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Abstract

With the exponential growth of the world population and the decline in agricultural production
due to global warming, it is predicted that there will be an inevitable shortage of food and meat
resources in the future. The global meat consumption, which reached 328 million tons in 2021, is
expected to increase by about 70% by 2050, and the existing livestock industry, which utilizes limited
resources, is having difficulty meeting the demand. Accordingly, cultured meat produced by culturing
cells in the laboratory, plant-based meat processed by extracting proteins from plants have been
proposed as sustainable food alternatives. These future protein sources are gaining popularity among
consumers who prefer a healthy diet due to their nutritional benefits, and they are receiving attention
for their potential to reduce environmental impact. This review describes the types and characteristics
of protein sources such as cultured meat, antiserum media, soy protein, wheat protein, and other
mushroom mycelia, mushroom cultured meat, processing processes and technologies, market status,
institutional challenges and prospects.
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1. 2 3718} XRL2HelZ Qlgh A2k Xj2

A ARG EA] 789 T8ollA] 20500fli= 99 ol ofF A C=E iFETHPRB, 2020). F=2]
A ZAASA} EnpA 2HE WA A(Thomas Robert Malthus)= Q19M= 7|5l 0 & Z151A4t,
Al A Aegsdomnt F7koh] o] A 9 AR BAAY Aow MYyt
(Prosekov and Ivanova, 2016). W& =717} F7Fok= Qo] thafste] AlF R5S of9A i
A1) AZ3}31 rh(Vignesh er al., 2024). S4B 7| HFA0)2] o] W2 20504 &2
R AE] 871 559 ol =2 Zolet Skl ITKSim ef al, 2022). AA] FAAIS]OA
7FY FESKe 22 ol F ol AlT2d3le} 7199)7] theHRkS: BAGk= Zlolth(So, 2023).
204171 Ad A B2t Bt 7]20] 9 0.6C 5ok 5 7P 737 245t e APFom,
Uoprt tlgfofls ol Zuslo] 10Wuitt 0.1~2T 9] 7]20] A58 Aoz oAFETHMuluneh,
2021). AA| B, Y, 7Me 5 RS AAAes Al Aitell Bl R WAL A
H23h 22 AHAQ0 HofE YYAIZITKCarvalho and Spataru, 2023).
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O A2k S I3t A=Y & S=4 RIS Siet HY

Aog APt &7 487 ALSWA STk e ARolA &, EARE 22 E AS
D87 7120 FUE 85 71H0] AT Al F71E e ofeke AgolckReis ef al,
2020). Kombolo Ngah et al.(2023)2 o}Ze]7}0] AR AlA| 7154=9] 389 1S ARA5HAe, &84
I} Ao B2 AlAE Qluelrt AgkE =AGO R QlF] Fkoke &7 £88 FZA7)7] o
ChL BB, Singh ef al QU2 8% B F20] dhet 2RO X4 7R3 Al o]
T o] 507} F7ik Qlek WSSl

o8

2. Xi& 7Ks3t Aol THIOR Oj2f T Xiglel
uje) S AL |E S5t SARE o A7, ol

iy

of

PHE AT A 715 el
5 TR g0l Brksun o al,

),
FEAE] A 2 AES ERAIA, ] FARE, A7 1HA
2021). B A2 A%, RS Sol 71 thiEAel vie) Bl Ao m A ZBu glon], I
5 Ul S A AelA 7R 2 8IS AL e AEd diAls AEeld a9
A& olgslo] Alxet Zolth(You et al., 2020). £BAR= 7IE W77 7L Qe EE B2
QAR BN 223 5 U AR HEBke Aol UrkKim e al, 2024). WA w2y
ol 2k 7] F83 S F oshvks A Tl AEE AEShe Aolth(Mishal er al,, 2022).
N2 g% FAREE thE T 9 9 gl 9RE, 5 7, 9 e, 8 52 o]83ty
AH(Kurek et al., 2022). °]°f 7|& 11719t Zo] ¥4 S FARI tidle2 7idsh] sh
O e 83t H] Ap, wjkee] e A8l B} 5 TR A7k HElR Qe Milani
and Conti, 2024; To et al., 2024). AH|A= A73SE Ado] tist 2 7=2 iASE Adsh= A3S
Hol=t|(Arora et al, 2023), A& THE RS =4 9=l vlste]l A, A=zl
AN g Bl L 2% A 20] Fasle] glo] JYBrEoR $45tek(Cho and
Ryu, 2022). 12yt 154 HiAks tit2o] w572 St 24 5 W3] S5 AR @71 w2l
71& 171E tAlsl] Hlsiile AR Bsd £/499 7iido] 87EtHGodschalk-Broers ef al., 2022).

