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Research Status and Prospects of Artificial Meat Technology

ZHANG Zhixia', MA Xinmiao', XU Hui', CHE Lina', LI Yu', WANG Wenhang’, WANG Nan""

(1.College of of Biological Engineering, Tianjin University of Science and Technology, Tianjin 300457, China;
2.College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: The continuous growth of the global population has led to a continuous rise in the demand for meat products.
However, traditional meat production methods are unable to meet the huge demand of the people, and also bring about a
series of problems such as environmental pressure, animal welfare, and so on. Artificial meat technology is expected to
solve these problems. At present, artificial meat can be divided into three categories: Plant protein meat, mushroom protein
meat, and cell culture meat. This study mainly summarizes the production process, advantages, and market prospects of
three types of artificial meat, analyzes the difficulties and technical challenges, and discusses the corresponding
development proposals and solution strategies, with a view to provide references for the research of artificial meat and its
industrialization.
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Table 1 Development history of plant-based meat products
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Fig.1 Production process of plant-based meat products''>'*'*
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Table 2 Seed cells that can be applied to cell cultured meat
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Table 5 3D cultivation and tissue shaping technology
L S Jik R Pes
e DT TR R TR AR Kb OB R 1S RSN R TS

M THAFPCREEFR N
 FUH3DITERHLAGBE A TENBESK, H & an i A
3DAEWHTENT ™ AL A=W 88K A T AT, JF il i
[ FRIE TR
TR LA FH o4 R IR 45 o SR I A — o i
e LSk, TR GO ANZT 4, BB 5 HE
AR HER TR AR LT 4 R B 75 T S 4141

AR TR |-, 000, B RE
AR, Im 2 AR

25 2410973)

FrIEgER

REEVILEZ i % el G ey
i, Qﬂkxﬁﬁﬂﬁé)‘lgﬂg 22 E M

AL, F B AU RV B AR ER (A A-
MA) . R NBRAE R R

T A i TR, dn]
JBe . EFHER | ACHRA R

HEYEA AN IS BTOAR, A BEILAZH AR I
A LAVE W RE A ARFIAL BN, R (37
I oy BEARAEANAE AR S35 AT LA 2 22 AR
Py sk A RHRI ST ED
SRR BRI AR AN E TR R Y
Ik B LT AE AN 22 HF5 — 30, A7 B ek
UPET 4RI K

B MM AR, Jor B A T ALY 5
HUEEE=AE

JAS B ARG, I L0 AR A A [R] A 3473
TR TR ARG R, 3D FTER5 AL TS AL 52
Yoy A MR, i ZEAE RS2 2 ) 3D L8V A | AN
BEDIAL, M SRR B R GEAF A A T E R EOR
FERETH  AH TR S BB AN SR A5 2B SR Y
T, S AT AT S A AP AR 55
PASS-R2 SO0 REARE )RR IS EX7/F vy 2 R Py il i S 2 5
PARPZEHY, B A i Cel % i oA i das il g b
M PR AL Bk =, AT P2 ZHZV I REAS ) il
H I _E GRISZAKRANHOKRE A LI 25 RS BEE S
BELHLOUL, gy ] LA L i A5 20 i 4 h 36 B i i ok
A, YRR IO A MR nl TR AE N T = 5,
AT AR E S nT LS S TR AR K R FJ
3.2.5 HORPRER  FhT ARSI IR R ey 4
TS W O 18] R O RE ) 2 A % 37 P ML L
Azl AR RO EELROR AR . BRAR AR O RE IR I Y
MR HAATRGR A A FEFTRE ST, F H T AJCFR M2k
Ziord. Zhu SV W R BAE R IR R S IS R Y
L-DUR IR 2-B R REAE PR A LA 53 AR iy [ e Ty s
MG SE . DA, A TEE 2 Ao L R M A K A
A ARZEXTHITTEN G I — Ik R

