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DC-013D FTEIHL, HIdbthf) =4 A= ; JEREMNL, G
%k AF-P NIKKOR, Hi3kAEFE 18~55 mm, JtEVEH
1: 3.5~5.6; BGZ-240 SN TIEAE, iR sl AR
AT S-507 BT EME, HAHMAH.

1.3 REHZE
1.3.1 JRE R R LMK

FIF solidworks 2016 3R AF 11 RS 2R R) (B 1),
IRHE R~ A 16.6 mm*6.61 mmx6.61 mmPY, 9 N 1
PR 1 mm FIESTE, BREDZGDIE SE .

a. RIS MK
a. Structure diagram of
capsule scaffold

b. JRFE AR BT
b. Vertical section of the
capsule scaffold

A1 PLAKRE X RLEMEAR

c. MRHES AR
c. Transversal section of
the capsule scaffold

Fig.1 Model diagram of PLA capsule scaffold structure
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Table 1 Factors and levels of experiment
KF e HEsiL e
Level Printing temperatureX;/'C Nozzle diameter Printing sp_eled
Xo/mm Xs/(mm-s™)
-1 170 0.2 20
0 180 0.3 30
1 190 0.4 40

F2 FTENIRPIBEESE

Table 2 Fixed parameters during printing

WRSH HifE WRSH Kl
Constant parameter Value Constant parameter Value
JZ Hi/mm 0.1 6] 3B S /(mm-s™) 120
LA FTENSLFLARR 2 5 [l 4 2 /mm 10

T 2 /mm 0.4 WIH 2 B /mm 0.1
FHFEE% 100 WG ZLE 55 /% 100
PRI/ C 60 J&)Z VIER/mm 0
PLA £ B 4%/mm 1.75 PRFHES/mm 015

P&/ % 100 - -

MSE (WLAZK (1) ) 52 MBSl 5 SLhrfE 2 7 2
SREBEM R, RERMESERAT ENRCR 5 B AUR 2
VP22 5, BRI T PLA JRZE SCAAT ENRIUR DA S%iE
B A MSE E LI BAR R o

MSE =— 3" (3,-3,) x100% (D
2

Xy, MEE SR G , m’s P, JiliE mm
A (BB » mm? m NFEAREE. 7B 1 mm?
MSE PLH7r U A R IR .
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Table 3 Experimental design results

NN FTEMLBE FIESKALAE  FTEEE YR

1ﬁ3ﬂ$ 5] L. ..

Test No. Printing .Nozzle Printing Mean-square

temperature x; diameter x, speed x3 error/%

1 0 -1 1 11.2740.13
2 -1 -1 0 28.19+0.23
3 -1 1 0 9.82+0.16
4 0 -1 -1 24.78+0.13
5 0 1 1 19.78+0.18
6 0 0 0 2.99+0.17
7 1 -1 0 16.53+0.21
8 0 0 0 0.99+0.10
9 0 0 0 1.29+0.11
10 1 0 1 6.43+0.12
11 -1 0 1 4.2840.15
12 1 0 -1 8.05+0.10
13 1 1 0 8.17+0.14
14 -1 0 -1 0.92+0.09
15 0 1 -1 14.96+0.26
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a. Nozzle diameter and printing speed

20 170
X .
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b. FTENHEEFIST EQIELE

b. Printing speed and printing temperature

B T XIAE, ¥ 5, FHOMERENLA T 105 BOE KR
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B RN A A B, TN, IR 5. #h
17 N 8 AR O F A b B 15 B0 & v RO S5
£ R*ME N 0.998, IHiFEE R*MH N 0.995.
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FIH IMP14.0 A iz 5 =gt i, 45

WE 2 fise. IWE 2 iTRUEH (Bl 2a) , HFTENREER
180 ‘CHY, B+ EISLFLAARIIE K, MSE Jeik ok
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HK, MSE AR, REEEHAIRZESKT 10%.
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VEALIREE (T, —fh 145~186 ‘CZ i8], AT REFEM
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0
= == - ——o4
190 190 TS~ 3

180 e eS80 oA
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c. FTEMR AT En Sk FLAR

c. Printing temperature and nozzle diameter

TE: a: FTENRJEEER 180 Cs b 4TEISLFLAEREN 03 mm; c: THIEEEE A 30 mms.

