236

FOOD & MACHINERY FAEEH BE 284 | 20255F 6 A | ARSHIM

DOI:10.13652/j.spjx.1003.5788.2024.80864

SDFTENHARERERYMI N AP RHARER

TEE 4K R B I REHK
CER N IR 27 B 2B i B 422 B, Tl me AP 450044)

WE ZRTPHARBLIHFHEFBEHG AN ERLSE N IHA  AABELEF T AMA BRYBERSE. £
PAX AR Fa b AR IR P, AR M S 09 R R T4 KR AR AR AR RN 6 R4, X RALTT VA R gk R R )AL AR AR AN 3R
o AR, E DI HARAR X LY RESERAARRERABRA NN EZTE, LFENIDRERITHEETF
Aoy &Rk BRTHRG A E B A TIDAPRRELAREERNTH P e T 2RIk, ALK T B K E
3D R ST Tk, PR E T X R R R A 3D R K AT b AT @ 1 49 kIR fe BLiG

EER 3D AT RAE R B PR e LB

Research progress of 3D printing technology in health food processing

WANG Guoxia LI Chunge WU Si LI Mengdan SONG Zongyu

(School of Life Sciences, Zhengzhou Normal University, Zhengzhou, Henan 450044, China)

Abstract: As a new food processing technology controlled by digitization, three-dimensional printing technology is featured with diverse
shapes, material saving, and balanced nutrition. In modern food processing, more and more consumers have begun to pay attention to
healthy food, which can not only alleviate the food shortage but also supplement certain nutrition. Therefore, the combination of 3D printing
technology and these substances will become an important direction for the future development of modern food. Based on the discussion
over equipment types commonly used in the process of 3D food printing, the current situation of the processing and application of 3D
printing technology in health food is summarized. Approaches to improve the characteristics of 3D printed food are analyzed and compared,
and the challenges and opportunities for these foods in 3D food printing in the future are predicted.
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Figure 1 Fused deposition modelling printing technology
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Figure 2 Selective laser sintering printing technology
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Figure 3 Binder jetting technology
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Table 1  Application of 3D printing technology in health food
Y B ER BR A IR RE % B0 E R B R R P 4T B fE [24]
LY R POREF e AL R 1L A 3D FT B AR 7 14 2T 2 3R AN OK 2T 4k AR T R e AR I-IEER NS [25]
nﬁﬁﬁiﬂﬁ*ﬁﬁéé*’}%ﬁi B 35 BOHT B AT K 6 d
INE R R TR MG oK mw:m,ﬁ:mmmrm;,,;,&%)%y57.5:30.0:3.0:2.5H¢,$TED‘§§:EEZLLJ\Dfﬂ%ﬁ'ﬁ&,ﬁﬁ [26]
P22 RIR A 3D AT BN dh
AN E Ry BT SR TN TR 4 A R D R AR T /N E R SR Y [27]
Frgt JER 3D IT BN AT A 0T — B B i 7 i A AR FE L AT DL R R 2O HlGI A (28]
RS 1
S ST S5 BRI A4 e S5 T S A58 A [29]
MY NER XA JH/NZ2 0 VR B 000 i, AT k3 HL A T EPE fig [30]
TER P FHUE B A AN 500 T A 24 1A 92 SRS I A9 3D ST ER , JF BB 2 )™ il i 28 615 [31]
ThES BUER B ORVER AR EUE 6% SR VE M REAT AU R BE A BB RE , A IS /3 3D 4T EN [32]
i SCURTE R | 1T 5
31T NIERTHIN G INcEY 4% (1 ¢ i1l B B A 70 58 5 B B A 1Y 3D AT B I R PE 5 4% B9 R A E A S AR [33]
B BEEA AR eI SR S RELR L S iR J&, LT AT B A A R R [34]
EAE
WA LR 3D A=W T VLR T A2 C K SR I RE S AN [ ARl ) e s R 4 35 3 A A I PR [35]
FLRR W KBRS B B A R BE )Y SE 4 L 4D FTEDBE ISR R AL WA R K R A KZE [36]
i 2 il




