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Abstract

Traditional livestock farming methods fail to meet the increasing demand for animal-derived pro-
tein driven by population growth, leading to food supply issues and negative environmental impacts.
As a sustainable alternative, the need for innovative meat production methods has emerged. This
study explores the significance of 3D bioprinting and bioinks in the production of cultured meat,
a future protein resource based on cell engineering technologies. Plant-based bioinks, such as nano-
cellulose, soy protein isolate, and alginate, offer advantages including biocompatibility, biodegrad-
ability, and enhanced cell adhesion. These materials are cost-effective due to their low raw material
costs and the potential for reduced production costs in large-scale manufacturing, making them favor-
able for the commercialization of cultured meat. However, challenges such as mechanical properties
and scaffold stability remain. Therefore, further research into sustainable plant-based bioink develop-
ment, including optimization of printing parameters and the addition of cross-linking agents, is
deemed necessary.
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SAIRIRHUN) 205047H] A7) 2177} 051 ol o} A0 oftgion, olo] ujet 52 %9
ohlzlo] Q71 T vl ZU)5ke] A& 7Rs%E Al EAlo] tist $HE H 51t Henchion et
L, 2017). AT 2719} B SRS 2% ZoH, 1% AL W B} B0 A g
et AT 299 S71= A2l S57 A oAl {Rie] Ha/dol AL Qirk(Stephens ef
al., 2018). o3t A SHES sl wi A AplSo] TEAL JloH, 11 F A9 17|(n
vitro meat)y= Aol 5B NZE AJF3F F A|EZE 714 0|83 Z4lste] AL 4 Q=
A8 1712 7158 A% g1 WIS R Amsdel @ Hoke, weks, AlE woks Ex
AALolgtal e WS Stephens ef al., 2018). HIRS-L 31, ZEER] Sof FHZA JFS = 5

I AR S71E ket 4 Qe S8t njE T Atdo g FERol AL It Goodwin
and Shoilders, 2013). HjQkS-S Al | QJoiile B& AZE Yoks 27| L2 Hjokslal vioRs:
o] gt g 84 HIEE RS 4 = 3D H}O]R IZdg 7l&°] 8311, ol= SE, AR,
718t 9 JEEE 251 AMIERI 482 T 4= QA $ITH(Handral er al.,, 2020; Yang et al.,
2024). T3, 3D Hio| 9 mEEL tokst A % JusHA w9 & U= 71eS 7L Qlo] AF
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4, A, B 59 ot 4 845 7 AA aE A S itk

3D Hpo] @ ZHUFY Ho|Q JYIF ol 32 BETHA F2E AlFsket AREE 7R
Agolet & 22153 7154 AE A 5 thRE 2okl Z-8EthOzbolat er al, 2016). BIYS
olA€] 3D Hio|Q TAY FAAQ] FF RS 2ET 4 AL, TRl A Aot AR B
7, #71E A4 Aol 3Uth(Bedoya er al,, 2022). 3D HIo|Q LG Hlo|Q IS S5 A|A|
AE A austA sigste] HHios & F7iet EXRE B3t 125 7R I8 2AS AR 4 9L
o, 22R iR} o Bt A W fARE BES ASe = AtHGuan e al., 2021; Lee ef al.,
2024). HjF5olA] 3D Hlo]Q LAY 7|&o] AFEHA] A2 At Ahet e AAIE et
A% AEEA vo]Q =9 Figo] S UK Veiga ef al., 2021). HiFS Ak 18] AHE=
Hlo|Q YT+ A ffl AAAESE, tiF A 5448 7KL 3D T 9] k52 59 &9
EITHWu ef al., 2024). THA] 3D HIO|Q RIE)S flsfixl= ARL Hlo|Q JAE MAska et
Hl &g AHsh= Zo] Sasit

3D Hpol@ ZAYY 4 8401 Hlo|Q YJH= NEE Hbell 25 Ak qE A
A3Hd, A=, AAAY A, 54 50l SASITHLI er al, 2021). HIOlQ Y= YHHHOR
Sto]==2 pre-polymer solution?} A= F/4J%|™, hydrogel A|A|42] F/4d< sh A2}t 215
Sl Hiel 2. =19 fot], E2|4] E4J0] 7]ofRItMandrycky er al, 2016). SPO]=2Z2- A
A EFH 7|4t slo|=2 A AH E2H 7|46k hydrogel 2 Ws 4 UtHZorlutuna et al., 2013).
4 EH so|=2Ae AXAE HA R FAD 4= Al FERt S9o] ZRsshARt M &2
] sfo|Eg2 4o Hlgl| 7}Zo] v, A|aLo] A= 9 Aol F-83t A Aet/do] Hojzlrks T
o] thBian, L. 2020). BH, M E2|H slo]=242 7]E A|29] 718S FAFeHA BHsto] vk
= Aol 3t A 2MdE 7HAIAL Q1o AlES] 5T S4 H #3lo] RElskrhe Aol
Ak Carrow et al., 2015). & =FoA= HA E2H slo|E2 g A= &4 A5 Y A&
715t vlo] @ ¢JF9] Aty EAI} FHHS XA 3D Hio|Q ILHdo] &8szt gitt

