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Abstract

This study was conducted to contribute to the vitalization of the food industry through future food
tech analysis of 3D printing technology. Interest in the future food industry of sustainability is
increasing in the 4th industrial revolution, and the global food market trend is developing food tech
that combines innovative technologies. Research to converge with the 3D printing field and converge
to various food tech fields is in progress, and it is intended to be used as a growth engine to seek
the development of the food industry. Materials applicable to 3D printing were investigated. Among
them, 3D printing technology applicable to grains, proteins and starches, dairy products and sugar
materials was investigated. 3D printing technology that can be applied to food can be classified into
fused deposition modeling (FDM), color jet printing (CJP), selective laser sintering (SLS) & hot air
sintering, and binder jetting. Also, the type of food material and nozzle used is different depending
on the 3D printing technology. The results of this study provided information on the development
of 3D printing technology and materials, and research trends are examined from the food tech
perspective for the application of 3D printing technology as a future food industry. Thus, innovative
development for the sustainable future food industry will proceed with food tech fused with 3D
printing technology in the era of the 4th industrial revolution.
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A Aol A&715/9 ]EH AT 4ol et Tilo] FTHEAL lom, AlA A1EA]
% E‘%ﬂEh 0—31 A1l 7]0] g FEHA (food tech) 7] 7ol &S] 1Y%l It} (Broad,
al., 2021). % XJ?MWL ICT 8% 7|48 283t Frg a9} Hlol 97| 59 /i
o] Jﬁgﬂl ]OE‘] Hojee] 28 9 ESAQl 7|e HE 52 B9l AE 4% AEY 7=
5 91l skl Utk (Gwon, 2021). §3] 3D ZHY Fofe} =oto] TRt FTH| A Fofo]
‘Yot Aqsol 219 Foll 9o, A4 HHS wMsy| 93t dEE o= Egotart
Sitt (Park et al., 2019).

F]|%9] 3D ZHY 7|2 1983 1=2] Charles W. Hullo] ofsto] IgEQlom, ol= HF
g Zg2 38 ggolo] 1EA RS 3 TH A= ASS 5ol YA F2E AFeRE AIRE
ATt (Kim ef al., 2020). 3D =Y Q] 7| 2P| &AL S8 AAE AA|xol| B4 A5 AR
(additive manufacturing) 0 & A&-2 FASole 22 Do, dA=S 477 Hom Fgelo]
Fopdo] met olUAIE A 4= Utk (Yang and Lee, 2022). 27]0f= AlF AAto] 4l&310] 25
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24 AA, o= 52 17 ] AlAlE ARtollA == o] 8E U (Cho et al., 2021), 7|2 JE
E YRR, 14, 715, "ol @ Fof 5 TSRt ofo] 8-80] 7155kt (Song and Min, 2021). ©]2
3F 3D g2 @A Hepr|eAllA 71 FEEA Q= 7eEA, 71E e Akl AR 443,
7Fs ARG Aiskal Asst WA 0w HE|sHA| Al A 4 ATt (Jang and Chung, 2021).

AJF HopolA = Fdtsh S =S W47 200613500 3D A1E ZES 22 AHY
om, z7ol= 25, 7| 2 AZRE Y8R XFES EYote 0| (Kim, 2018). A& 3D
g Y= CAD (computer aided design/draft)L} 3D A7 UE Bolo] ThE0lA 321 YA ¢
ARIE AFTY BIES HHgsto] AFURE 25510 33kl oR 5k AFAIE 71E0lH (Lee
et al., 2021b). A% 3D ZRE]Q] ZZFA]o] wpet YEH4] (material extrusion)T} THO-CIH| =x}4]
(powder bed fusion)O.2 FLESI7|E St} A1E 3D TLIEQ tjEZQ 7|&=E+= FDM (fused
deposition modeling), SLS (selective laser sintering), CIP (color jet printing) 5°] 2™, FDM2
2T NQfo R YR AR Yo R oA gt 3 AFole WA OR ZIFF oI wEAE
Aol = RS Eolke = FAloltt (Kim et al, 2020). SLS= w2 FH|2| A&E G
AFoIL Fo|AE Aol Z7IHA AFA7= WAoE, 49, i 5o EUdRE FE &
B} (Kim et al, 20205). P 416 715 A48 BolL} g BAlsl el e Aol
AEE &8sl TYEFH= 7]&olth (Kim ef al., 2020b).