524 tAIge) 49 7120 394 2403 ge) SRV B A Y % 435
Ao RRE hHsP Ailo] Rsoh], BB UYL A0 A JPHORT 943t )
| hld Ro|thBryant and Barnett, 2020). o|2{gt thAlS A1) A AlA wi&2 2018¢ 1009
gel2 YolAle, 2025l 2129) 35 P TR Zksh, 20269l 3009 Dejo] o}
Z10F AETHXie ef al., 2024). Vural et al.(2023)2 |42 ok AH|RRR}; AAFQR; AH|RE
dre=z didleol Hiet A5 A3t 2, tidlee] A7t om A= FHITHH 48] AS &
e 5 U Ao ALYt hAS2 T2 FTud AFCZ Qo AEHQA $/HE He F ¢le
2H]AF E3] @ 5l FMofA| o] E Zlolw, oo w2t tiAleo] 87t S7KE Zos Vet
(Lee et al., 2020).

b &2 Atolad= QI F71eF AR2H3lR Qlsf Al £5 ZAF iR Qe @ 35
A 71E $5E BAIZ 4 G A% 7R5T Al njg whald A9le] R0t 5%, U 8 B4,
R, A=A dpAleF o] s aEstaat .

N~ WU

1. S=9 U=

=4 dASolt S22 FEH AFt 27] MER AJgH wide Adste] MES A
HioFE A9 & AlEE TE S7E 2|3ith(Bhat and Fayaz, 2011). BJQRS2] A2 Fig.
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Fig. 1. Cultured meat production process.

1o ehdQlct. i, Al Wl &5, 850l Ede 584 e SoA=Re AZs
AFskaL, A7t Agdskal 32Hd 25 B-gsk7] f1et ARAE ARsH, o] % Al F412 fIsh
"ol @ ZHEdh= BE 378 AA 4% 2208 JASH EtkAllanet al., 2019). HiJS: 7o
L 710) 7.9} 2ol 4@} JPIE HAeHe S40| AR, o Wek 2712 WAl
2730l sz 3k Ay % 2787t Qu|71-3 Z]H“}i tAlsIAY S 77 & HdE=
TS A|ZO) AElekd AL A3} A7) S B3 GAT 4 UtHChen er al., 2022a;
Pos, 2002, 8 F0|, A 24, A TF 5L WA che 4% 241 9 14 A
A71E 59 uijokee] AT S Alojd 4 UtH(Arshad et al., 2017). Martins et al.(2024)2
HgRE0] 7] SAtlo] Hlel RA7EA iSRS 0|1 B EXY AREE 0] JeEHoR
A4 753t oj2) Tl Aglolekn BBk Mekgol 7% S5 fARE Bk Tdska At
H-§-S W5 2 AL, ol A% b, A& 7Rs, 1FAL B E BA9 22 25 IAIE sid
AAEE 7 575t giote] & Aot Martins et al., 2024).

mlo

O

1. HHYS MAof| ABEl= ME

ThoFet A2 R AIRIARE ol 8&ste] BiSE AJ4ket ARl Table 10f] UERASIT 59148
AlES 553 7|A5 Afolof] WAE= £7IMEE Haols AE7] it £80] &5 5 2F
Ao 2 el FAE TAY &= Edsto] T30 R HolEo] ZHRE %h-, 11]‘41 +5
82l 83t A KO et al., 2023b). 1L I5PdA|E= A A|9] £ S5 7HA
I AZEsF dojur] ol thti vikS AFARS Hoiile S59dAIREY Xl 9l TF2
53 20| 22 94M 27} T Q3| (Skrivergaard ef al., 2023), Kim ef al.(2023b)2 F53t %Jﬂ
9] IMZEE AH5H ] HeiMe TSEAEY & 9 FA JFE A= 3919 A, ¢
g, 55 9 A% A 5 o 84F eEsfof Sttty 59tk Oh er al (202202 1@4
NAER 6U7E AR XYt o ARt B Sl= Qlof Ml29] Bl SH= UAT
o TEAIE FoME B7RE VAT dobe] fgAlae] Hls) E3} sEo] HojFtkal B st
22 FEYA T B0l ©E EeksE 9] Alo|7h &S AAlST

s/ E71M1ZQ] violE7 M= viote] vielidd, SHisd, LeidolA Rl 23 A alietze]
W5 Aol Eefd o= 3l FARIC R F4lsto] tieftt Al P22 Fald 4= Sl= Alxo|ch

it
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Table 1. Examples of cultured meat production using various types of cells and growth factors

Cells Growth factors Title References
Small satellite rAlbumin Simple and effective serum-free medium for sustained expansion of bovine Stout et al.
cells satellite cells for cell cultured meat (2022)
Insulin-like growth factor,
Fish embryonic Fibroblast growth factor, Toward sustainable culture media: Using artificial intelligence to optimize ~ Nikkhah et al.
stem cells Transforming growth factors, reduced-serum formulations for cultivated meat (2023)

Platelet-derived growth factor

Insect hydrolysate,

Fish embryonic L
Y Marine invertebrate

stem cells

Batish et al.