T 7 PR AR 2 % 57 R RS A = T I ) 2 22
SRR RIS AR IR A B TR AN S A
Fogrdk, HATf b liANm 55% 2 95% LI BN,
ML IR LA™ R ST AT 19 55— PR Aot T4k
AR RO G R . SR UE R TR 2
RS {25 [ PR AR I 5 7 PR A B — A 28T 79,
T3 —FREEAR A ™ A B 7 1 R EA b 37 3 A
FRA A S, Gl A P ELRO AR Qi . drfite bk

F L A TR AE KR, YA R SR
RIS I, T SRR SR AT T A
D) HESU a) S5 R A B PG P S B TR LA,
AL — AT

2 I 35 TR A A2 7 1 PR R S Y B AN T,
— R PR ILATEE 35 BRI, ISR . —
JBR DB IT AT PR, H— 2RSS R R R3S
LR & BRI ARG, AR AR TR B Il
LU ANS AR BN A s ER o X ek
PR RIS UM BIEAE, PR I A KRR
RN IPRI ESO S E 0

FASACAE 7 1 T2 VA BEAS M AN 5835 45 1]
U BRI TR AZ B o 3 D BRI T A
AR R RS S AR SR, AR S N s n] R
—A=MEEsal, [ SRS YR R N EREREE, AT B
RHREIEFR, IR SE i AR P A 52— RLAT
Aoda ], R B AR RO D3 A= BIAE Y 2
JHS AR A 1 B SZARAA R A M7 57 AL T F4) SL—
XERSL, AR 5 A SCARANIMAS A n ] E S 2R AR A
FEHDR T KB S A LA A UBPEAS JE R, (e itk
WUAHZUIE R, [RIET AL 3D LA A
T BAA—E R R R E S e r A
33 WERARB SRR

FIfL4t & HOlkAH e, 1537 P a9 T RF2eth: L 6k
ARSI RO AR, AR SR AR BRI
I E ALY B S RE RS T R AR L L, XS IRAORCRA)
A =, I HoaT LA L5050 | & k& iRy, s
A OIS - B IR A R, B KA BT IR Al
H, WA 35, AU IR P I il LA T8y



CHERE R VR ] IR, 4F: NERSORIIBTEINR KRS - 423 -

AT IR & & W FIR TR i, 45 T 1H 9%
HE 2P, FE RN T A, QiR IRA
BEVE D S EaIE LU S B IR PRSI LSRR, Jd Pt
WX A 5Em

55 T AR5 32 A BB AR ST, AHSEEAY Sy
77 B AGTE S S BTG S0 K RS ZEE
EZ . DI@FFSEEE, T —Een] D22 gn il 5%
PSR RO . 2020 41, EBR_E S 4R IR AR
PR R EEN TR 55 5K, #BE 2022 RGBT
100 5%, HiAh S& FEURIRK W8 ZE AN 357 R P 80 i
Yoo SHA, DAASFINE I Y2820 Wl o iF5E Fgn
% 3% AT S 00 & R Al T EE R STEREY . 2019 4R
12 J1 20 H, S — KRR A P & 2w
FASRE R T A, 3O TR E AR IR AR E
AR L | AU BT R 0T AN = AR HE sl Ve
JHB, 358 . ZEAR N . PHW ., Migros B A% H B qf
HRIE TALGE R T RS SR, A Al fi TEE 4n
R FR RIS A = PR T K ™ Pl
FRAE A% T B SeIE | AR = &Y, A2
I R IT A TR AN B 3= A s T & S5, (A 7E
Kok, MR RMA Pl B GEE-E B —FE BT E
i b, E e ST SR ),

4 RES5RE

N3 AN R TUARH H 18— R SR
IrE, ARG RIS E - SEONEEE . . &
2 SN A A ] B, BAT T W T A s A E
KRR T . R UAE NG RTZERDIL T3 L E
15T BRI R, (BA) Y5 SRS 5T DA H BT RLEHY
PIZEEE 0T . R A 1038 3R B4 4H AT R s v
FEME -