A% 3D Y 7% A83te] ARk AES E2olr] 93 3D Y] By, AEAA &
=7] 915t 71sm 2A19] i 5o] a3 947]E0| (Liu ef al., 2017). AA|AA & 3D LYY
71&2 njd 844 4119 Ao R 9lon, 3D XY 7|& B E 1wslo Sl lrt
(Rando and Ramaioli, 2021).

wEhA] £ ARollA= 3D Y 7|0 282 915t FH| A TAolA AF 3D ZHY Ve
A E AETRS AT E L v WA AFAR] 0 2419] 3D ZAY Q] WA thote] 4
sk stk

o

II. 3D &&l

om
ikl
(1]4]

AEAT

S8 7|dr ZEE Ay

AEE T Aol B Al BRRE 28 FHE0] vk 22 3D Zego] 7Ksgt
A A9 Het 24 gdiEwA AEAA SReE S0 tidt FEe mie $8% dge
Stk weba] S5 76k S AE EE 223 719 S5 9 RARE 719 9 AR 7 et
e TRt AE ARl fHcH, 2244, 24 E4Z ARSI (Table 1). =9 (dough)y= &
7} 254 (gluten) A Alojof] JoARgo R wWgo] WA¥ely Hed £ 7HITt (Hoseney
and Rogers, 1990). o]213t HeHd £ 0= <lsto] H|o]], 7] 59 I7H5A] ZolAle 582 2
3L Qlo] 3D =YY Alert 2 4 Utk Liv ef al. (20192904 = W71t S47% Fal 23
FARRE sto] YRE9] HlEgo] TG H|X|e FFS FARIL T H7fESE EAskL F
SFs3ITt. Kim er al. 2019y Slo|Eg2F=0lE S 53 7I& F719] & 2 54 FAlshax
29| 37k SARIA AlE WES AAH: 7IES /TSI ol flol HEAER Q A0t et
Zo] AEe] R A, A G5, a4 mand 9 HF F4d| njxle YIS ARSI
FAL T 0.5 g/100 g AEES EURE 7] =97F 27HA] 71A1A A AskE efAlste] 3D H#t
A B F Ak A0 Ueiith E3 3D LYY V1&g Egsle] Leulo| Qg AT} FiH
Hlo|A ] AEL /A=At (Zhang ef al., 2018). BIE 20| EW off £ H]&S ZTMA|ZIOEH
Hlo]7 &2t Z2Ho] QEIA0] AEH o] FYE A BSOS TR T oAl WU, H]
Etalo] Fsto] A AAIOIA F4lo' AMEHAL Q7]0] F83% 3D T AAEA T B
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Table 1. Recent researches on food materials used in 3D food printing