F&M | Vol.41, No.6

L i IR TR . KRR SR R A
R IBE AT RAAT RO 9 A O i AR R . B
AR L B 4 22 B R OB R ST TR TR] B okl SR
X B Fz 4 32 B 3D T R R Ak SR B4 5 ), Y e SRR
TR 15% B, RS RCR B A, I 45 25 W 0o B % . B
Y —Fh 25 (R IR AR Y, & 5 20 2 W 06 M) A
2L EHT R T Tl b o B R LA R N
FTEPEURL 5% T 8 G5 3 A o) S SR MR 5 e e 3D 41 B
FEMEM AT AT M . S5 SR R R BOE A T LU S R R
VB A 8 i (0 LM B, A R T 3D T ER B AL G 1 S 4
figo BLAh, FI ISR T 03 88 B 1 A B SRS Ry BE A, BB AE
TR AR I B BOILAT R M i £ 5B B 2R SUFL IR R
B, IR AORE BE VR N BN FE AR G B b, B A 4T A — 1
P 0 A g 0 IR, S P T 4L A — I R S N G
GBS (L AR KUK B 4D AT ER . Guo 4577 LSt fin 4
A S S0, B e — g 7 A1 S 52 6 0 R R R 4 A R —
Wiy 8 B4 AL, SR T A # ARk 3D 4T B 3 2 T ] 2 A
FRBMMT AT 25 b 8 R F R 2 m
WEAEE W) R 5 3D FTEN L R &5 &, ALY 56 T 7= hh A2k
W R F 5 B % . 3D AT BN AR BAR X JFURHRE MR 2R 38
e, AL TSR I R S PR A, A AN U R R b L 8% 3D
FIED B AR 5 0 BE 5 AR 04T 45 6, BE 0% 22 8 7T 000 19
ERd R RN S = R A (A = S AT BT = K
X B AS AR 85 0 AR AR T SR F AR R G T 4R
e R R R
22 3DFTHEAREHYWRFRERYWHHILA

RSB AR R 22 02 1 sl Al B i ) 5 L
X L6 I EAS PR T A E — SR BRR A0 1A R
JIO e i AL JUE 3G , T T 9 3 %)t BRI 0 R L, 4
L 55 5 PR R P R B e A7 B O 1L AR Sl — Fl ]
DL Tt et 8 S A R, RS LR RT BB 23 i R R
B JTORURR 07 9 FE R UR 1T 3D £ R T BN B R S —Fh T
DA TR £ A 2R FLIAY O v o Kim R0 40 B8 A A1 3
AT VA I — J22 5 % SV, R AT B AL 5 R AR AL Y
BEF 0 BE A5 B8 T . Wang S51 KL B T 4 B AR (R0 g
1y A W A A I Sk IR L B2 3D 4T B A 80
1 8 5t A3 YAl 5 o Cheng-Rong 4538 o X B 0 i &
MR AT AL AL &, BT 3D 4T B T & 7 TR IR
Me B H A N FHE. Ben-Arye LK G E N 3D X
0 KT AH A B A A T A LA B T R
JERFI B M T A L AR R — RO 0 £ R R
SR, AT TF R 2 FhiE G 2 4 B Y 3D T B A
BN 3D ATER A 7E sh W K (R B P Y B 5t 2 4
TR RS R T TR G E N A R I
EHMREB D . 3D AT ENE AR A I Y wi s ¥ 28
TRABE B W 0 1 22 m) JL, g N2 S AL T R 2 1 P 28R R
B2 Bl W) 25 DR A8 1 W) 3D T BN HE R 1 & SR AT AL + 40 5 5

ITERE IDITHNERERBEEMMIEBPHRRER

RO B A 5 T B IR AT 3 W i WL 4L 2254, L)
FENH A ET AL JREME RN AER”
PR
23 3DITHHARGEMEVEFEERYFHNMA

T AR BAE S — B ML (e R TR MR A B
VAT R TE T AR 3R AR A K SR B 4 BE O A 2 R A
o BTT,3DFT B4 A i UL iy 5 A WA AR Y FLFT 1 3
Yy LB AT B LR B . Zhang 5595 BF 5% T A 4 FLAT 1 7E
BEF/INEZ () 3D T B G5 AL Th Y A7 16 %, & B 3D 4T ENAT B
TS A OW 2 ) B 2 A TR A T AR X R
R TR EN A 7= S 2 R 28 A B A AP IR T — N F
FIRY R EE . 3D T BRI i v i — 2625 1 S R0t 45 B2 i 25 2
BRI A T, QS I A R AT BN B 4 o Liu SR X A A
Y LA A - SUR BEAT FTER I, e B 0N B S 1
# (0.6 mm) 0] fiff 35 4 B 3% S M 9.93 1g (CFU/g) [ &
9.74 1g(CFU/g) . Tripathi %" WF 58 2 1A , 78 3D 47 B i &
e, AT B TR T 45 CCH, 35 4 T A AR A7 3R 5 FT B IR
SR G, 0 T2 B A A R R 4 X 25 2R TR 4
TR, DA I R R T BE G MR A AERE T . R A
— K A A P R R R A R I S, O R R R S
PR LA AT 95 0 SRR R A AR o 3 A B T AP 35 A T
1 2 AN R IR B 55 0 0 5% i, A2 32 Rl BRI B b 5 B TE I
PRI ] Rosas-Val 25 JF & T — Ff 3t F 3D 4T BN $
AR B B b 25 A TR G 7, RO a1 R % LA AR AE K
o v ok 26 AR S R RO 9 BT, DA 3 80 M 00 2B A O
£ 1, 3D AT ENE AR 7 A W S (R dt e 4 rp 0 FH B R
By 2 25 A TR B A 2 R LA A i A A B
T EFAR NI R AR RE 7 SR AT B R R 3
Fio AHAE I LB 7= i B v BT R 9T A B PR O
PEAR I 20, DA B3 A 0 25 A el £ 0 A8 D JRURE 29031 2
TPk, B 0SB 4R 0T B BAT BE AT A 2 N R T L
AW Ty BeAN  HE T S s, AT DL S B 4 A LA
D4R P TR IR MR R
3 MCEDRBE AW 3D TR SRR PER) Ji i

