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Prediction of moisture ratio for Peucedani Radix slices during microwave vacuum
drying based on intelligent integrated model
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Abstract: Objective An intelligent integrated modeling method based on ensemble learning and back propagation (BP) neural
network was proposed to establish a moisture ratio prediction model for Qianhu (Peucedani Radix) slices during microwave vacuum
drying. Methods The experimental scheme of Peucedani Radix slices during microwave vacuum drying was reasonably designed
to explore the effects of different microwave power, slice thickness and drying layers on the moisture ratio of Peucedani Radix slices
during drying process, and the original data set for moisture ratio modeling was constructed. The original data set was reasonably
divided into training set, validation set and testing set. The training set was used to establish BP neural network sub-models with
different numbers of hidden layer neurons, and the validation set was used to prevent over-fitting of the training process. The testing
set was used to establish an intelligent integrated model of moisture ratio of Peucedani Radix slices during microwave vacuum
drying, and the model was applied. Results The results of drying experiments showed that increasing microwave power or
reducing slice thickness could effectively shorten total drying time of Peucedani Radix slices, and achieve the purpose of improving
drying efficiency and energy saving. The application results of the model showed that the intelligent integrated model had good
stability, generalization and prediction accuracy, and could quickly and accurately predict the moisture ratio of Peucedani Radix
slices during microwave vacuum drying. Conclusion The intelligent integrated model provides important technical support for
drying process optimization and control of Peucedani Radix slices. The intelligent integrated modeling method provides an effective
new modeling method for drying process modeling of Chinese herbal medicines.
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Table 1 Single factor experimental scheme of Peucedani
Radix slices during microwave vacuum drying
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Fig. 1 Topological structure of BP neural network for
predicting moisture ratio of Peucedani Radix slices during
drying process
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Table 2 Parameter setting of BP neural network
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Fig. 2 Structure of intelligent integrated model for
moisture ratio of Peucedani Radix slices during microwave
vacuum drying process
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Fig. 4 Moisture ratio curve of Peucedani Radix slices with
drying time under different microwave power
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Fig. 5 Moisture ratio curve of Peucedani Radix slices with
drying time under different slice thicknesses
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Fig. 6 Moisture ratio curve of Peucedani Radix slices with
drying time under different drying layers
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Table 4 Evaluation index data of all intelligent integrated

models
R MR IASEES
RZ  RMSE R? RMSE
R EREE 0.959 0.063 0.968 0.057
SRR AR 0.959 0.063 0.967 0.058
R MR ERUEE 0970 0.054  0.980 0.045
R MEAERHEE 0970 0.054  0.980 0.046
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Fig. 8 Application set prediction effect of intelligent
integrated model (selective integration and entropy method)
for moisture ratio of Peucedani Radix slices

4 g

WA AT R O A TR, R
T TR . U R RN 2 ok i A U0
WA TR AR K 3 LE AR IR e o S B 45 SRR,
P R e Th 2 B D U JE R # R A 4 R T
SR, Pk D R FR A IR S AT ], A EHE
ETERACR. R A . SV EE. TEREHR
FALL, TR Th &N R TR R R oA . [F
i, @I Sh e T 150 A TS HU A .
T AR [ FI K  PE R SE B A, AR T F T RTEAD)
TS R K Ay LA A R BR 4R . S3ah, ik
BT 21 HSIRHE F Tk — DI B AR B A
MRS PE . 2 AR RN IR B2

NT TR BP MR . 2 A
TOINRE FESEA R, $R T — P T )
1 BP 4 W 4% (1R R AR BURAR J7V2:,  JRIE I AR
BUGENT AR TY AR RN B e B I FH 45 STt i 72,
BN T RISV T RE K 2 LR BE SR R
T RE AR AR IR AR AR S T AR A S I AR,
WA HEREZ DRSS EME 0 BP #f
WG TSR, TR PRI TR R B i Al
TIRFAERN S B AR LR MR, wek38 7 B AL [ A 2R
PERERE, THBR T BN e M, TEBEARIESS
TR 2R R RN, SRR T R 2
S, BB MR AT EA D) A TR AR Y A R
PEo BB 25 R R B AR A Y B LTI
Fase . AR TR FE -