. . Printi
Category Product Main materials Research purpose tec;lrlllollr(l)ggy Reference
Wheat fl li il L . F .
e Ol?r’ omve ofh Investigation of the effect of material ussec.i Liu et al.
freeze-dried mango .. . . deposition
composition on the quality of 3D-printed food . (2019a)
powder modeling
I i f h lloi i F
Dough cat flour, butterfat, ost “‘;Z?e’::r?orin? rO\?l:sros(;loa (c):ldre(ti;iino%l of de EZiet(iion Kim et al.
& powdered sugar, milk POstP ¢ p. P P . (2019)
cookie dough modeling
. P ting the feasibility of 3D printing for th Fused
Cereal-based Wheat flour, calcium resenting the feasibility o brining .o.r ¢ us.e_ Zhang et al.
. . development of bakery products containing deposition
materials caseinate Co. . (2018)
probiotics modeling
Fused Anukiruthika
. timizati f intabili d printi ..
Rice flour, egg Optimiza ;((;Icle:s lfgga(li):iz a rli;;y t‘?:ur printing deposition et al.
P Y J modeling (2020)
Grain gel
Raw black rice, job's tear ~ Validation of the use of simulated piston Fused Guo et al
seeds, mung bean, pressure as a criterion for evaluating the deposition (2020) ’
brown rice, buckwheat  printing performance of various grain gels modeling
. . . . . . . . Fused .
Milk protein Milk protein concentrate, Evaluation of printability of soft foods using . Liu et al.
. . . . deposition
gel sodium caseinate milk protein . (2019b)
modeling
Soyb L . . Fused Phuh
O.y .ean Soybean protein isolate, Rheological and LF-NMR spectral properties us.e. onesung
protein isolate . . deposition et al.
xanthan gum, NaCl study of SPI gels at various concentrations .
gel modeling (2020)
- . Lo . Fused
Lemon juice Lemon juice, potato  Investigation of 3D printing parameters of lemon deposition Yang et al.
Protein and gel starch juice gel as a gel product modeling (2018)
starch—based
materials Potato flakes, pHT Investigati.on of printing parame?e'rs 'c?nd Fus?(.i Liu ef al.
full cream milk, storage time for probiotic viability in deposition (2020)
Mashed Bifidobacterium 3D-printed mashed potatoes modeling
potato Gelatinized potato A study of the effect of pH and potato flake Fused He of al
flakes, gelatinized  content on the 3D printing properties of mashed  deposition (2020) ’
purple sweet potato potatoes modeling
Wheat starch, . . .
e s'arc ’ Investigate the effect of changing SLS process Selective laser Jonkers et al.
Starch maltodextrin, palm L
. parameters at smaller length scales sintering (2022)
oil powder
L .. . Fused Mantihal
Dark chocolate, Mg-ST, Investigation of the effect of additives in usé. antiha
Chocolate lant sterol extrusion-based 3D printed chocolate deposition et al.
P P modeling (2019)
. Investigation of 3D printing for food Fused Le Tohic
Dairy and meat N . . . »
materials Cheese Processed cheese applications using commercially available deposition et al.,
processed cheese as a printing material modeling (2018)
Chicken meat, refined Prov1de§ insight into the devel'opment. of Fuss:si Wilson ef al.
Meat customized meat products fortified with deposition
wheat flour ) . (2020)
dietary fiber modeling
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Table 1. Continued

. . Printi
Category Product Main materials Research purpose tec;lrlllollr(l)ggy Reference
L . . Fused .
Stir-fry beef, lard Investigation of possible changes in the layer of deposition Dick et al.
’ lard deposited within the beef paste structure . (2019)
Dairy and meat modeling
materials Meat Investigation of formulation effect on printabilit Fused
Pork leg meat, xanthan fvestigation © .ormu ation etfect ol pnfl By us.e. Dick et al.
m. euar oum of texture-modified pork paste according to deposition (2020)
gum, gat gu hydrocolloid incorporation modeling
Sucar 3D structure construction by selectively fusing  Color jet 3D Systems.
8 sugar powder by spraying adhesive printing (2014)
Providi hod fi ing fi ith
. r(.)v1dmg' a method for Preparmg (.)Od WIF Selective laser Diaz et al.
Sugar materials Sugar Sugar powder various microstructures using a multi-material L
e sintering (2018)
powder composition
Sucar Creating 3D structures by selectively fusing Hot air CandyFab.
8 sugar using hot air beam sintering (2006)

4 | Resour Sci Res, Vol. 4, No. 1

Qlct (Singh e al., 2016). Anukiruthika et al. (2020)914% Q& BHL Wzl A71E0] H7l7}
SR} o) 27 W guishy S4o] Rold B BNk A0 Busglh ofy) wdo]
W29} AYle] SAVIAY AES 2 volAES BARHORA dshge] SRwelk 3D X
9 242 Z0), 8% A, %5, @ L Y 5 7k A 220 A8 e A7 (Guo
et al., 2020). AL BRF TAE AL ABefoldslol B Aol 7FF S U e 7
o o] Zue At 95 9¥ @ alY Avel IATS UEHAT