E AR S5 A PRI T T T I 4 e A T S
SR AT AR 22 A, X b et S AH DG Rl vy
TF 5% AT BE i R A5 2 2035 5 53 SMUF 5T IR ST £ 4k 4%
Fa) . G5E BB R RIS AL B A5 T v ok el RAS W) 25
FIZt gl Rt E— R R IT ] . FLEE P s il £
JHE ST, 3l i TR A IS IR A v & e, 2
I E AR P I T AERE, MR R E A
AR PR 2R AR FL PR ISR (IR T &
UM T mIA . AR AL TR U O BRI
BIPKF 18 A 5 it B SR B AR B 11 [ R o 2 T v 7
] EFXTAHAES IR P &, — 7 G LI 58 o B
PAn T TR A e, 2B BRI A SR (B AR5
PRI 53 AR E R 43 ARE ) Fh - 4, $2 i 4 i g
AR RCE IR — R T ] o R E EA TRR
AR ZEPICTFEAR . GUIKREAR . 3D FTEIEEAR | B0
BRI | WG9S A R LA K i G5 22 5558 2%
REGEIE, Ntk Ry AR i sl ) o

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S ik
[1] Food and Agriculture Organization of the United Nations.
How to feed the world in 2050 [R]. Rome: FAO, 20009.
[2] WARNER R D. Review: Analysis of the process and drivers
for cellular meat production[J]. Animal, 2019, 13(12): 3041-3058.
[3] WILDING M D. Textured and shaped oilseed protein food
products[J]. Journal of the American Oil Chemists' Society, 1971,
48(9): 489-491.
[4] POST M J. Cultured beef: Medical technology to produce
food[J]. Journal of the Science of Food and Agriculture, 2014,
94(6): 1039-1041.
[5] ToA, FAR FALE @RERNHERET LA ES D
B[], F B A & 4 4R, 2022, 22(12):33-41. [DING SJ, LIC B,
ZHOU G H, et al. Cell culture meat technology and industrialization
progress and challenges [J]. Chinese Journal of Food Science, 2022,
22(12):33-41. ]
(6] M, ARG M, F 5, F. &0 AEEGH &AL 5 AH
it R [J]. AR 4 4R, 2021, 28(6): 188-198. [ CHEN H Y,
LINGHU C L, LUO 'Y, et al. Progress on the preparation and appli-
cation of edible fungal protein[J]. Journal of Edible Fungi, 2021, 28
(6): 188-198. ]
[ 7] BERGER R G, BORDEWICK S, KRAHE N K, et al. Myceli-
um vs. fruiting bodies of edible fungi-A comparison of metabolites
[J]. Microorganisms, 2022, 10(7): 1379.
(8] Bk M &G AaAFRLILAK[I]. £ &% T4,2021(4): 33~
36. [ XUE W. Research status of plant protein meat[J]. Food Engi-
neering, 2021(4): 33-36. |
[9] Mg &5+ (M]. ki B 4% hia4t, 2012: 38. [ TAO
G. Qing Yi Lu [M]. Shanghai: Shanghai Ancient Books Publishing
House, 2012: 38. ]
[10] KINSELLA J E, FRANZEN K L. Texturized proteins: Fabri-
cation, flavoring, and nutrition[J]. Critical Reviews in Food Sci-
ence and Nutrition, 1978, 10(2): 147-207.
(1] Fmd, #Mpra), 465, . AT A Lotk U], 2o
I ,2023,44(4):247-252. [LIS X, SUNB J, YUAN W G, et
al. An analysis of the research progress of plant meat[J]. Food In-
dustry, 2023, 44(4): 247-252. ]
[12] DUQ, TU M, LIU J, et al. Plant-based meat analogs and fat
substitutes, structuring technology and protein digestion: A review
[J]. Food Research International, 2023(170): 112959.
[13] AEthae, #UEZ, 5050, 5. A AR BT RTILR B 2R 2 [
. &R 54, 2022,43(6): 190-199. [ TANG W T, YU X
Y, ZOU Y, et al. Research status, challenges and prospects of artifi-
cial meat[J]. Food Research and Development, 2022, 43(6): 190—
199. ]
[14] KUMAR P, CHATLI M K, MEHTA N, et al. Meat ana-
logues: Health promising sustainable meat substitutes[J]. Critical
Reviews in Food Science and Nutrition, 2017, 57(5): 923-932.
[15] WANG Y, CAIW, LI L, et al. Recent advances in the pro-
cessing and manufacturing of plant-based meat[J]. Journal of Agri-
cultural and Food Chemistry, 2023, 71(3): 1276—1290.
[16] %A, HET. HMHEROAGFRRRES LRI
A% 4§, 2021(12): 184-186. [ GAO C L, YANG JF. Re-
search progress and development trend of plant protein meat[J].
Food Safety Journal, 2021(12): 184—186. ]
[17] Bk, #U#, Gk, F MR AmARE]. &
5 & # Tk ,2020,46(12):299-305. [OU Y J, ZHENG M J,
ZENG H L, et al. Research progress of vegetable protein meat[J].
Food and Fermentation Industry, 2020, 46(12): 299-305. ]