RTEAY) A TR R K o U RE A SR, 42
TSt S T ARk B A TR T S SRS R Y F K 4y
b2 A1 52 2 AR 2R G R, AT DAFH - DR o Ay i 730
MT I FERIK T A, A4, B RESE R
VIR N R R R AR T — A R
BT 7. BT 4 A BT HErf S 3R a U
TR B KR AR, & n] LA RTEY AT
PRI FRACACRO 2 ) F2 it B B BR SCRE, IO ARIIE
HA 24 4 A5 ot SR PTG REFE A FL A E B ) 30 A I
59 -3'&

RTEADD A B B AN AE T /K ot i —Fi
b, ENAFEAM PR (0. B, B R
SR (Pl FERBRS R FHEEZHER. £
TR T — S pT A A e s RS, T
R T AT A & G R &', UK
TR FRRTEAY) A AR, R T L



° 2214

PER 2024448 #55% H7H  Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 7

WAL R . HERISGEHHAM M 3R/ %5
BIRIX L o fHX AR e, (HRE TS AR b2
A AN [RIRE BE R B e AR e AR BT, Tl 12 T4
SEI6 HOMR AR VE A 25.2~39.6 C, ATl T4
i i th2e. VI JRRESE) A 18 o [ Hi
VIR B R BN S B A R 2, I
BRI TR AR T AR B & R Ak
PERRTSAT) A B AR B AR B TR R,
AV A B EIZ AR S, SRR ARG ML IR
HORFRRE,, HE AR B IR S i B R BB PR IG, &
O ZEE IR N EARIG R Th 28 m] DA i -1
ISFIR], AH 238 I0ATEY) A B B A8 . 4 5 AT
PAAE IX SLFiT AR 0 AR FUARHH 78 TAE R SRt B, 3
—SBIHFRATEAY) A i L TR R T 2 2R S0
. JREIBAEEA T 2 S B EFR TAE.
2 TR R A R R BR T TR 25 R
MR, IEROZ MO A B RN 8 7Tt 72
()5 AL IR, FREXT TR FE 1A RO A Ak dE
ITIEAUFNE BT B REE| b 25 T F2 1 & 2
P, DUG AT PAZE R F R Re A A S5 LB A AR 25 &
() VR A R AR T v 2 T T R A 1 A A S A
A, DR R A AT MR . [RIEE, T
PL7E 40 BN 0 Y ke i 4 O T Bl
%, BN dEgaAMEIESO BERNERAR 8T
(AT INED DASOB A TR 4%, DASEI Tt 72
HEHAR Rl h M a R0 &) MRS
£, IS AL AR ek, A SR 25 b
AP R A . U i i TRl
FBAR ALY FARGAEF B R

L&k

[1] &4, WReHr, JEkE, . AREIT 5 E R TR
JEXT AR SR I [ 4, 2023, 54(8):
2427-2436.

[2]1 Be&hg, a2, By, 5. AMretin TERsR
H5EARZEIGR [ P EFZRE, 2009, 34(24):
3151-3157.

[81 MasF, Ju, ZEimbE, . P2iM g R Ak
FRAR AL S HLH o T [9]. TR R 4G, 2021, 52(7):
2144-2153.

[4] REMEM, Z2=3F EH, 5. PAM TR IUR A
RHBERARTT [J]. VLPEHPEZY, 2015, 46(2): 56-60.

[B] Z=MowE, RBEE, MR, 5. AT 2 mTE
THEH WA [J]. 52y, 2018, 49(18): 4293-4301.

[6] LiYH Qi YR, WuZF, et al. Comparative study of

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

microwave-vacuum and vacuum drying on the drying
characteristics, dissolution, physicochemical properties,
and antioxidant capacity of Scutellaria extract powder [J].
Powder Technol, 2017, 317: 430-437.

RUK, Fh3E, BT, S, 4 PRS2 TR, B
SR BB R E AL [J]. P2, 2018, 49(13):
3001-3008.

B, W, a8aR, & LRSS TRS TS5
JIERRAL [ WAk, 2019, 28(1): 72-79.
TS, EIRIL, MR, & JET Weibull BRECAR
T AT IR TR [ AL TR Z4R, 2015,
31(5): 317-324.