Evaluating the potential of marine invertebrate and insect protein hydrolysates
(2022)

to reduce fetal bovine serum in cell culture media for cultivated fish production

hydrolysates
Bovine . l?evelopmenF of ser@—ﬁee and gram—@enved—nument—ﬁee medium using Yamanaka et al.
C. vulgaris extract microalga-derived nutrients and mammalian cell-secreted growth factors for
myoblasts . . (2023)
sustainable cultured meat production
Bovine . Proliferation and differentiation of primary bovine myoblasts using Chlorella  Okamoto et al.
C. vulgaris extract . . .
myoblasts vulgaris extract for sustainable production of cultured meat (2022)
. . S Kim et al.
Porcine muscle  Fermented soybean meal, Evaluation of fermented soybean meal and edible insect hydrolysates as (I;)zza;l
stem cells Edible insect hydrolysate potential serum replacement in pig muscle stem cell culture
Smali;fstelhte Rapeseed protein isolate A Beefy-R culture medium: replacing albumin with rapeseed protein isolates St(z;toze;)al.
Egg whites,
Eggshell membrane,
Mammalian Poultry residue, Life cycle assessment of culture media with alternative compositions for Wali et al,
cells Pea hydrolysate, cultured meat production (2024)
Porcine plasma,
Fibroblast growth factor
Small satellite Fibroblast erowth factor 2 The comparison of commercial serum-free media for hanwoo satellite cell Yu et al.
cells & proliferation and the role of fibroblast growth factor 2 (2023)
Chick satellite . Preliminary study on comparison of egg extraction methods for development Lee et al.
Egg white extract . . .
cells of fetal bovine serum substitutes in cultured meat (2024b)
Lupin,
Fish satellite Peas, Development of serum-reduced medium for mackerel muscle cell line Lim et al.
cells Rapeseed, cultivation (2024)
Birds,
Yeast
Fish muscle Auxenochlorella. pyrenoidosa Auxenochlorella I.Jyrenoidosa extract supplementation replacing fetal boiv‘ine Dong et al.
cells serum for Carassius auratus muscle cell culture under low-serum conditions (2023)

. Chitosan/cellulose-based porous nanofilm delivering C-phycocyanin: A novel Park et al.
cach2 C-phycocyanin platform for the production of cost-effective cultured meat (2021b)
oc Chiorococcum littorale A circular cell culture systerTl using rmcrhoalgae and mammalian myoblasts for Haraguchi et al.

the production of sustainable cultured meat (2022)
C2C12
Pig Ultrafiltrated extracts of fermented okara as a possible serum alternative for cell Teng et al.
. . Fermented okara . Lo . .
immortalized culturing: potential in cultivated meat production (2023)
myoblasts
C2C12 Muscle cell proliferation using water-soluble extract from nitrogen-fixing Ghosh et al.
QM7 Anabaena sp. PCC 7120 cyanobacteria Anabaena sp. PCC 7120 for sustainable cultured meat production (2023)
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(Kulus ef al, 2023). A4%9] 728 A5 Sleh SA20t e 712, vas 24 2 24
Agto] WA, olo} o] thok A/ WA HE Tesh A BRI P SRR
Hjol&7 || 2E 8851 Alo| 9-851CH(Hadi and Brightwell, 2021). Bogliotti ef al.(2018) 4 o}
LS A, S, Rt 23} Hoke7 s 471408 SPgAel s F4jo] Al
A HE 7t Z71817] W2 7] ehefel Zgelet Busigict. et upkme] 4uo] Fof vl
271439) A7l ofelge] ZARHL, MolE7 S 13, HiepAly| DR ESo] $55] the]
S43} ~80] 451 thsst Al FFY e EaXdo] QFEHReiss et al., 2021).

2. i ML ARl HERIXt

AEfjoFdH(fetal bovine serum; FBS)2 LARE Q14149| Hlol2HE S:&3l0o] Hojz|= JAEA
H3AR o282, A, AR, ofn|iAt Fo] FHotA E018lo] AlZaiS 7leoA HHFo=s
ARRET Qth(Lee ef al., 2022). FBSE A|ZE Habsiy A& 9 92)A]7|1=d] ufe- Gu}dol gt
(Kim et al., 2023a), Andreassen et al.(2020)2 B3] H|R4 71202 Q5| MEufeF viR] ZA| H|-8-9]
oF 95%7HA B 4 QIHfal Hsigitk olof wet Hiokse] =& M F4EA "ot
(Celebi-Birand ef al., 2023). At & ZF FBS 7182 9F 300% SVl $YA9E, oFR7kR] Af|32ufoko]]
A9l a-8/do] $3t FBSOf| 2JE3s1aL Q= Aol Lee ef al., 2024b). HIYE2] AIISHE A4
o5 5] flelAE HidsS AR Bl E-C= tigAito] 7isslof s17] wiZo] A HHEF,
W, 0 52 o]85te] A% 7Ks 84 o) WX AAKHE A7/ WSl QIckFlaibam
et al., 2024; Park et al., 2023a).