1. Mz & g

1. State of Cultured Meat using Plant-Based Bioink

A5/ HIe|Q Y= YR A oA TEA YRl vl 22 o B PAFHAS ARES]
of 2t ARgo] Hom, A3 7HA 0 R HIE BEAS =ol|al v A Al AIE-E AT
Qlo] Bljoks: AALS QJ5t A8 o]9 g wo| AL T QItkSoleymani et al., 2024). TIHEZ]Q] A1EA
Hlo]Q = FEWE Fig. 19 YehiRloH, AE/d Hle]Q JA=E AR AA A= Al229] 440
F83 2, B HAL, $5t YIRS AL ATk AGRo] QlHk(Van Vet et al., 2020).
TS Aol FHolu g mAE FAAR] S FAstele] viks A & A& 7hedt
ikt 1715 4o 34291 2t Qlof A4 el A Y A7t AIYEAL et wHEbA
A5/ HIe|Q JAE T8 AR A A A RS Table 19 YERHATE 18y A4 Hlol2
PAE A&7 HIFEFS FEA HIO|Q JAE ARSSE Adke HE B A7 7RIt Ao
Utk T=4 HIP|R YIE o83 MRS v & B TRt HolE 7Hl st L 22
th e WyE o] A50] Ad ZAZ 223 fAR] S 22 71E Aleat vt A Ad
The £40] QAR 2154 Hlol@ = &g A4 FRE sl gHdEo] REsial A& A
=29 FFE0] Q= SREE Qlsf Alzto] 535k &abo] Wi EAIKo] It (Wang e al., 2023).
olz|gt ZAIE Hstr] Ysh T AAIQ] Eloplat 22 RS M7l A=) 9k AdstAY
T i 2R QU GES 59 ET1F0F A5k 7149 TSP(texturized soy protein)S

olgsto] A8t w35t Agke A WHSo] AT YUK Milani ef al, 2021). E, FE

-
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Fig. 1. Plant-based bioink extraction method.
hgRet BedR TAEe] gl 424

e AEAd el Y= SE4 vl g0 visf Tt =
AYIL 9o s24d Hiol 2 YA £ T 2 ARge] B W2 74| Ade AUl /e,
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Table 1. Plant-based bioink scaffolds

Scaffold materials Application Reference
sp1 Development of cultured meat scaffolds using SPI bioink and study on cell adhesion Mariano et al. (2024)
- Cultured meat scaffolds printed with PPI bioink and differentiation of BSc cells David et al. (2024)
Development of long-term stable cultured meat scaffolds using PPI bioink Tanovici et al. (2024)
SPI, PPI Properties and cell adhesion of cultured meat scaffolds printed with PPI and SPI bioinks  Kim et al. (2024)

SPI, PPL alginate

Development of cultured meat scaffolds using plant-based bioink

Tanovici et al. (2022)

Rosendahl et al.

Nanocellulose Development of 3D printed nanocellulose scaffolds for cell culture (2022)
Study of 3D bioprinting technology using nanocellulose-alginate based bioink Nguyen et al. (2017)
N 1lul S . - .
ar;(;;?n;eose, Study on printability of nanocellulose-alginate bioink for 3D printers Jessop et al. (2019)

3D bioprinting of nanocellulose-alginate bioink containing cells

Avila et al. (2016)

Alginate, Type A
gelatin

Development of cultured meat scaffolds using alginate and gelatin bioink

Li et al. (2021)

Alginate, hyaluronic
acid

Study of hyaluronic acid-alginate based bioink scaffolds and 3D printing technology

Lee et al. (2021)

Alginate,
nanocellulose, gelatin

Development of cell scaffolds using alginate based bioink

Gonzalez-Fernandez
et al. (2021)

YMeans that soy protein isolate.
YMeans that pea protein isolate.
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& d E]’(Padhl et al., 2023) o]g 59}0}7] o8] Ea

3@@ %4 01%— TAEY e 18t ;1%01 47V stolBe|= Holo 3 A A7}
il Xﬁi‘a} 7t 08 A& 7hset 21944l das