TR, BRE, MEZ, F3 MRS LS R

TN F MG RIS [J]. HEZg, 2019, 50(11):
2575-2582

Xie L, Mujumdar A S, Fang X M, et al. Far-infrared
radiation heating assisted pulsed vacuum drying
(FIR-PVD) of wolfberry (Lycium barbarum L.): Effects
on drying kinetics and quality attributes [J]. Food Bioprod
Process, 2017, 102: 320-331.

FUFEN, TREKDE, SEEE, S5 EIHRAM TR
R HACE BRI T[], LY, 2023, 54(13):
4128-4136.

Taheri-Garavand A, Meda V, Naderloo L. Artificial neural
network-genetic algorithm modeling for moisture content
prediction of savory leaves drying process in different
drying conditions [J]. Eng Agric Environ Food, 2018,
11(4): 232-238.

Huddar V B, Razak A, Cuce E, et al
performance study of solar air dryers for cashew kernel: A

Thermal

comparative analysis and modelling using response
surface methodology (RSM) and artificial neural network
(ANN) [J]. Int J 2022, doi:
10.1155/2022/4598921.

RXENIE, BUREE, Boot, %, #T PSO-Elman S
ZeBET S KR TN [0]. AL TRE 4R, 2021, 37(19):
284-292.

Jkik, skid, sEEE, & L) R B TR R
BBEF [0 b DAL RHY, 2022, 43(4): 82-89.

Photoenergy,

WA TR ST [J]. R AAR, 2020, 51(S1):
501-508.

R, N, Th, & DREBEAERITO SME
BT IR R AW SR L [J]. & 55 PR
2019, 35(2): 123-128.

REWE, R, TEE, % MR FRGET R R
RAMIRR AL [J]. o DR 544, 2018, 33(1): 111-117.
ok, WA, RGN, % BFES TR RS



PER 2024448 #55% H7H  Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 7

#2215

[21]

[22]

(23]

[24]

[25]

[26]

Sy BTN iR A
115-122.

W E R, SR, DR, & RIS TR
R 1R TS ). B R EE Tk, 2018, 44(4):
89-96.

TR MG, PRES TR R I R 1 B 3575 Ik Bl R PR
7t [D]. dbxt: HhEAL K, 2018.

Bse. w0 N #ORE 20 A0 B v K B4 [D].
HPR: PHFIR%, 2019.

TEERL, B, MR, % ZBERAKNTHREERR
FEH oI PER LS sz [J]. B 25, 2020, 51(5):
1226-1232.

BV, B, MR, & T TR X 2
MR R [J]. ROl TR 4R, 2015,
31(16): 296-304.

Tarafdar A, Jothi N, Kaur B P. Mathematical and artificial
neural network modeling for vacuum drying kinetics of

[ &% 5 k8T, 2017, 43(8):

Moringa olifera leaves followed by determination of
energy consumption and mass transfer parameters [J]. J
Appl Res Med Aromat Plants, 2021, 24: 100306.

[27]

(28]

[29]

[30]

(31]

[32]

[33]

(34]

KYUBH, FET7BK, B, %5, T BP AR T

Hh-TE B IR S EETE AR K I L [0 B RS, 2022,

43(11): 9-18.

FIRC, JAAE L, S@sR, 5. B B kA T4

PSR ETW [J]. &k TRE 2R, 2017, 33(17):

290-297.

Sridhar D V, Bartlett E B, Seagrave R C. An information

theoretic approach for combining neural network process

models [J]. Neural Netw, 1999, 12(6): 915-926.

BH, R, R, F BT T E IR LT

TR ], {XEHER SR, 2011, 32(8): 1742-1750.

TH, MR, mEG, % BIE A BB A

BT IR BBl 1R[] AR RO AR

2017, 32(10): 1118-1123.

BT R O L T AR S R T MR R A TR T

MIBEFL [D]. #EM: FEECRAMRCR, 2011

TRARTh. B HRAE R B A TR N T ZE LB AT

[D]. &M BRI K, 2015.

XFIR, TR, LT, 4. AV B SO TR

RN FIERAY [ B2, 2012, 26(3): 494-499
[riEsmis  FRALRE]



