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Abstract: Objective To meet the requirements for high-quality development of food-medicine homology products, taking Xiaoer
Xiaoshi Granules (XXG, /N JLiH £ 5ikI) as an example, this study established an intelligent-driven granulation process optimization
and quality consistency evaluation method for food-medicine homology granules based on the quality by design (QbD) concept.
Methods Firstly, the analytic hierarchy process (AHP) was used to assigned weights to critical quality attributes (CQAs) of XXG,
with subsequent risk assessment identifying granulation critical influencing factors. Secondly, following single-factor screening of

critical influencing factors, the optimal combination of granulation parameters was selected by comparing the Box-Behnken design-
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response surface methodology (BBD-RSM) and the genetic algorithm-backpropagation neural network (GA-BPNN). Finally,
leveraging the medicine-food homology properties of XXG, a quality consistency assessment was performed targeting both chemical
attributes (total flavonoid content) and taste quality attribute based on electronic tongue. Results The excipient properties, ethanol
volume fraction of wetting agent, ethanol amount, and excipient-to-drug ratio were determined as critical influencing factors, the
optimal granulation parameters for XXG were determined as follows: an excipient system of maltodextrin to mannitol ata 2 : 1 ratio,
an ethanol concentration of 84%, an ethanol amount of 0.18 mL/g, and an excipient-to-drug ratio of 1.5 © 1, yielding a comprehensive
score of 103.88. Regarding bioactive constituents, the RSD of total flavonoid content across three batches was as low as 1.95%. For
instrumental sensory evaluation, the e-tongue response values demonstrated batch-to-batch consistency with RSDs below 3% across
all seven sensors. Conclusion The optimized granulation parameter set demonstrated stability and feasibility, and this process
optimization approach can offer valuable insights for developing medicine-food homology products and advancing intelligent
manufacturing in traditional Chinese medicine.

Key words: medicine-food homology products; granulation process; quality by design; genetic algorithm-backpropagation neural
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Table 4 Investigation of excipient combinations amounts (X + s, n=3)

IR 571 &2 B P FRELZ /% R /% B % GEVEY
FHWIRE-HEEES 1 79.20+2.70 15.60+0.16 94.94+1.56 91.64
FUHHR-HEEE2 1 80.40+0.59 13.654+0.26 96.44+0.57 95.90
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80  80.40+0.59 13.65+0.26 96.44+0.57 99.84
85  78.07£0.34 15.79+0.06 97.40£0.07 9441
90  58.80+3.37 17.01+0.11 97.27£0.24  79.60
95  42.13+3.24 17.10+036 97.03+£0.32  68.24
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0.10 68.871+0.50 17.19+0.30 97.52+0.10 81.54
0.15 89.27+0.37 14.96+0.18 96.77+0.38 97.27
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Table 7 Investigation of excipient-to-drug ratio
(Xts,n=3)

WAL SRR BHRER/Y% BHE% AT
0.5:1 8426%1.59 16.64+0.20 97.48+1.57  90.08
1.0:1 89274037 1496+0.18 96.7720.38  95.57
1.5:1 82532133 13.58+0.17 98.44+0.16 9436
20:1 80.6720.66 12.87+0.96 98.391+0.69 94.79

25 XXGRBETIZEZEEER

2.5.1 BBD-RSM SEEGWIT 5708 TEHRFIZR L
ZELNEEA b, k5 O (XD CEEHE
(X2) KAzith (X, VAHEZRIR) 1EN BBD-RSM
Wit 3 MEE, MPRERZRSERIERN 3 K
P47 BBD-RSM SE56 #5811, LA 17 A2
G, BANSHAGPATESR 3 ke, HRgR L
#* 8. JE1#H Design-Expert 13.0 #4462 BEARFR 43
B (XD CHEHE (XD, izt (X)) 54:81F5
HEAT 2 WG, BBIMEET RN E S Y=
91.60—6.38 X;1+7.04 X,+3.61 X;+3.25 X, X3—4.35
X2—4.73 X,?, R2=0.948 6, i} B [A] )4 )7 R4 & 47,