FURG, K 280 3 1 248 b1 X fil £ 4 J50 ) A i
J7 (B 5E , A5 2 D5k A B B 55 45 />, 9K T ot iR 47 3
0 4b PRSP T T ED R G . A — e K AR e T A
B H A G RTS8 OJ00k 1 3D 3T BN R i pif
FH AR 5 — s Ab S RS B LA E Ak RE . B
U,k T 3RS BEARAY 3D FT BRI AR 7 X AT — % 1 Ak
B, FTL R ARt A B RS I 3R Bl
W b s
3.1 EME

PR R PR R AR 2 Ok SR T
BOR PR YR S5 M A WA IR DT B8 % s
AERFIE . B A 90 50 2 T A BRI e T e

239



240

% 3t B ADVANCES

AL P (heat moisture treatment, HMT) |+ # 4k # (dry
heat treatment, DHT) . £5 & I fk 4% AR F1 2% 1 45 J& F #40m
T &b B, K b HL, 3 (pulsed electric fields, PEF) | 5 45 A,
% (radio frequency electromagnetic wave, RF) |36 Ab #1
FAEE T A S T AR i T AR B B i et A ol
I — RISk PR A AR A A T
v SRR A I et R AR i T 18 Y S B0k 52
TE W 1 M 1k i AN AR A M U T RE 6% 5 o L 45 6 R
F) e AR PE 5 5 I Ak H AR J2 3 Ao 5% H IR JBE MR AT A S R
PrRE K 53 X8 JEURE 77 Az 5 ) 1 B A 3R T A Ak B A X
TET KO T i (AN ], T A4 30 X PR 858 T i e, 5 2y K %
Ui, OB T I 385 45 0 3D FTER ™ S B A R AR A
B Liu %058 & 30, 28 28 AR R B K DB &t L
9: 100K A , 23 3 AT ot ik T 4 O 4 5 T v 1 JROK 1T 1 3D
FTER ™ fh . Maniglia 25578 130 °CF xF /N2 3 b g 4T T
AL F 4 b, R /N VE R (0 UKL AR R 45 T R L Gt
A3 (1 A9 B S AR R L oA A B 1 A B M AR R 1YY A 1 R
BEAR &5 48 5 BE 3 RO BT R AR ) 0, A6 #E 4T 3D AT B R R
2% I T3 W B R AR L A ET R B R AT A AR
FEME S kb g b A 25 6 3D T ERRICR A s, T AR
Sy — B R B T Ab R R X JE R 9 2l B AU 1R
FHE L BEAh  Ma %5551 FH S 00 F i O 2 AR A B T 4% S
M, T A B E R 1 LR R o DA N RO Ak TR
JE 5 WAV e P A 5 1 e ) 5 S R B R, DA s T
3D FT AR S 0 e e AR L R JRURLFE R AT 2
BCHE SR 0 AR BB A i B R A HC 3D AT B 2
AT AP IEAS
32 HEHE

A 2 B 0 D SR S T AR B R R AT A
VE R AR A PR VE N o BT 0 Ak S Ok T i A TR A O
ik T e PE R PR R KRR AT TR Ak O 2K TE B
TR R R R A 5 R AR R & A R AR SR T B R AR
A A AL 28 T A6 700 R JC AL IR 28 1 A0 70 5 42 ok Ak 52 4
B 7O A 5 ) B Tk AL A SR 1) 1 R A R R
A P SR 3 S R R R B S A R S | T L T —
AR HE L BRI Sy — iR B 0 fh S i B
A, BB B IR 5% U R S VSR A B A, B
AR BE A% R 3 B 0 A SRR, TR AR SR R R R A A
o), R A7 B0 AT M B . Qiu U & B, Y
ST Y BON 11% 34 2 19% i, 5 4040 31 Y £ K 3
MPAE 3D AT B3 i o Jre 30 Ll 0 i K AR PR B L R AR JB H 4
B 13% A TR VE A BT E 3D FTENAY i 2 4. Maniglia
SEUNBE AT K B, BRI Rk B O 43 mg/L Ak BRI E] O
30 min B, 3D FT B4 A S GE A LA B8 1 F e M R EN Rl
PEBE o AN TR VE A JRURHIT Y ERE VE M i AN R LR
(), - 3o AN [) £ R 4V B A () g SR 4 I i) ) £ 1D
JEORHREVE 0 52 0 7 1 — D E Y R AR U, 2 A A 3