¢

_orI:

AL A FAo] BEAR FUARA thFEY] BESHE] 7|50 Hofdic). daldo] F5
A& AAY A717] ofHE AFRES 91 99 3D Zel" Tl Aol #AIE ids =
St Liu et al. Q0I90)S 55 4 T A2 Axslo] FusA, 244 2 /A A%
$9 0 28 BEE 2RI, B L) F DY Y F4o) et 39 P22 U
Slof 3D elge] 2ok, fEsts S4o] @ Ao 3D HUY M8 7 Bl B

9l2-& U=5}9iT). Phuhongsung et al. (2020)= ZFEAT} NaClQ] sof uhg 2] gl ohig]
9] 3 121 /gt sk 9 LENVR 54 Alole] RS eI, ol Jaa

A B9 o T A9 Z9Y A5 295 ABHeE Solt 53 A o 48T

e

N
&2

B, B4 9 Weof WA EA4o] St A e A AdEet Hers 2
3D ZHUY AES WISt (Yang er al, 2018). 3D ZAY 37 A5t A= &4 4
ozt kg A%, e ol &% 9 ¥E £571 3D ZYY Ao FE4 I A=
SIS ERL, o7 ZAte] A|FS FZsleto] LzHo] QA HURRE 7154 AlE= 3D
g 71&2 sttt (Liu ef al., 2020). o] QTS EdjA] 8577 Bt T2Hlo| 9 EAQ]
7Fs/gell diet Zdg i) JdS AR

fe
=

[ZRpA)

Y 11_\’:', o

Al

o

2EL 54 25014 F1L of3d Hlojojo] Rk wieA] SalEE 5440] Jlen= 3D 2y



3D D2 Vs REHI 24

g A-gof Aglslt} (Hao ef al., 2010; Sood et al., 2010). T}a 2ZF3L FHo} wijA, A&, {314
o= 50| Yor] of2it 50 g UH Bo] donz 2299 §F A50] L
0] %It} Mantihal ef al. (2019)°41= T3 2Z30)| 7 EXAZA] ulddlg AgolEo]E By
A4 AHE B9 JUel] o4E oA 2F59 58S FAFTE A7Hee] 2EFEY
@4 B PP Sgton] SAVIL ASS HII

SR BUZ0R TAYY 5 gk AR F Shloltt (Liv e al, 2018). THHE FEHT HE
S 9 HAZ F110] Suitha U V1A BN ERoRA UF 7Rs HolAE gy
£ §HSolo} Tk Wilson o al. (202012 B719] 7% 7|t SFELE A7le) Aol a7t FHr
WY §7 AEY ) /R4S SIS Dick of ol Q01992 37 WE} = Fgo] $718
(GHlE 2e) 34 3 Beld vsleh Aol vAE JFE 2T 34 WEk BeE, 4
9 R WL, 45T ST WO, Bhe YRS vinle] AFS B, of
AT S EY SR ok} vleio] LEBRE A ek APY RES 7H 3D 55 AELS
9J%k ofo|tlol ABE 4 ek Eek, dskazio] Gl ARFES SI9 3D Lele SR AT
A3 Glom, Fekast ok e Ag) HA 7] HolAES] 27, nlizst Fusta B4
tis] W71519T} (Dick et al., 2020).