B2 7igsket Qlof B4 thA BiA] AFAtol] =5kl QI| Aol led A ARt
(insulin-like growth factors; IGF= @2 HiR|2} FARE 125 71411 Qlo] @4ES A7 0F fiA|
SH= 2R REA|RE ARRE|0] 2TKTrinidad et al., 2023). IGFOl= & 709§ IGF-13} IGF-27}
EAsh= ole2 AlES] AT A B Adsol S835H| AHgstH, Qe fARE 25 T
11 QI Venkatesan et al., 2022). IGF-12 A2 9] SAl1} B3lE nT: gildog ZXsl=d),
ofefet 34 271 AT F 1] A2, PBI/AK 229 MAPKERKI A28 59 Al Aol
UZHECKYu ef al., 2015). Ahmad et al.(2023)2 IGF-17} 29429 SA12 avfz oz &5}
A7l 259 AT G0 F83 AT ol 99 SEAIE FAl0] thet AtollA] IGF-19
§30] 371l wet 2EAIE 5 T3 SRS HAlsHA] IGF-10] Al3Lo] A1} AjAgof
a3t 719E 2tk AS AlASEITh

C-H|AI0Rd. (C-phycocyaning C-PC)2 3 DAZRS ATS 2ol 538 S84 2
M S oF BEAS ) AASE|T SIcKRahim ef al, 2024). DA 2o vl o]
Qi O] S~10871 37, oltsigts TS 159 1 7] o] SAERE A8
vl FBSE QI3 Srelaiel B0} BeFIR TS 25 e FUS AT 5 Slckamanaka
et al., 2023; Yoo et al., 2020). Park et al.(2021ay C-PC= A|3E ¥ A] DNA £ gHlo]gA,
S5} 59] 2482 S ofelth 88 VMO ofF ekel RUL AGTH AE AL A
AollAl IGF-13t C-PCE Z7Fokal FBSE 5% st Al A[EZ} FBSE 10% Rt Al AJE
uje) AZS] w3 SRRt e FAtEelgichy HIRKATh Levi o al 2022)2 olelet B4
AREO] Fae RS AAkE AR vl E A& 7hsslA FHoEA ARRigle] o] F Aol
2 st

3. Hige| MY
WHOS Al 520 SIEshe 291 % Shiz PR e AP, 712 Z4L 750
B3 B7) I PIAS ASSR v Wioko) A9 AE Wik 34 F FUAES A8 Slot
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272 HaToRA Bilsie A 08T S Tet 2 YR Muntcanu e al, 2021), S
ZZYo]| 5t A7} QL AJHf 3FekS 9= 0 Aofat 4 Q)7 W] AH|Rke] A7l et o
FHE {22 4 AtHBryant and Barnett, 2018; Rolland et al., 2020). 134 AR &2 AAHS
s} 7148 olgdt Aol tigt 2L AT 9] theo] Helsom e 40| ofd wloksl
et ARS 7L Sl ol ARARES] ) sl AR AE 7S 4 QTtHHwang
et al, 2020). A} Po] TR FABL AN T SBL AR L4 I AS
Al 24 A FEFS 7HIL QIARE AER 34]0] AR = ERIoA o]ejo] Hrj: #4o]
BT 4] AV BEES Aol o] WOl 4 %S AoIck(Sidiqui et al, 2022). B
BIoE] o ke TR cpiAlo] 7R b AIR] AT} TS WIS 253 ok,
F219] 2715 AA| 1719} o] A7l Aot Liu et al, 2022). TRE HiFF S4]0] 713t Al
@& Ao &3} /i, o] FEN A¥e B HIEEA HlelYAY M 52 B3l el
HAs ¥ AAIHA Higs Ae ol A&71ESHeS dfioF SH(Albrecht et al,
2024; Kamalapuram et al., 2021). T TFE S231 ZAl= Bis BAE 28 59 747 2213 of4]
TEEA ZEE HiRS AR AE QP QlFol AF 84E IHREI Qle Zo|thZhang ef dl,
2020). Verbeke et (20152 AHIRFSE. Wokgo] Qo AH7E HEat AEATe] Tlo} BAZ
Saet 2 Sk FRUA SHHE IR, SHA 4G B ML T B
A Gedo] digt = ujke-S T Y gttty Hustnt olggh A& QFA Q15T 2L 1A
AR S A, AR]A o R T 2|4 a3t Ao disl A ke Asialeie thsA o]l
wlelto] w2 FAElolof HckManing, 2024), TlehH Hlek%o] BTjE0 R AHESIE)] e
LA 4% 9H A3 B4 B g2 34 Acde BE Rl wastin B