B 284 | 20254 6 A | BR&BSHM

S5 B JEORMTE BEAT 3D T BRI, 34 3 I s A AT A AT B A
33 HEWmiE

A P R R A T ORI I B B R AR 3D T E
TR EE R AN, A AT T A A R B AR Ok ik
FTE R AT ENPEBE . Raja 2058 a3 95 & B, /N KR A IR
5 Wi PR 2 TR R K TR 5 TED KT 199 BT U0 R Fb R 1 L oK
U It 20% B, 3D AT B 7™ b B R M B 5w 4F . Papk
SO0V Ao TOWH 5 R T A THK R TE R & B, I % i b
B[R] A4 B0 B K A3 A0 B0, VE R 0 R A 3k T AR
HEAT 3D AT BN 52 m FLFTED M fig o b Ab , He 22 T W 7R 41
A 1 (2~ T2 53 T R S =X 380 20 W 16 ) Ak U Ol 6 00 A i 2
3DFTERTE K MERE . HFT, A5 SCE W 78 3D 4T B 4
GRS 2R TR B AR Y et E b
12 T T R 0 2 5 AR A IR IR R A R R I
Fext 3D AT ER A ™= A s, R, S5 2 W] 2 BT HAE 3D &
it T R R
3.4 RIMFIKE

552 O ) B R AR P A L S R el
4 5 3 T 2 B R O T B 32 R AR ) 3 B A4
E2 AN AR I

VB Ry A & M o 22— 19 2 0 e 6% 028 VE A 1 T
LR, B 225 00 47 16 30 BB 02 18 I V€ # 19 f BE B i , 08
A B MR BE T S0 R A 90 2 45 A 7 £ B 5, b
AT DL F5 T ED P2 0 AT IR . Chen SE1BF 55 35 H , £ B ]
D £l B0 R 00 B R (R S A e . M D
J 4 ) BRI A ORE Y R /N A [ B 2R T TR R
IR Ay BE A 8 M BT, 6T b I 9 AR A A PR M A
BRI S A — S . R W 0T T B A
S e AN A 7l I e D 7 el Tl R 2 2 -
BEE L KRR T T R 45 T LA 3 T R 45 R R T R Y
it APk, X 3D AT B B R R A — S, 2
b B PUE A TR R i s R T A 9R A
IGE , 0 58X V2 A3 Wil A AU AT BN 7 R s, © k) vz ]
T 3D FTEIE A 4Rk
4 PhikS

BT, 3D B AT ERH AR b T & Ry B, A AR B
B FF R I 7 i B 22 R A T B A AT 2 B LR T
M b o R A A T TE AT T R R Pk R . e IR
T £ i A B 10 Pk R R DG e ) A B TT DL B
Gt 2 75 T R IG5 Hh B A, Y i H T 3D 4T B Y £
e A SRR A IS AE X S R AR FT B Y [ T i
A 55 A B 28 ), B VI T R R 2 0E L T
3D FTER A OR Mg AP 2 o LR, R £ Y 0T o RN T ER
SR — — XA T SRS Y 3D T B4 R Bk
Xt T BN 2 B AT R R QIR TR BT O
WEE A L AN, A R — A AR T RE T I R AT 4T



F&M | Vol.41, No.6

L 04 Z2 AR 0 SRS 45 W) R OB (2 0 TE R AR &
BEICEAT 3D AT ED iz A b T BB 2 v b 2 Bl b RE AL 27
PIBITI A 3K S8 B0 R4 S 0 T RE 23 51 2T 2 0 B A
4 Te A e 7 1 0 S8 75, IR, 7R A AR AT ED L B h R 51 A
AT g Al 2 5% BR W s SR B A ), DRI o 80 TR ik 22
PR A PR BT . PR, B TR R PR R
sty 1 ) BR A ANET B0 B A 5 s 0 A T 9 S, 3D T E
7 B A I 2 O T AR LA, A I 2 5 AR B8 Y
JRUIR 7 1 22 S, 30k 6 B Al 22 5% WA T 9% 5 %F 3D T BN &L
Y AT 52 52 2, PRI, 0 i e Jox 48 22 S 24 il S i 25 T I )
[ — o i, MR A 38 1 i, A £ i Y A AT
PR 221 £ 3D FT BN LR £ 1Y 2 R, 1 A B s i 3
Lolb i 3D T BT B A, DN LB A AR B, T vk AT R AL
B A7