Note: a: printing temperature is fixed to 180 °C; b: printing nozzle diameter is fixed to 0.3 mmy; ¢: printing speed is fixed to 30 mm-s™.
B2 ATPPIRA. ATEPRALER. ATEPIR AT O ik £ MSE 89 %0h

Fig.2 Effects of printing temperature, print nozzle diameter and printing speed on mean-square error
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b. The second optimization condition

MSE/%
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FTENEE FTENL AL FTEMEE
Printing Nozzle diameter Printing speed
temperature X;/C Xo/mm Xs/(mm-s™)

c. AbaRAE3

c. The third optimization condition
B3 Av2 WA %) E [
Fig.3 Prediction plot of artificial neural network

x4 MEREEBENRESRIEER LR
Tabel 4 Comparison of predicted values and experimental values
of artificial neural network

4T EI 24 Printing parameter MSE/%
; TTEIT% . HAR 2
EJ F| g o . R
temperatureX;/ Nozzle € Predictive Experimental error/%
dlameter 4y value value
c X3/(mm-s™)
Xo/m
180 0.3 25 2.12 2.1140.05 0.47
175 0.3 30 1.64 1.65+0.06 0.61
180 0.2 35 16.69 16.76+0.07 0.42
185 0.4 30 9.92 9.91+0.03 0.10
176 0.3 25 1.10 1.09+0.05 0.91

2.4 BREZEMMEH RIEFRITEIFR

PLA eSO S5 K4 S SEBRFTENE LI 4. K& 5
Fizs, 41 FTENSA ) MSE i& B /ME 1%, AT
ENSHH . SERRAT IR B S R SRR TR 5 R |
ZRARK, WNE 4 1a, 2a. 3aBATLLES, 41, 43
FEIES), H 3 FRRERERIEIE A 41 Rl
PRI B % (B 5) ; K44 23TEEMETN, RELEN
EAEEWT R A A A ERE SN . WE 4 F 1by 2by 3b
EIp el LAE R, 41 MNERERIS), FTEEZ kL&
;E; A2 MINESERA, TTEEZED S, KiaA
A XATREA IR — R ATE L FLAAEN, PLA
TEFTEN T FE R A 200 4, T Bk FLAR ELAR /N X R IR
FEHZ , AHAINAGER AN, 122 R
A RE s R, SEETEE Z M08 24T

EEERAR, TiEFe /il PLA, WifERm IR N &5
HEZ MR E T, BSZEZIE RS, K4
H2b B S 2 2 IR IR 2R, AT REAE R R BT
I PLA RiEEd R, EDFTERIREEA R LAFR /v flfl PLA, ff
FTENE R 244 A1 22 FH . Abeykoonde 255 wIF 5t 45 B
BRI, W E T R B AR AT D N it s, PLA
FEARIORG FE 22 BRA, AT 2 520 3T BN 7= (1) RS A
PEFIRT 75 I E0ESFR) s [, A0S e AT BN TR &=
HATEN R IH%, PLA RIRRIA L% R A EiL (KR
BITDLRTEFTEISR D), ISR AR R AR . 43T ENIR
T B3 I e 25 5 0T DAk AT ER =M iodle 4, 2R %€
PR R CRURS MRS, PLA WRESEH, B
AR AECRFFST BN =B RSP RaE M. 3 (4, B 5)
[FEAE I 22 I 5, AT B2 KR 0.4 mm 4T Bk FLAREE K,
PLA 7E 180 ‘C2&fF FHF s rmhAt, JantERR, ekl
oL, FATENEFE A 26 [REAS K 5 A Valerga Z6°°)
WA H 1 (T B BE R 772 o i Jo 2 7 AR A7 T R

i S& 3w

Transversal section of
the capsule scaffold

TR S AR AR THT
Vertical section of the
capsule scaffold

TR B S BRI 5%
Top observation view of
the capsule holder

T BUF 1203 MR A GRS
FTEDHRE 25 mmes™ CARALSTERSRAE) + 41 2: 4TEDRE 170 C. TENLALE
0.2 mm. FTEMEE 30 mm-s™s 40 3: FTENELEE 180 C. TEILILIE 0.4 mm.
FTEMHE 20 mm-s™' .

Note: The numbers 1, 2, and 3 are the observation group numbers. Group 1:
Printing temperature 176 ‘C, nozzle diameter 0.3 mm, printing speed 25 mm-s”
(optimal printing parameters); Group 2: Printing temperature 170 C, nozzle
diameter 0.2 mm, printing speed 30 mm's™; Group 3: Printing temperature
180 °C, nozzle diameter 0.4 mm, printing speed 20 mm-s™.