. A=d tixl=s

A A AlE0lA TdaES FE0t0] 17]9k fARH O, FH, Zxto s ARSH AlFoltt
(You et al., 2020). A5/ THIAL 7}Ao] AHstal & Tl TS 7HA 1L glom +3 33l
ohu] Ak AlFoE] wizel vl T Ao gx Hgtehe, W ST, thF Tl 5o] AEA
A2 Alzohet] = AR t(Joshi and Kumar, 2015). 1900t FHHE 424 Tl
= ARBEE AR 71e0] Wsl] AT ' SRR 54 179 22 A7k | Alojgtt i
£ ARSEE FRe) HlH| 5ol tiAlse s 2 ARE S0 Al AR, A, nE LR}
FFEY, WolelF B AFSEIT Ack(Bohrer, 2019; Zahari e al., 2022). 1719k AR A7twt
W2 E4e 7M1 AEA diAle2 Aostis AHRRES] 3ol B3 a4, 2HelH, YA, 3
S TR FEoE JEE Qlow 117]9] e Ty} o] falEn BHayEs T i
ol oRF ol 224, AR O 55 Fiste] Alxstal {ltk(Kyriakopoulou er al.,
2021). E3F AEA HiAS AR F A719F AR A3, ), A UEi7] fis 23,
Zo|gHA| (A4, 0 5), IAAS H7Fel|E SN Tang er al,, 2024). 19559 w2l A ek
Zof| gk Eoi7h H &= WY=L, 19609 o] F2 A&H o7 JAsfot dA) LA, £, o]
of, @= 5ol A A Tkl §lom AFRIA = A& tiAlS, 8AE, 97 52 W=k
o] 2021 dXE 20224 Alo] 9F 20% Z713F 20 & UERGTHCosta-Catala et al., 2023).

¥ 39] ST Eo] AATE L 7] whizoll S7Fske QlFroll ] PgH o ® Tl
3 zF £ AEo|tHMessina ef al., 2022). E53t D4 ofu| LAl HEl oY A<))
bt ] 733} AY FHof Hofsts oaEelEe] 7IRRE w2 IF7IE 7HIeH A" 7L
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& g2 AHE e, tiF S 7R AES F5E5] $71510] oF 10,00071E HolAd A7
O|tKCai et al., 2021; Zhu et al., 2020). PF2 = AEY dAS2 A9 g=5 227 Y
EHAHEC] 7] wzol A SHAEE FAE Ao Wil AU Buke oshs
5 A7) 895t a7= wHchBakhsh e al., 2022). Caponio ef al.(2020)2 HhFE 715-EaH<
f L2 #HElo]= JAVPGEVA(lle-Ala-Val-Pro-Gly-Glu-Val-Alayx= @9 Y SAHES ZAA71E
289 5hH, TZHAHEEZ IS o= 3 Gyt i Thio] :mehy Ahe Aok
g A9 t 23} A% FHAHE $A7F 123 mgmL ZFASITL Harsto] i whEld
A7 7167 AFo =M Agohal J=3EI3I Kang e al (2022 & £AA]9F B TiES
7R AAAE Blagt 2 RS H7IRE 2AR00A B 484 DA R QI8 f3leo]
T F AAAED AR 25 HAAL, AR 22 s gy} 7aago] 54
Eo] e A7k Ho7] weol SAlEolA i Thido] 1719 g2 Al 4 Utk

rO

o

™

>,

>

Ql

o

R

> 01%'

9 TS WIS 3 HhEsto] vthild i Ais AAsl 2ejd il o=
=2 FEES 7R 1 9o Al =4, ThAEL 5ol ARSETKSchopf ef al., 2021; Shewry, 2019).
ol el Ads Gkl Qe U SR8 4% AE SV SFEdY Sgord e
& o]FolA Qlof thAls A Al 7HElo] ARRE AP QLS SH(Zhang er al., 2023). 71
U Sun et al.2024)2 W FRAL G0} o] Wol A Alklo] Hgsp] of] uhEo
pHARIZ T FAHE 2Rt AATE &3 @ SFH9 §oie} B S7HA diAls2
AR AN 7= S AASHITE Hou ef al 2023y 81T 9451 A 7w Ad He| dL8at
g 254, tiF $ES AREsto] tiAlsE BAksl] 2Rt Al Adstlet] B 2599 o
o] F7H cAl%e] 494 F20h AT i) Fvlsglon U Thee ke B
AT} R, A9 T2 AT Busl] S S Alen Bag U 2 g
o) Ade v Attt