S A%t wARES e ok A AP

2. Nanocellulose

22 olEE 424 Hlole I F ABReAL Aeld] ¥ HxHlo] gl A 18 2
4% IR, 4% 2 AEHe) 78 PR 8soln B, U, *4%, 8 L 5ol 2
CHFatimi ef al., 2022). AEE QAE Y| 37|19 A9+ 2 Haslo] T= L AZZ Q
2k Ui 29] 3712 <8 Fold 71418 Jwg 7pa 10111 ARSI A Mol FHol
U3 22 Hwot A 34 o] glof ol wYo] A&HrkAmstrong er al, 2022). Guo 5
(2023)9] ¥j%¥52] 3D H}om ngo] Pt Qo] 2w, LhegR oA Sl Hlole QA
AIZE AFshH AAA 125 B4 71522 vika2 At o Qlkal Hasiglon, e ds
2OAL }\Hxﬂ S| ?J-A-lo] 5H uHO]:O }\H/R}oﬂ S| 9:}0} xH T2 uﬂ7].ul-j_ r,]- 14-5__/1412 ZOAL H}o]
Q ndY F w2 ALE FASkL 29" Fol= AR 25 Aok H 588 A2 o,
of:= HiFS AR P13t AAA AR Al F-&F Aolar ”&E}%E](Wang et al., 2020). L& W
A B0 AlEF A7t W] diiZo] FAdo] oM, ol e 7INE Hio] @ IEF

A & 7FsAdo] ot g B ke SiE B9 ohE), A9 7Rt 240l mek AlE A

A



A2
A

0x

ATHE O[83t 3D Hi0|2 T i

240 G2 0] 5 o AT AAAS) 2 BT DA BESA 22 4 9lo] 14
Ql F7} A9t BRSIHEe et al., 2021; Han et al., 2020). YHEHOZ =2 HAS 27| 9
T8/ 41} E3dsto] Hlo| @ JAE AFSH=H|, WAEE A= Fg/o] sl 23l o
QU BT AR Bl Soblcks 240|908, ol A3 s ofF A 2
o] Fasirtal AeA QUthAjdary er al., 2019). 0|2t ZAIE siE5l7] 5] HAEZ QA Bt
ol Jte] B AUSH TSI kY ATl ofd BefH TAET i UV Aol
B AT AGELT YL Wei o al, 2021), AR 02 S5t vole Y AET A0
A T S AL /o] FHoluf HiFS: A Al QPFAQl Z|X|A |2 Al F2lo] fE]stths AFlo]
St 1t 8 HHOE GI9) 3D Blo]o. mAEle] 13 iy AV Pstel mUe] 4zt
BEP3e A 4 Yov, AES) o] RHA GHE vA S Uk WA e dEE o
Hlole. 98 o183 3D Il A| 9] o} 2l v A A SRS A
A 0l ot A4l A79% o] LAt WEHEICKWan Jusoh ef l, 2022 Wang
et al., 2020).

3. Bean Protein Isolate

A5 E= SFaolA 22E F gid 2252 7HEo] Agslal S5 Tl FHHe s 5
= o @i S5 AAY 715 9 E8stetd S 7R ltk(lanovici et al., 2022).
ALE AQJollA] T T2 7|20 ASS HHel| 913t 24E Wol AtE qlon, dHEY|A
o] Wil JY7PF ke Aol AUtkZhang et al, 2021). HWiFFoIA 2] F Tl A2 Tt FHZ
7R = Qlo] AlaEe] Rl gl TR = = Alsste] A Aol == B o,
dutd oz HAA 0] Qo] & HolsoiR]= TR e HAAYS XYl tKSingh e al,
2022). Sharma 5 (2023)9] i ©d HejE3 Hlo|Q JAE ARESE HPo| QU ETAQ] A|Z,
E4% 9 3-8 dAoA s 2 T Tl Hlo]Q JIAE uiRs AL A] o8I5S w, FeHEH
ol RS d= AleshH, A=z 2k e d A4l Ageltta Barsigirth T2y F T
A, ZFAAUA L o]AZeRE SRIER Qs 719 AlSals thE 29k} E25to] EAf6l7]
w20l $A=E 53 3ekE AA7F E ] 3lth(Rubio ef al, 2020). F7F opzt, SHeg Thild £
& Ho| 2 YA 5t B4/l ol 3D Hie| @ ZHY XA|H|f Q14 HUEr} HojZltk=
Aol loH, tiF Tl EelE Hlo|Q P EIF ARAY FYAS ol 14 2k, 214
£, A oE 59 Q1 w7l gt AlRAR] At7F RS Chen er al., 2024). o3t
HAE i 2sk] {8 FAUIOIE E= Aot 59 1EAt B2 £t 7|AA AEE Bdst
I AR L2A HIAS TN A7t A= T QItk(Carranza et al., 2024). Alesacidi 5
(2023)9] 22| FekE Rt EejdiFrhin} AR o] EZ} 39t slo|=24 7 Aol = S
Ty AR EE E619LS ) Slo|E2A0] Hirt FdE o] 71AE HA=E A7, oF
AR AAAE 4T 4= vkl Busiyltt. gt o 5 T Tl EeEE ol8st AE
/g Hlo]Q Y= 7H4 o] A-SIal JY7P L FH5HH, Al Aol fefstth= Aol o] tiE
Al =4 T AR v 4k sl B2 A7t olFoiA|AL Qi 124 3D Hio| 2
e 9] 74 AMdS IRt AFAQl A7 BEstaL 71E A9 Al gk tiAsh ] o9
FYH & o]gs}7of ABARES] AT st WojXitk= £A-0] Qlof ol& sidsr] I3t 714
Ql A+7F B85l kT