B PAAL BRI AREYREHEL , A
(B0 245 1 D 28006 24550 7 T 400 B s ofe e 22 3 g
2R R ATk v, D T A A R R O St T
J1 3 T I R R Ok TOBTRIALIE . 3D
ity T BB RS ELAS Al o L R 3 Rk (8 A ) 4
HLH, BE S A B B BT 2 48 (IR S . DT R R R
at A 3D FTENEAR BEAT 45, B 2 o8 1 e B 19 A 7
TH B, I T JT S T 2 10 EL A R 2 T RE O T 8L f
R Ao B SR BN k25, 3D £ dh 4T BV EOAR L6 A
B B I TR S A IR B T AR .
G, ZEX 3D AT BN BE A AT TH S , 7 PR IR 3D AT B
oty H EE A [ I, 45 5 3D FT B A0 B ok AR I K AR
Ao W, ALE A E A R R ECE SF IR SR
X 3D FTENE T2 8 o 34 , RRFEMAEL &
FHF 3D B A AT EDEA B R4 6 i JEORE i o T R R
sty Y R U LR 7 R A UL L IR R B Ml L R 98 R 2 AR Y
ZIon S R RE ik — A S H 2B A LR
P e BJR A O 3D FTED R A8 £ Al 1 PE A b o AT 1 AT
TE o AR T EEAR S M F T 5 TR B B 2 A bR R
i i85 3D I B AR A £ S 75 AR A FT A2

Zi b PR R R T 42 3D T ENE R B 4 &8
UF AR A 3D FT BN PR £ ah 22 42 A5 5 AR #E— 2 Y R,
AR AER R, 3D B Al FT BN AR A B0 N TT R — 25 ad 11
3D Rl Y 707 18 B, O NS R A R TR R 5
R 4

S 2% 3Lk
[1] BERIEF, W /NAL, DR SR, A5 TG 2 £ W) YR AR A b 28 4 A LR
FHBLAR S e B[], v [ 4l Al 2022(1): 32-38.
LI'Y J, SHANG X H, LONG Z Y, et al. Species distribution,
utilization status and prospects of medicinal and edible plants in
Guangxi[J]. China Tropical Agriculture, 2022(1): 32-38.
[2] & o, ) FRAE, Eh R, A% 3R 24 & T A Ll R T R

ITERE IDITHNERERBEEMMIEBPHRRER

B0 E TR, 2022, 24(6): 81-87.

HUANG L Q, HE C N, MA P, et al. Strategic thinking on the
development of food-medicine industry[J]. Strategic Study of
CAE, 2022, 24(6): 81-87.

[3]MANOJ A, PANDA R C. Biodegradable filament for 3D
printing process: a review[J]. Engineered Science, 2022, 18:
11-19.

[4] NAVAF M, SUNOOIJ K V, AALIYA B, et al. 4D printing: a new
approach for food printing; effect of various stimuli on 4D
printed food properties. A comprehensive review[J]. Applied
Food Research, 2022, 2(2): 100150.

[S]MATAS A, IGUAL M, GARCIA-SEGOVIA P, et al
Application of 3D printing in the design of functional gluten-
free dough[J]. Foods, 2022, 11(11): 1 555.

[6] sk, BRI, 7525, 4 AL B i £ 58 {4 & 3D T BN fE
D 58 TR PR 52 e [ BT S HLBE, 2024, 40(4): 1-6, 46.
ZHANG Z C, CHEN X, WANG S Y, et al. Effect of sodium
chloride on 3D printing performance and gel properties of silver
carp surimi system[J]. Food & Machinery, 2024, 40(4): 1-6, 46.

[7] XING X B, CHITRAKAR B, HATI S, et al. Development of
black fungus-based 3D printed foods as dysphagia diet: effect of
gums incorporation[J]. Food Hydrocolloids, 2022, 123: 107173.

[81YOU S Q, HUANG Q R, LU X X. Development of fat-reduced
3D printed chocolate by substituting cocoa butter with water-in-
oil emulsions[J]. Food Hydrocolloids, 2023, 135: 108114.

[91 BURKE-SHYNE S, GALLEGOS D, WILLIAMS T. 3D food
printing: nutrition opportunities and challenges[J]. British Food
Journal, 2020, 123(2): 649-663.

[10] HAMILTON A N, MIRMAHDI R S, UBEYITOGULLARI A,
et al. From bytes to bites: advancing the food industry with
three-dimensional food printing[J]. Comprehensive Reviews in
Food Science and Food Safety, 2024, 23(1): e13293.

[T1JRAJA V, NIMBKAR S, MOSES J A, et al. Modeling and
simulation of 3D food printing systems: scope, advances, and
challenges[J]. Foods, 2023, 12(18): 3 412.

