
Te ¥772E VBRI R E . fik B R E
HLH) CPP, XHFKIZE. porv pu M W B2 R
FEXT 25 P A AL B R A B AR T A 5 o 1
5T CPPs Stk KU B2 A k) /o

MRYEE A, KR 6 Hil B 5m o e 1
I35 H SEBRsgma s R, ot XU B 3 R

R HRAC o e B B s ma il L R 2, H 2=
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Ut B 55 18 S B X Se SR AR IR B2 JJ A LE T T
EES, B2 PAE/NT 0.05, BRI R L. [AIHT
FEEAL T CPPs X CQAs FISEIA 5 [ AIRESE, ]
RIS H003 | DALy, FRERIARL T
FRITERE . B, T (MEIEAERIRET, $2midt KR

2.7.2

SR ERR, HiX 4 NMetadoRIEER,
BB R R S AR S, X 2 A
UL (Rl 2 e, S A R o - R 2 4
(M2 Jolal AR a, 45 WA 8. Mk 8 vfS, T H
FlEFBEA R, H R2>0.8, RABEAFERE 5,
2% FUBUREVE BT AR ¢ 11 B Fa b, 3552 BI85k
SR Vo IR, B an, Harse R [ AR R R B,
3% Tev span. Dsov Hi Z5846HR, A H) T ek
TERE, XECFRFR M TR R R i E. W%
AR R T Hiv Dsos Te pois pu FEREY
W IR A, UL IR e R bR 3 AL R,
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Table 7 Regression equations for spray-dried powder
Fekr B )= 5 2 R R* Rua? P
BR% % =42.739+0.362 fFHEAHE+0.200 #XIRE—0.820 BEklEE 0.702 0.493 0.366 0.037
Hi Hi=14.550—1.675 FHXF % —0.023 FikHE —0.049 )RR +0.009 HERLE 0.846 0.715 0.611 0.005
Te Te=-20.015+8.350 AHXTZE+0.081 HiklHE+0.359 #XEEE+0.246 SRR 0.893 0.797 0.723 0.004
Poi pp1=0.806+0.037 FHXT%E +0.003 FRHE—0.003 H#XIEE—0.008 kb E 0.949 0.900 0.864 0.000
Pl pu=1.081+0.138 AHXT25 5 +0.005 ikl HE—0.004 #FXIEE —0.009 HELEE 0.948 0.898 0.861 0.000
Do Dio=-6.434+22.513 FAXF % —0.095 kR 40.108 #RIRE —0.578 #RLEE  0.902 0.814 0.746 0.001
Dso Dso=—42.786+72.000 X —0.082 HikHE+0.291 #EXIRE—1.357 #ERLERE 0.791 0.626 0.490 0.020
Doo Doo=12.169-+197.750 FHXJ % —5.739 HERLESE 0.623 0.388 0.294 0.041
span  span=4.717—0.200 X% E—0.017 HiRHE+0.014 FERIFE—0.029 FEHEE  0.824 0.679 0.563 0.009
We We=35.882+0.613 X ZE—0.068 ikt E—0.029 3 KIRE —0.052 HEEHHE A 0.846 0.715 0.611 0.005
£8 FHREFAIMERAEIEE
Table 8 Regression equations for ribbon and granule properties
fibr [ 55 2 R R® Rag? PIE
ST LEER=83.937—2.162 WREIAKR+0.143 BEE )1 —1.075 HREEE—43.569 ppi+0.185 Dso 0.909 0.825 0.738 0.002
£ €=27.197+5.484 HECIHIBR—0.279 441 —1.312 HEFHE—106.344 pu—57.725 p—0.077 Tz~ 0.855 0.731 0.551 0.030
TS TS=-0.989+0.129 HF (AR +0.033 %A S1+0.182 HAHE—7.395 po1+0.039 Te+0.469 span 0.911 0.829 0.716 0.005

WRSR WkEE=243.872—0.784 I IAIF+0.163 HEHIE J140.908 4REHEE—2.170 Te—74.323 pu—
14.995 Hi+0.698 We

0.969 0.938 0.884 0.000

H H>=0.803—0.017 855 77+0.125 I HH41.149 span—5.408 puy —0.028 Dso+0.444 Hi+-0.149 We 0.960 0.921 0.853 0.001

o 02=35.326+0.472 I 40.002 HIEESI—0.091 HEFHE—0.127 Te+0.036 Dso—0.718 Hi+  0.890 0.793 0.611 0.028
0.303 .

P2 P02=0.926+0.001 HREEI+0.011 HEHEE+1.341 ppi—0.009 Te+0.046 span—1.145 py— 0.975 0.951 0.895 0.001
0.039 Hi4-0.011 W,

pe Po=1.38940.001 R E/1+0.011 I HE+0.878 ppi—0.008 Te+0.033 span—0.814 p;—0.001 Dso 0.988 0.975 0.947 0.000

CR: CR2=0.076+0.001 &% 71—0.002 FAHHE—0.984 por+0.006 Te—0.021 span+0.775 pu+ 0.904 0.816 0.606 0.045

0.039 H1—0.016 W.

HR» HR>=1.086+0.001 %% 71—0.003 H#EHHE —1.409 poi+0.009 Te—0.027 span+1.094 py +
0.056 Hi—0.023 W,
MR MalERE =-46.12843.652 AL IAIE —0.243 $HE/1—1.591 HHHHE+0.652 T,+7.630 span+

0.378 Dso+4.307 Hi

0.906 0.820 0.615 0.042

0.977 0.954 0.913 0.000
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Table 9 Comparison of statistical parameters for different
OPLS-DA models

et FebR s R%x R%y o?
OPLS-DAH; an 24 0.778 0.872 0.441
OPLS-DAH; 8 0.813 0.802 0.554
OPLS-DATs an 24 0.782 0.867 0.424
OPLS-DATs 8 0.816 0.793 0.544
OPLS-DAcan 24 0.779 0.873 0.432
OPLS-DAc 9 0.815 0.801 0.553
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Fig.2 200 permutation test plots for OPLS-DA#u,, OPLS-
DArTs, and OPLS-DAC, respectively
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and OPLS-DAC, respectively
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