AABA AL HAXZ, 93} G oldel= A, FE 5 W/ HEOE olRol4 9lom ol 7}
9, £ % 93 AESH A0 oA Urk Le Tohic of al, (019 AWAZ, B8E
Az, w220 Aol 1S §9) 3D ZAYo| WY S8 54 Bl 884
Az} TAYH AL QX2 0] w]sh Fmrh Fe) 49% BASHIL, 14%914 21% H9le)

2 Uitk e 3D Y BAo] H% A% At Age] I & 5 et

ME 7[dt DRIEl AXY

A% 3D maEol T Ei mkor MRS SLA, HAS T binder jetting 7]&0] AFRE 2
Ut (Godoi et al., 2016). AR 9 F5/8% /3 QAE AFY W=t 7144 EAS
2457 fizol WS- Fasith Age] 84 E408 FZ F A4 HIAUECE ARESh= SLS,
HAS 7]&°f Zgoic}. A 7|Rto2 TS of| 2= CandyFab 7|AIE ARES| TAL- 37] o2

49e AEAoz §e 728 WS 4 otk
AL
Il. AZ 3D T2IE 7| 8

A 3D ZHFS AE 959 S AREA & 5 Slo] AIEES AF AETT olshd,
SEE AFY Aol w4 248o] 7Hs3itt (Yoon er al., 2016). A0 HED 4= Qi 3D
I 7]&of= fused deposition modeling (FDM), color jet printing (CJP), selective laser sintering
(SLS) & hot air sintering, binder Jetting®. 2 55 4= Q1o (Fig. 1) 7|&o] et ARRE = A&
A7} 129] 577} thErh (Table 2). ARESIA} SH= AE0] 4Ajo] wheh 243t 3D T 7|&
= AEsl: 22 25 F4l o] Fa37F Fioln, th3oll= 2479 A% 3D ZHE V&S
aalglch

Fused Deposition Modeling (FDM)

FDM W42 3.8 9 19102 RS Wollo] & 34 AZoH YA Yz F BE 3L

Resour Sci Res, Vol. 4, No. 1 |5
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Mult-channel
Inkjet Head

Fig. 1. Fused depositon modeling (FDM) (A), color jet printing (CJP) (B), selective laser sintering
(SLS) (D), hot air sintering (E), binder jetting (F). (Sun et al., 2015).

Table 2. 3D food printing technology and food materials

Category Principle Food materials
F iti li F terial is ext from th 1 .
used deposition modeling ood material is ex. ruded rorp e nozzle and Chocolate, cookie dough, cheese, pofato
(FDM) deposited at a time
Color jet printing . . L
(CIP) Drop edible binding agent on powder bed Sugar powder, starch, low viscosity food
Selective laser sintering (SLS) & Edible powder is melted with a laser (or heat) and Powder ingredients such as sugar and
Hot air sintering then sintered starch
Binder jetting Deposition by dropping binder in edible powder Sugar powder, flour, starch

o] Z3t g3t (Nachal er al., 2019). %2 7|5k9] QA= AlASE G4 &g 7lssl0] A1Z
Azo] Al HY7) ylo] T tjFE9] 3D ZHE|of| ARRE|T QIth (Liu et al., 2019¢; Mantihala
et al., 2020). 2F2, 7] ¥k, o7 A, A%, HO|AE F TRt AEE LElgo] A&l
AoH, Ago] o= AL A4S 7KL 71A1A A7t wthd 3D E8o] 7kssitt (Yoon er dl,
2016). 1ejut o] WAL =& HE vt FEL 5 A0HA SA the Y EEES AXT
&= Qlofof hH (Pérez et al., 2019), &8 EZ0] A& AAE FFo7]00 ool et (Lee,
2021a).

Color Jet Printing (CJP)

YFA ZHE F=5 o] 83f 2L AEo] Yret HRHE dUARRE Hojry F2keh= WA
ot}. E2& AR&slo] Edfolof] B wme|y IIE =7t B Edjo|E E|X|otHA HAAE
gojg] 3D P AxATh H2A7E olAA] gk RS AXstaA} sk 4= AR5
ghzoll A% g F, AR 271 BB A5 (Silva et al., 2008). F2HA ol S H7FskL ofF
7Ne] ARAE o83 FDMOAM= F&sH] Fole 45t 7HA9] AS @D &= Qlo} (Kim et al.,
2020). E3F AR I F9] GA7F 28 glom AEo AJeHstrt 3A DojuA] got FDMIt=
AE A5 AElo] th2r). Ag 9 w4a Zo] ek o w2 Hro] Ang Aokl wEbA B3
3 125 AP EThe BT THS ol H| ARSET (Le-Bail er al., 2020). #49] YAt
3719} JEAQ] 27 2717t Zopd] wet 29E9] s soAH o] BAEE &9

6 | Resour Sci Res, Vol. 4, No. 1
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JT FAo) LS Q=3I (Yoon ef al., 2016).