A8 e BAolRNLE 5 712 wrt w2 H3E gk S Ad Ite] AR & Sl
Ao FREA Bro] wiel 4183} OloREO A8 % QIEWei ef al, 2022). T AAHOR AR
4 b= HALE oF 2,000F ool glo, AGHAS UE FEiY AlFCR wfisty] {Is) Agaricus
spp., Pleurotus spp., Lentinula edodes X Ganoderma spp. 5°| U0 =Z Aui=]L It Mahari
et al., 2020). AL F2 Auut opoflx] Sto] 7Rsslar A £t et w2 8RS 7HA]AL
Ronl, He FUONE AT 4 ol A% 7L sk AEoltkPérer Montes e dl,
2021). WA= gy 2491 i, gelo|t, vgl, EFjApletelt, EdH)s, ok o]
£ Ay, e2eols Sol Exal] sk B Reloleia 75S T Qo AEes
75 QIe(Sun er al., 2020). Yan et al. (20232 WA AAES GA5H| Qg A1E HEA,
S5t ot Fulg maeh o} HE AEL o83 S Saol Bu) GARA AL,
FAPIeE 1719] ofnlilal tho] $AfE SRHIIESS 0|84 Ao TeT 4 Ity
RIS A SRS ol G FAR: 2 T, AERA FjHlon 7450 o
BT S U ML 9lo] 1 A AgEAL O, DA%, 3] 58 Y 4 9t
(Zhang et al., 2021). WA 3010 AR7-Y 7= T S0} 53g0] Al Hie|F g2 e 2
AFE 2ol AFol|R} ek Zgo s, J=9] 71 Marlow Foods Ltd= 1895 Quorn©|
ghe Beles wAl 7 ARS ARG o, @ nle|Zxgd 7|5t AFol=, YA, wiE 59
AES Hofstal YcHPark ef al., 2023b). Shahbazpour et al.(2021)2 U] ZLZES 713t £A]A]
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Fig. 2. Schematic diagram of (1) low moisture extrusion, (2) high moisture extrusion, (3) conical
shear cell, (4) cylindrical couette cell, (5) ohmic heating.
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T W0 7 $ATelE ARSSto] 2 50% oVdelM ddske AR eEol o IR
A& 95 71 wo] AREETL Qle= 7]&o|t(Cho et al., 2023; De Angelis et al., 2024). Choi
and Ryu(2022)= Ao, A2 A2 A=A diAs2] olskehd] 42 Blaet AoA A
ASE WF-S] 57150] Bot AHA] 2 F25 YL IR diASoA = 11 dttelo]
ofgf Pt A= o] ARt 25 ekl At aaE diFlsold A, S, 2, 2%
AAF7E 43 £AF Hol I 0] T 8857wl HAlsii:

At AE 762 75 e 723 8-S 7o s Ade] 558 HIAA Ad 125 A6t
< 7eR AT 2ket £ 2ES 59 AR F£E5 v A o Ak(Nowacka er al,
2023). S HEFY A A FH 24EFY FolE A F FF7F EAM, 14E d 4B
o &, 7HEHo] Stk Sht HES} YR 9 Alo] Sl EAskE At (shearing zone)o]
23} 424 Bobd 222 W ot AdEe] o) 44 727k do] Hole 119k AR
22 7FAA EckNowacka ef al., 2023; Su et al., 2024). Krintiras ef al.(2015) FLo|E AojlA] T
chiidat o SRS o849l diAleS AAtshe Adold 374 ARE 15E, S35 30RPM, 57
25 95C Z7oA] /et AAF 0= HHEAo] 1 Ak HR-d B/4de HlAL oA Al
7F 3719k frAfete] FOE Al 7o) e HiAkee] Aol AR Bl HAsiylnt

Ohmic Heating-2 electro conductive heating, electrical resistance heating, joule heating®]2}11 & &
2o} AF0] ARE A AAEeR dLsHA 7HEAIPIE AR7] 719k Z1so|th(Varghese ef
al., 2014). Ol5olA SRE ALoA detoh=t] A30= ARGESIoH olF SAIE, T, ofdf
59| AR TR, Aetshed] AR AL AL, AEe] S0 W 71 AR St S v
4> 9l o]Ho] EAYs H(Jaeger et al., 2016). EFF Jung ef al(2022)S % FAFo| 7hcksla, WlE
SEASES /A3 9l Ohmic Heating 7150] 212 diatchl A2 dilge] 282 23X
70 W19 2AFE FAT 4 Y 4P 7162 Ago] ZHsstekn Huskgiek Chen o al
(202312 W SMAL B RIS APAlo] Ohmic Heating H83194S f FLUstL £ UES
7V 27 BT, e, S84, B, F=rh sl Wge] FEgion], el Ful
£ U= 524 B3] 37k5/0] Ohmic Heatingo] A2 thAl&] Tzoh $u18 Z2471er] &
olttar Harsigiet vkt 7Hs 71469] 2 AR o5 ol &sto] A5/ tiAlSS AR Al
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Food= o H2|80l4 531 182228 0|85l 127]9] 1 92 vhEoldl #A mjE= 4]
B4 QA4S AR A&715A4 7} S AASHITK Arora et al., 2023; Muhlhauser ef al., 2021).
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Table 2. Cases of producing plant-based meat analogues using advanced processing technologies