B4 PLA I LR SEM KA (5K 504%)
Fig.4 SEM observation of PLA capsule scaffold ( x 50 times )

lc 2¢ 3¢
Top observation view of m ‘H 3
the capsule holder

TE: 41 1: FTENRJE 176 T #TEISKILAR 0.3 mm, FTENE/E 25 mm-s™" (fi
WATERZA) 5 2 2: FTERIREE 170 C. #TERLFLAE 0.2 mm. TR
30mmes™s 4 3: FTENRJE 180 C. TEISLALAE 0.4 mm. T EIIESE 20 mmes™.
Note: Group 1: Printing temperature 176 ‘C, nozzle diameter 0.3 mm, printing
speed 25 mm-s” (optimal printing parameters); Group 2: Printing temperature
170 °C, nozzle diameter 0.2 mm, printing speed 30 mm-s™; Group 3: Printing
temperature 180 °C, nozzle diameter 0.4 mm, printing speed 20 mm-s™.

B 5 SEM ML K F4THP B
Fig.5 Actual printing photographs of the SEM observation group

FEAWETEH, 180 CHY, {TEIRZEZE2F AR S
JEZ AR S (B4 (3b) ) . ATREZFEIATE 180 C
ITENRE T, FTHELUSBRA 2 S BRI, EFTEIRL
R ERIGEIEBA 1 mm FIE RN, R

U 1: 3T EmmF-Fns C. TJ EDJJLéozmm

TR HE S B TR
Transversal section of
the capsule scaffold

i s SN ]
Vertical section of the
capsule scaffold
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Optimization of 3D printing technology of nutraceuticals capsule scaffold
using neural network

Chen Hongzhu'?, Zhang Liang?, Yao Jia®, Hu Xiaojia?, Liu Qiannan?, Liu Wei?, Sun Qinxiu', Hu Honghai?,
Liu Shucheng**

(1. College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory of Aquatic Product
Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological Products, Guangdong Provincial Engineering
Technology Research Center of Seafood, Key Laboratory of Advanced Processing of Aquatic Product of Guangdong Higher Education
Institution, Zhanjiang 524088, China; 2. Key Laboratory of Agro-products Processing, Ministry of Agriculture and Rural Affairs, Institute of
Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 3. School of Biomedicine, Beijing City
University, Beijing 100083, China)

Abstract: Nutraceuticals are herbal and food products with high nutritional values, which are commonly used to treat or
prevent diseases. In personalized nutrition, there is an inter-individual response to nutraceuticals intervention, due to the fact
that a sub population can benefit more than others. The traditional production of dietary supplements or functional food has
very limited flexibility of fabrication to achieve personalized customization with nutrients or functional factors. The oral
dosage forms can inevitably lead to insufficient or excessive intake. A type of 3D printing technology, fused deposition
modeling (FDM) has been selected to create complex and accurate shapes using food-derived thermoplastic materials.
Particularly, polylactic acid (PLA) has been successfully used to produce the scaffold of oral capsule. In this study, a 9-channel
PLA capsule scaffold structure and Box-Behnken design were used to explore the effects of printing temperature, nozzle diameter,
and printing speed on the FDM 3D printing accuracy. Meanwhile, the printing channel area error (MSE) was used as the response
index during the optimization. A 3 x 4 x 1 three-layer neural network (NN) model was established. The coefficients of
determination (R”) were above 0.998, indicating an excellent fitness between the actual and predicted MSE in the NN model. The
nozzle diameter was the most influential factor. The MSE remained almost unchanged with the increase of printing temperature
and speed at the nozzle diameter of 0.3 mm, where the MSE of the capsule channel area was less than 10%. In terms of energy
consumption and efficiency, a low level of MSE was obtained with a lower temperature and faster speed. No significant
difference was observed between the prediction values of the NN model and the experimental ones. The results indicated that the
NN model can be used to predict the process of FDM 3D printing. An optimal combination of parameters was achieved, where
the nozzle diameter was 0.3 mm, and the printing speed ranged from 25 mm/s to 30 mm/s, while the printing temperature ranged
from 173 ‘C to 180 ‘C and the MSE ranged between 1%-2%. In this case, the printing accuracy of the capsule scaffold structure
was better with the lower energy consumption and higher printing efficiency. A scanning electron microscope was used to
characterize the internal microstructure and monitor the wiredrawing phenomena of the capsule scaffold. There was an uniform
microstructure of the internal channel. The bonding between printing layers was compact when the printing temperature was fixed
at 176 C with the nozzle diameter of 0.3 mm and printing speed of 25 mm/s. An obvious wiredrawing was observed in the
capsule scaffold during the high printing temperature or large nozzle diameter. The contraction of PLA was greater as the increase
in the slice layers at the small diameter of the nozzle, leading to the loose internal structure and the poor adhesion between the
printed layers. The optimized parameters were obtained in the NN model to print the delicate internal microstructure of the
capsule scaffold. These findings can provide a theoretical basis for the personalized production of nutraceuticals, thereby
realizing the customization and controlled release of minerals, vitamins, or functional factors.

Keywords: artificial neural networks; process optimization; 3D printing; fused deposition modeling; capsule scaffold
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