4. Alginate
YAHo|Ex 227 59 SiY A= AR AlEHoN F2 FEF= A Y HEF Hel2
%7(

Y= Bls= 79 =EoIHLin e al, 2022). T4 FAM|O|EE F2 22| Fot 3w AP, JAA]
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T 59 AJefto] AREE| AL Qlom, BEsh, A 52 Aol AHGao e al., 2021). H9t
ozt HIMZE/ 0 2§ 7hsolal AHoE ARe A=o)|7] wize] wiks At St A2
AlZastol|l A AgHA, QFgAl 5o T ARGEITH(Lee ef al., 2024). Andersen 5 (2015)] YA|H[o]
E sto]=279] 3D Hio|Q IHY A v} Aol mEH LRYo|E= Ao A A3t
WA sle|E2A g4 GolAd9 Aol Jlo] HielQ JHAEA 9 AP HAsHlth E3L
ApE o g FYslE FAYC|ES ARESIo] Al3] 3D Hio| @ IEiglof| Mot A|RHE B5I3
o, AE7} 80% oA AEsto] AELo] =ttt 5t Andersen ef al., 2015). 12t LAY
o|E ¥k XRA= 7|4 Ado] Rot Bt 125 TR0 AglsiA] ¥aL ARAE QA
07 FARE fASHA] FRtths A0l HAEITHL ef al, 2016). E3E, 714 Mol HOoH
Alz=7t QPR o 2 Halshal /et 4 Qe S AlEolAl Zafl Al2e] AEgo] Wolkith= &4
7} ATHGao et al., 2021). Tahir®} Floreani (2022)2] HJoRS-S I3 YA|Yo|E 7|8t A x|AQ] 71A1A
EA Y Aol A1 SAC|E AAAE E=6l7] 918 RGD HEle| = S31%h Hio| 2
PAE ARG IAAo] FE I Al F2Fo] =2 ARA7F PYA 02 FAHET L H15}e]
om, o]e} E FA|Y|E 7|5t £ Hlo]Q Y ARA| A7} A|&E| AL et SHAITE GAo]
E= B3Rl ARG £55 7HAAL Qlof, Bt 22 Al FatollA A9 /gt £l
FAAQl 92 1A 5= 9lZ & oide} Hiol @ 9] VA EAnt 2T EAo] HiskE &
AUrk= ZA1F0] 1th(Axpe and Oyen, 2016). WeHA YAHO|E Ho]Q = A4 ZgHgo] FHoj
UL HM 25402 QEASH]| A8 7Rs stk AgRdo] QAIRE W2 Q1 A A7} Qg o=
FAE7] otk BARCE QI BEC & ARES| of#ff] thE E3tEo] H o 7t of
of gtttk &3 EFAIARIl £ ARGICE Qlsf ol 245k gt F7HA’l A7t Easitt
I gk

n. 8 2

WioRS.L 7120] B8 9o ThiLe ciAe Gl vl i A9 % shuE A o)
dfulat 4 gl AlEEolT) HlokS AlAlo] R Aok Mo 4wt Hole o) WA
$1740] AEShe Fio] £R30, o= vlo| oJ=9} Wt eio] 9k, ulol oJFo] Exo] ma
717 Ak, AAA) F2A A, Aze) A A © Q% Bl FeL v, Holo
Jat 524, 424, 1 9 S2 5 olg S5} gloH, 1% ok A2T 84 A2 Uk
% Sk 424 Hlo]o QT e RS FINT ETH Aofo] gtk Ho] ik tiEHe]
1249 vlole Tt UASR oA B thid RalE SAolEst glon), A9 o] ER
154, e welely, 418 Fisalehs Hog Yol psln gk T8l 714 Hgkio] Ba
ol QbgHel AAAE 7102 $As1] ofditks BAol itk olaist 2412 sdsi]
14 5, Q4] &5 A% Q12 5] ol ulfhuiso] ot ol k) Agh S| ARASl A

b A%E T 9t YR o] gslo] YA ks TAoIA F1e] 714 Aol Hla] A1l A18o]
How At /102 Hlg HEAS ol ek AT A] RIS A7 % 9o kS AV

Agsle] RelR A8 Blole T AV Bl Sis) A14Hel A7t Basity B
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