Pros and cons of .
Plant protein

Technol
SCAnoIgY technology
Pea protein,
Amylose,
Amylopectin
Soy protein
Pros: Dense fibrous .
. . Pea protein,
High-moisture structure Peanut protei
extrusion Cons: Short shelf life P . n,
. . . Soy protein,
processing due to high moisture
Wheat gluten,
(HMEP) content Rice protein
(Choi and Ryu, 2022) P
Pea protein isolate (PPI),
Pea protein concentrate (PPC)
Soy protein,
Pea protein,
Wheat gluten
. [LMEP]
Low-moistur .
o mO}s ¢ Pros: Easy handling,
extrusion . .
. long shelf life Soy protein,
processing
Cons: Expanded Wheat gluten
(LMEP), structure with porous
HMEP P
layers
Soy protein,
Pea Protein,
Pros: Formation of Wheat Gluten
fibrous structure Soy protein,
Shear cell Cons: Testing is limited Pea protein,
to laboratory scale Wheat gluten
(Krintiras et al., 2015)
Soy protein
Pros: High efficiency in Soy protein,
converting electrical Wheat gluten
energy into heat
Ohmic heating Cons: Insufficient
research on producing )
meat analogues Peanut protein
(Jung et al.,, 2022)
Pros: Unique fibrous
structure
Freeze Cons: High production Pea protein,
structuring  costs due to high energy Wheat gluten

consumption
(Du et al., 2023)

Title References
Protein-amylose/amylopectin molecular interactions
. . . . Chen et al.
during high-moisture extruded texturization toward (2022b)
plant-based meat substitutes applications
Mf)rpho}ogy d.evelopment .and flow characteristics Wittek et al.
during high moisture extrusion of a plant-based meat (2021)
analogue
Water binding ability changes of different proteins Hu et al.
during high-moisture extrusion (2024)
Structure, texture, and sensory properties of e
. . . Pori et al.
plant-meat hybrids produced by high-moisture
. (2023)
extrusion
Understanding protein functionality and its impact on  Flory et al.
quality of plant-based meat analogues (2023)
Comparisqn of t}}e physicochemical properties f)f Choi and Ryu
low and high-moisture extruded meat analog with 2022)

varying moisture content

Kollmann et al.

Effect of mixing and hydrating time on the structural
(2024)

properties of high-temperature shear cell products
from multiple plant-based ingredients

Effect of fiber properties and orientation on the shear Giménez-Ribes

theology and Poynting effect in meat and meat et al. (2024)
analogues

Enhan?lng texml properties in plantjbased meat Dinani et al.

alternatives: The impact of hydrocolloids and salts (2023)
on soy protein-based products

Application of ohmic cooking to produce a soy Jung et al.
protein-based meat analogue (2022)

Influence of ohmic heating on structure, texture and ~ Chen et al.
(2023)

flavor of peanut protein isolate

Structuring the meat analogue by using plant-based ~ Yuliarti et al.
derived composites. Journal of food engineering (2021)
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Table 2. Continued

Pros and cons of

Technology technology

Plant protein Title References

Pros: Micron-level
protein fiber formation
Cons: High requirements

for protein solutions,
heavy contamination

(Wang et al., 2023)

Fiber-spinning

Pros: Control of fiber

structure arrangement

and distribution of

adipose tissue

3D Printing  Cons: Plant-based meat
analog inks are difficult

to extrude, making it

difficult to mimic the
texture of animal meat

Developing soy protein-based analog meat with
Soy protein improved nutritional, physicochemical, and structural
properties

Joshi et al.
(2023)

Rheology and extrusion testing to develop printable, =~ Wang et al.

Pea protei ~ imi i
€a protein print process-optimized formulations (2022)

Improving the functionality of mung bean protein, Chao et al.