[12] FE & TF, MR, 1 IR AY . AN [ JB M X T % 25 3 5 BE 44 KL 3D 41
EARRPE B R R[], £ il B 2 HOR 2241, 2022, 40(1): 44-52.
DONG M Y, CHEN G, YANG Q Y. Effect of different colloids
on 3D printing properties of potato starch-based materials[J].
Journal of Food Science and Technology, 2022, 40(1): 44-52.

[13] # e, i 205, SR BOIR, 46 . 2T 3D T BN AR i 4% 52 07

SRR I BF ST 0], 4 H 255, 2022, 32(2): 117-119.
XU G H,HED T, YUAN Y Y, et al. Study on preparation of
compound salvia miltiorrhiza sustained and controlled release
preparation based on 3D printing technology[J]. Pharmacy
Today, 2022, 32(2): 117-119.

[14] KARAVASILI C, GKARAGKOUNIS A, MOSCHAKIS T, et
al. Pediatric-friendly chocolate-based dosage forms for the oral
administration of both hydrophilic and lipophilic drugs
fabricated with extrusion-based 3D printing[J].
Journal of Pharmaceutical Sciences, 2020, 147: 105291.

European

241



% 3t B ADVANCES

[15] ARLLHE, TR e, BTIE . 3D T B EE AL 11 Ji B 44 o1 57 v iy
FH B 5 0 R (0], v BB AR N 2 2%, 2021, 38(16): 2 033-
2 038.
YU HY, XU G H, JIA N. Research progress of 3D printing
technology in oral solid preparations[J]. Chinese Journal of
Modern Applied Pharmacy, 2021, 38(16): 2 033-2 038.

[16] PRABHA K, GHOSH P, ABDULLAH S, et al. Recent
development, extrusion

technology[J]. Future Foods, 2021, 3: 100019.
[17]AWAD A, FINA F, GOYANES A, et al. 3D printing: Principles

challenges, and prospects of

and pharmaceutical applications of selective laser sintering[J].
International Journal of Pharmaceutics, 2020, 586: 119594,

[18] RUGGI D, LUPO M, SOFIA D, et al. Flow properties of
polymeric powders for selective laser sintering[J]. Powder
Technology, 2020, 370: 288-297.

[19] LE-BAIL A, MANIGLIA B C, LE-BAIL P. Recent advances
and future perspective in additive manufacturing of foods
based on 3D printing[J]. Current Opinion in Food Science,

2020, 35: 54-64.

[200HOLLAND S, TUCK C, FOSTER T. Selective
recrystallization of cellulose composite powders and
microstructure  creation through 3D binder jetting[J].

Carbohydrate Polymers, 2018, 200: 229-238.

[21] 2 E W, BRFBH, B8 TT, 5 H T B A% S8 by AL T 4 U Y
B 3D AT EDE R WESE 5 K R [T]. & S5 HLAR, 2024, 40(8):
181-189.

XIA G F, OU S Y, ZHOU Z Y, et al. Research and
development of food 3D printing based on potato starch and
potato puree[J]. Food & Machinery, 2024, 40(8): 181-189.

[22] RANDO P, RAMAIOLI M. Food 3D printing: effect of heat
transfer on print stability of chocolate[J]. Journal of Food
Engineering, 2021, 294: 110415.

[23] A1 Holl, 28, B, A% BT SE A JUREA 3D AT BT HOR B
HR I &5 & EE Tk, 2024, 50(12): 353-361.

SHI S 'Y, WEN J P, GENG H, et al. Application of 3D printing
technology in foods based on starch[J]. Food and Fermentation
Industries, 2024, 50(12): 353-361.

[24] V4B, Tmh, WHREE, 55 . Bk A R A BEIE CFD BUE B

5P AE 3D IT EDVE RE T (], b [l 24, 2024, 24(6):
165-176.
FENG S M, WANG J, XIE C X, et al. Prediction of CFD
numerical  simulation and personalized 3D  printing
performance of Dendrobium officinale composite gel[J].
Journal of Chinese Institute of Food Science and Technology,
2024, 24(6): 165-176.

[25] ZHOU W, WU Z G, XIE F W, et al. 3D printed nanocellulose-
based label for fruit freshness keeping and visual monitoring
[J]. Carbohydrate Polymers, 2021, 273: 118545.

[26] LIU Y W, LIANG X, SAEED A, et al. Properties of 3D printed
dough and optimization of printing parameters[J]. Innovative

Food Science & Emerging Technologies, 2019, 54: 9-18.

B 284 | 20254 6 A | BR&BSHM

[27]AZAM R S M, ZHANG M, BHANDARI B, et al. Effect of
different gums on features of 3D printed object based on
vitamin-D enriched orange concentrate[J]. Food Biophysics,
2018, 13(3): 250-262.