+58 . PED 2026E1 8 B57% H 18 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 1
#& 8 BBD-RSM LRI ERKFESMNE (X+s,n=3)
Table 8 BBD-RSM experimental design and response values (X + s, n=23)
o X X/ A PR Pt 4E s X X/ A PR Pt %6
% (mLg") /% 1% % T % (mL-g™) /% /% R1% P
1 80(=1) 0.15(0) 1.5(+1) 81.87+1.32 13.94£0.05 96.67+0.31 95.60) 10 85 0.20 1.5 86.47+0.93 13.82+0.40 97.32+0.17 98.82
2 80 0.15 0.5(=1) 77.00£1.06 16.15+0.08 94.54+0.91 88.32| 11 85 0.10 1.553.93+1.16 14.301+0.36 96.971+0.20 77.49
380 0.10(-1) 1.0(0) 66.87+0.50 14.540.09 96.55%0.16 85.04) 12 85 020 0.5 76.53%1.37 16.180.04 95.68£0.08 88.17
4 80  020(+1) 1.0 80.40%0.59 13.2740.25 96.61+0.37 96.10] 13 85 0.15 1.0 78.07£1.36 15.68+0.40 96.38£0.16 90.04
5 90(+1) 0.10 1.0 45.50+1.15 16.631+0.28 96.17+0.17 68.23| 14 85 0.15 1.0 80.73+0.90 15.18%0.27 96.67+0.16 92.57
6 90 0.20 1.0 65.8040.86 14.83+£0.11 96.59+0.09 83.84| 15 85 0.15 1.0 80.0041.50 15.30£0.30 96.67+0.25 91.91
7 90 0.15 1.5 69.53+0.90 14.13+0.23 97.214+0.08 87.61 16 85 0.15 1.0 78.73+0.34 14.0240.30 96.60+0.18 93.45
g 90 0.15 0.5 58.07+£1.09 17.89+0.24 95.7440.10 74.33 17 85 0.15 1.0 78.60+2.94 14.104+0.60 96.24+0.13 93.16
9 85(0) 0.10 0.5 65.40+1.61 17.0610.43 94.8710.28 79.84
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Fig. 1 Design space of XXG formulation process
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Table 10 Design space verification

F=9 [EVEERBEFESHR
Table 9 ANOVA of regression model s2=3 LB LR W RSN E é’%/ﬁ:
FERE mEFHTM BAEE By FE P{E % (ml-g) S lon )
iRt 1076.91 9  119.66 2496  0.0002 8 011 LO- B 87.98
2 85 0.15 1.2 WIFEEA - 93.91

Xi 325.76 1 32576 67.95 <0.000 1 o

85 0.17 1.0 WIFZHEPA  94.16
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Fig.2 Error descent curve of neural network

149 mo4Fg. R=0.962 38

—_
<)

o
2N

output~(.85 X target+0.082

029

0.2 0.6 1.0 1.4
target

L4 ks, R=094937 O

=)

o
2N

output~~(.97 X target+0.037

029

0.2 0.6 1.0 1.4
target

B3 AIHEMERBENLE. BIEE. MXE. SHEBELVEEBESEREEEAZRY

Fig.3 Regression fitting results and coefficients of artificial neural network model on training set, validation set, test set and

overall data
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Fig. 4 Comparison of prediction results of optimized

model on training set and testing set
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Table 11 Performance metrics of optimized model

=1y R? RMSE MAE MBE
YGHE 09835 1.0398  0.74741  —0.094 843
MAREE 09748 1.2982 1.07850  —0.066 901
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AW T 3, B e e R E IR AR 24 GA
IEAREZE 84 IR, FIA 100.28 Fffilr; 4 GA i%EAR
100 I G Ak, FE St I B B L) T
258 BNEA T ESHH G 1 R Tl SEprA: 7
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Fig. 5 Optimal fitness curve
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Table 12 Verification of optimal forming process using two
model fitting methods

S LRG0 FRILGEITS RSD/%
1 101.57 101.28 0.58
2 100.60
3 101.66
1
2
3

AT
BBD-RSM

GA-BPNN 2 103.68
103.60

104.36

103.88 0.40
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Table 13 Determination results of total flavonoid content

in three batches of granules

FE i AfE S/ (mgg™) RSD/%
XXG-1 0.356 8.46 1.95
XXG-2 0.371 8.82
XXG-3 0.371 8.82
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Py AR kar MR bR i TR A B, FEERTEAS [F X
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3 SRR AR TR A BB, @ 7 AR
FE AR NAE TS, 7 MRS RSD KKK
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3 it
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Fig. 6 Electronic tongue taste radar chart for three

batches of granules
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