Mung bean protein, wheat gluten mixtures, and adding L-cysteine to (2024)
Wheat gluten improve the quality and sensory characteristics of Wen et al.
analog meat (2023)
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Boston Consulting Group®]] W29 thA)] A& A2 2040 Z71A] 2,900 G0 =Ed Ao
A AF Aol AdAstr] el 1719 AR 7HE T 54 EAS 2 tiAlSS A4k
Zlo] FHAo|tHManingat ef al., 2022). FA ThRE A1E4 tiAl8o] vzl Tl zplo 2 AJFsta

ﬂ'F

Ao G4, T AFo=E 17|15 HFCHA g AHAIAZIA] AP S 4= Slof wi
HHE Ao 2N 28 F7P7L 7IthEeh MALZ D4 ofm|icAl, B4 AL BlE, vvE 5
FEA7E SR i FFHo RN, AAEG o w2 Tl Aito] 7hEet FARIE S8t
AS2 A1F AFAoIA 9] 17 4 S 9o, 71E0] AlEA tAS] AREE YRS
HASEAY e AJAto] 7t 484 A=A 58 QITKStrong ef al., 2022). RS THEiE

ato] 7K5e FAHIE o}l A hAl%S Apichd 1ok AR st A A4 vl
S A RS Bo) U AE o BAZ 2T 5 %S A0R BaEth Meille o
dl Q03 B BE ks v 5o S BAY iy, NEH A% 59 A48 A
T A% TR AEOEA MY gL AF Aol ZA 4 Aoletn Husient

V. OJ2f THE XHEo| x|

nl=of A= o o]l AREEHY gl A= Aol A1E AAtol 7471 fIsliAl= Food and Drug
Administration(FDA)2] Generally Recognised as Safe(GRAS)Z H7} 9 5Qlo] W Q3}7| wj&o] 2]
4 HA o] ASE diF 2259 fIs|RIERIE SA] A GRAS B7F E 51 Wkt
(Kolodzigjczak et al., 2021). ¥iFS-2] 732 United States Department of Agriculture-Food Safety and
Inspection Service(USDA-FSIS)7} 2ds] 4 7i RUEF IS, FDAZ} AIE T 23S 486}
= IS AelohHA] AEQA tis] FASk AthKotodziejczak et al., 2021; Lee et al., 2023).
o= AFA 1717F SREA] Rt “AEA” B “BlZrolele HES 2ol AEA diAl
SOl 712 4= AW w2l SHeAE R Y1 €Sl (Hanwoo Board)oflA] “57oleh= #39] 5
2 FAE 5= S EHol o, oo Tl Ministry of Food and Drug Safety(MFDS)+=
20230]| “§7olehs HES ARSSIA] ZSHEE A A5 A 710|E 2Rl ASIATHMEDS,
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2023; Park et al., 2023b). tAS2] 483l Qlo] 71& S4HY FAREEo] Hildsa} A=A diAlS
AlFol| “&rolghz &o19] AR FAISHAL Ql=H, 2018 A0 SoiA =, FEolA= AlE4 tiA|
< A7l 1717F 7k o] Tkl Q8 o Sl “AH[0]A”, “AAA"QF L2 HES ARSI
Zo] SR wizol thAfleS A, J82lstr] fleide FA] ARSI At Fels
o]Zok & Zlo|tiLee et al., 2023).

hAlS-S Aol 7k Tl mo) MEe AlES] Wed S/ 9 RIALL o]
2= 1719} GARE 9, A7, FulE Ysle AHRe] 8o} A AE] mio] Ygo] M=
83 A ejARto K Fiorentini er al., 2020). L A2 AlE0] = AMEIL Q= iRt B2
Y 27] ¥ 4o7]1, 9 FFHS 58 EHSo] U= AlolA A7l g 76| WE
o Bt SFHlo] T AR AHIAY] ASEE WE 4= It Szpicer ef al, 2022). EFF A2
Wl B A 4 Sl 318 Aol TS 7180]1 Sl 7, A dARIE tiAlS
715, EHAE T U ARIAAE A 5= Sl 3Rl X1 AR &8 77 ASStaL
QAT oA A4t THgo] ERekal Ak Blgo] &7 whizo] AiA o g AREE7] AsidE T
71&el tigt 37 A77F DR_3FE AAoItIm e al, 2023).

i

V.Z 2

A AA) 77t Ak F7HgeN whet BB AEC] 28 71 YA 154 9l
T 57} oo vo) ARA R AT AP 715 9717} el upe} mlhe] Al 3=
2 BN R0 AP ofo] A 53t AFoTA AR B AT 4 U WS,
24 YpIgo] e kil Aelow FET gic vle) Th AR 71E T7]0] A B4

(A3 &0, 99 )T FAH BASP] A daet 7he71ed] AEe] Sasith Hae
7Ho] AF oA 5o ftsfof shal, tidAte] 7 w wH S 2o Akiert

7Fs AL A1 7Hs/gdo] BT, Jeu o4 thiAl&e] e SA3 QbdAdell it ¢-27t 4
HIZES] 845 WEA7]A] Foke AAol7]of 7 Wil Hieh Aot dme] =4 =, dHEA
=2 5 A Higt 371 dte] ool tiAlge] s FIAII7] A8 8= Q. 4|
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