[281ZHU Y L, LIU Z B, ZHANG X F, et al. Microwave-triggered
4D automatic color change in 3D-printed food materials
incorporating natural pigments[J]. Foods, 2023, 12(10): 2 055.

[29]HE C, ZHANG M, DEVAHASTIN S. Investigation on
spontaneous shape change of 4D printed starch-based purees
from purple sweet induced by microwave

dehydration[J]. ACS Applied Materials & Interfaces, 2020, 12

(34): 37 896-37 905.

[30] WILSON A, ANUKIRUTHIKA T, MOSES J A, et al

potatoes as

based products:

Food and

Customized shapes for chicken meat -
feasibility study on 3D-printed
Bioprocess Technology, 2020, 13(11): 1 968-1 983.

[31]CHEN Y H, MCCLEMENTS D J, PENG X W, et al. Starch as

nuggets[J].

edible ink in 3D printing for food applications: a review[J].
Critical Reviews in Food Science and Nutrition, 2024, 64(2):
456-471.

[32]PAN Y M, SUN Q X, LIU Y, et al. The relationship between
rheological and textural properties of shrimp surimi adding
starch and 3D printability based on principal component
analysis[J]. Food Science & Nutrition, 2021, 9(6): 2 985-2 999.

[33] PAN Y, SUN Q, LIU Y, et al. Investigation on 3D printing of
shrimp surimi adding three edible oils [J]. Foods (Basel,
Switzerland), 2024, 13(3): 429.

[34] CHENG-RONG T, YUNG-KAI L. Artificial steak: a 3D
printable hydrogel composed of egg albumen, pea protein,
gellan gum, sodium alginate and rice mill by-products[J].
Future Foods, 2022, 5: 100121.

[35] X%t & . 3D 4T BN FL R 1 /K BE 1 i 4 K 1 1 4 14 0F 72 [D]. 79
B MR, 2022: 77-78.

LIU Y F. Study on preparation and application characteristics
of 3D printed lactic acid bacteria hydrogel[D]. Nanjing:
Nanjing Agricultural University, 2022: 77-78.

[361 4, 4 #%, £, 55 . FLIR W K BE% S K A I BE Tk R
F & A AD T ERRF 58 [J]. £ 5 5 R B Tk, 2025, 51(8):
143-150.
WANG Y, NIU B, WANG G N, et al. Spontaneous color
change in peach pulp gel system for 4D printing induced by

study[J]. Food and
Fermentation Industries, 2025, 51(8): 143-150.

[37] BEFF AR, R4 1 . IR R X 42 22 4 B I 3D 4T BDRR 1 14 5%
W], ME S IE, 2024, 37(11): 111-116.

HUANG Q L, WEN J P. Effect of pitaya powder on 3D

lactic acid Dbacteria fermentation

printing properties of whole wheat flour gel[J]. Cereals & Oils,
2024,37(11): 111-116.

[38] G i 7 . BCHR SR UCAE & (B 1L i T S FEAE 3D/4D 4T B o 1) i
FIBESE[D]. o8 : TR K2, 2024: 123-125.
QIU L Q. Research on the value-added processing of defective



F&M | Vol.41, No.6

rose flowers and their applications in 3D/4D printing[D].
Wuxi: Jiangnan University, 2024: 123-125.

[39]GUO C F, ZHANG M, DEVAHASTIN S. Color/aroma
changes of 3D-Printed buckwheat dough with yellow flesh
peach as triggered by microwave heating of gelatin-gum
Arabic complex coacervates[J]. Food Hydrocolloids, 2021,
112: 106358.

[40]KIM S M, KIM H W, PARK H J. Preparation and
characterization of surimi-based imitation crab meat using
coaxial extrusion three-dimensional food printing[J]. Innovative
Food Science & Emerging Technologies, 2021, 71: 102711.

[41] WANG T X, KAUR L, FURUHATA Y, et al. 3D printing of
textured soft hybrid meat analogues[J]. Foods, 2022, 11
(3): 478.

[42] CHENG-RONG T, YUNG-KAI L. Artificial steak: a 3D
printable hydrogel composed of egg albumen, pea protein,
gellan gum, sodium alginate and rice mill by-products[J].
Future Foods, 2022, 5: 100121.

[43] BEN-ARYE T, SHANDALOV Y, BEN-SHAUL S, et al.
Textured soy protein scaffolds enable the generation of three-
dimensional bovine skeletal muscle tissue for cell-based meat
[J]. Nature Food, 2020, 1: 210-220.

[44] Bk, 2297, M 3%, 5 B0 3D ITEN P i & 5 R Ry 1 5 R
FHBEFEBE S (1], £ iS5 P, 2023, 39(7): 1-5, 19.