Selective Laser Sintering (SLS) & Hot Air Sintering
Meizog oAy GF-3 ol&sf IS sl 3D U4 ML eu EEZ T H=
Yo & AAH Fejol met £ Kol AISS FATTE UHA £ 5 IdE

AAJokz G ob, o] T2 HFHQ 3D SES UHT WA vHEIITh (Awad e al., 2020).
ol2fgt W49 AL o] AFELH B 52 HASHRt oFH sl AF EEES S
H 2R

TSI B 4 QU Aolck TS ojel wlEl Tkt W olaf To] Bl 4 ok w
o WAle] A At Bez sgHolr chit ABE H83He B WA Qo] A% Rofeld
99 ST QA Uh (Swn er al., 2015). SLSE HIMES EA0E AT Bk = 9]
A Bt FojA o] IR T A HESHe WAlolch (Dankar ef al, 2018). 5,

59| B Qe ARHH, At gmet 22 ABHAES WL B Kim e dl,

[0
Me
0|
H

Hot air sintering SLSO} 2+ Q2|2 2 W]=o] o]/} oot BE-E Uste ool 2Afs

LS Aol 29 3D 1RES Aok WAlo[th AF AREE SLSe IR ARt
7o Bt 57} AMEEICH (Dankar et al., 2018).

Binder Jetting
Binder jetting CIP9} -FARE Yej& BIH=E v2| FH|3E & Fd6talat oh= 3D 125
/ol w2t Z2FAE ol EAbste] 2ES AlFsks WHAlolth (Dankar er dl., 2018). Q12] 37
oA Sl B 1=A #ABE & AHA7 A4E B4l wEt £ S0l 2D HeS gt

2D HRog H ST AR|ohs B 32 W7 Wo] 3D FAo| 2 wirbA] A TE
QEESITE (Holland ef al., 2018). 4% AR 2 AREEE B9 AR} 7|5 27|17 I8 Hk= 3D
SEY] Yo A FA FFE A, dAE IE BT G HHo| #YUe 7Y 2
FAla ASHA |9 AT AI7HS TAA]7]7] o]t (Mostafaei et al., 2020; Miyanaji et al., 2020).
AL ARRE WIE, AR 53} 22 EUE AgtE1l Qlth (Pitayachaval ef al., 2018).

V. 2 <

A7 ARIE Aol A1ER1 Z1so] B FEEIAR X&7Rs e vl A= ARl ek
o] FU=IT Slck. Wrlole], 224 % ICT §2¢ 71¢S 23 3D ZYY 7|¢ Fe]
BoHo] AT Jon, 4B S RG] Yt JYEYoR T St e,
1% 3D DAY 71£9] FEIE Sl AES Seol] 99t 3D ZaAe] B, 4EaAt
Ees]7] 912t 7143} 2719] o] BAe) Wasick B A& 3D TUYS B8 vjz) 4E4
A AL 9ot 3D T AL 7Rsor AlEAA I AEFL 3D Ty 7 ]
3D ZRY 7l JHEE 9] FEHT AEA %‘rﬂ = HOP 7]5731321 gulof] sk A2
e At A dEo] A8l wet #det 3D 7l&s Agstolof otH, AjF 3D
99 71e A8l tetA kege] SR S¥Ee &a«l ?%01] ‘IPE} =4 Z380| 7Fedtth
mEbA 2 Arolld= 3D Z3E Ve 82 fiet A 3D Zeld V|sat AE A 285 AT
B9k, TR AEAIRIOIA j2) B2 AEARI0RAS] 4% 3D TY TS B8sto] 4
Ak} ko] ofukAIg 4 9lg Ao AlREr.

e

jin

10 T10 — 1 0

o)
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