TONG Q, JIANG Y, TONG Y, et al. Research on the
characteristics and application of food materials in food 3D
printing[J]. Food & Machinery, 2023, 39(7): 1-5, 19.

[45] ZHANG L, LOU Y M, SCHUTYSER M A 1. 3D printing of
cereal-based food structures containing probiotics[J]. Food
Structure, 2018, 18: 14-22.

[46] LIU Z B, BHANDARI B, ZHANG M. Incorporation of
probiotics (Bifidobacterium animalis subsp. Lactis) into 3D
printed mashed potatoes: effects of variables on the viability
[J]. Food Research International, 2020, 128: 108795.

[47] TRIPATHI M K, GIRI S K. Probiotic functional foods:
survival of probiotics during processing and storage[J]. Journal
of Functional Foods, 2014, 9: 225-241.

[48] CENTURION F, MERHEBI S, BAHARFAR M, et al. Cell-
mediated biointerfacial phenolic assembly for probiotic nano
encapsulation[J]. Advanced Functional Materials, 2022, 32
(26): 2200775.

[49] ROSAS-VAL P, ADHAMI M, BROTONS-CANTO A, et al.
3D printing of microencapsulated Lactobacillus rhamnosus for
oral delivery[J]. International Journal of Pharmaceutics, 2023,
641: 123058.

[SO] ASHOGBON A O. Dual modification of various starches:
synthesis, properties and applications[J]. Food Chemistry,
2021, 342: 128325.

[SITWANG R Y, LI Z H, SHI J Y, et al. Color 3D printing of

pulped yam utilizing a natural pH sensitive pigment[J].

ITERE IDITHNERERBEEMMIEBPHRRER

Additive Manufacturing, 2021, 46: 102062.

[S2]LIU Y T, TANG T T, DUAN S Q, et al. Applicability of rice
doughs as promising food materials in extrusion-based 3D
printing[J]. Food and Bioprocess Technology, 2020, 13(3):
548-563.

[53] MANIGLIA B C, LIMA D C, DA MATTA M J, et al. Dry
heating treatment: a potential tool to improve the wheat starch
properties for 3D food printing application[J]. Food Research
International, 2020, 137: 109731.

[54] MANIGLIA B C, PATARO G, FERRARI G, et al. Pulsed
electric fields (PEF) treatment to enhance starch 3D printing
application: effect on structure, properties, and functionality of
wheat and cassava starches[J]. Innovative Food Science &
Emerging Technologies, 2021, 68: 102602.

[55]MA S, LIU J B, ZHANG Q R, et al. 3D printing performance
using radio frequency electromagnetic wave modified potato
starch[J]. Innovative Food Science & Emerging Technologies,
2022, 80: 103064.

[56] {wi, fRF R, = &2, 55 . K E 217 otk B FC v
FEHER[I]. M SR, 2024, 37(6): 1-5.

FAN Y, XU T C, ZONG A Z, et al. Research progress on
chemical modification and application of

polysaccharides[J]. Cereals & Oils, 2024, 37(6): 1-5.

[571QIU Z P, ZHENG B, XU J C, et al. 3D-printing of oxidized

soybean

starch-based hydrogels with superior hydration properties[J].
Carbohydrate Polymers, 2022, 292: 119686.
[58] MANIGLIA B C, LIMA D C, MATTA M D J, et al. Hydrogels
based on ozonated cassava starch: effect of ozone processing
conditions

and gelatinization on enhancing 3D-printing

applications[J]. International ~ Journal  of
Macromolecules, 2019, 138: 1 087-1 097.

[591 RAJA V, MOSES J A, ANANDHARAMAKRISHNAN C.

Biological

Effect of 3D printing conditions and post-printing fermentation
on pearl millet fortified idli[J]. Journal of the Science of Food
and Agriculture, 2023, 103(5): 2 401-2 412.

[60]PARK H R, KANG J, RHO S J, et al. Structural and
physicochemical properties of enzymatically modified rice
starch as influenced by the degree of enzyme treatment[J].
Journal of Carbohydrate Chemistry, 2020, 39(5/6): 250-266.

[61]RONG LY, SHEN M Y, WEN H L, et al. Effects of xanthan,
guar and Mesona chinensis Benth gums on the pasting,
rheological, texture properties and microstructure of pea starch
gels[J]. Food Hydrocolloids, 2022, 125: 107391.

[62] CHEN Y Y, ZHANG M, SUN Y N, et al. Improving 3D/4D
printing characteristics of natural food gels by novel additives:
areview[J]. Food Hydrocolloids, 2022, 123: 107160.

[63] FENG C Y, ZHANG M, BHANDARI B. Materials properties
of printable edible inks and printing parameters optimization
during 3D printing: a review[J]. Critical Reviews in Food

Science and Nutrition, 2019, 59(19): 3 074-3 081.

243