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1017/S1751731119001897
https://doi.org/10.1007/BF02544667
https://doi.org/10.1002/jsfa.6474
https://doi.org/10.3390/microorganisms10071379
https://doi.org/10.1080/10408397809527248
https://doi.org/10.1080/10408397809527248
https://doi.org/10.1080/10408397809527248
https://doi.org/10.1080/10408398.2014.939739
https://doi.org/10.1080/10408398.2014.939739

. 424 - Q&T\lv*’Lﬁ

20244 9 A

[18] GUBY, RYU G H. Effects of barrel temperature and addi-
tion of corn starch on physical properties of extruded soy protein
isolate [J]. Journal of the Korean Society of Food Science and Nutri-
tion, 2018, 47(4): 485—491.

[ 19 ] JIMENEZ-COLMENERO F, COFRADES S, HERRERO A
M, et al. Konjac gel fat analogue for use in meat products: Compari-
son with pork fats [J]. Food Hydrocolloids, 2012, 26(1): 63—72.
[20] A2, 24, TR, . K RinE st &Kk HEKR LM
MR G RS RAEHERGYa ] & T kAR, 2023,
44(22):52-60. [ YUE C C, WANG Z, TONG L F, et al. Effect of
moisture addition on the quality and structural characteristics of veg-
etable protein meat with high moisture extruded soybean meal[J].
Food Industry Science and Technology, 2023, 44(22): 52-60. ]
[21] CARMO C, KNUTSEN S H, MALIZIA G, et al. Meat
analoues from a faba bean concentraie can be generaied by hioh
moistue extrusion [J]. Future Foods, 2021, 3: 100014.

[22] mAa4h, 23k, ELH S MM EGNEFHXRA TS
I, &= 4 5], 2023(30): 160-162. [ TAO X J, HUANG L
Q, WANG D L, et al. Analysis of key factors in the production of
vegetable protein meat[J]. Food Safety Journal, 2023(30): 160—
162. ]

[23] ISMAIL I, HWANG Y H, JOO S T, et al. Meat analog as fu-
ture food: A review[J]. Journal of Animal Science and Technology,
2020, 62(2): 111-120.

[24] RARAK. A4 W & 7 RAT HAR R S i WA A 2 R (D).
P X AT R, 2023,37(8): 61-69. [ DAI X X. Progress in the study
of raw materials, technology and product characteristics of plant-
based meat production[J]. Meat Research, 2023, 37(8): 61-69. |
[25] THAVAMANI A, SFERRA T J, SANKARARAMAN 8, et
al. Meet the meat alternatives: The value of alternative protein
sources [J]. Current Nutrition Reports, 2020, 9(4): 346-355.

[26 ] REIHANI S F S, KHOSRAVI-DARANI K. Influencing fac-
tors on single cell protein production by submerged fermentation: A
review [J]. Electronic Journal of Biotechnology, 2018, 37: 34—40.
[27] HASHEMPOUR-BALTORK F, KHOSRAVI-DARANI K,
HOSSEINI H, et al. Mycoproteins as safe meat substitutes[J]. Jour-
nal of Cleaner Production, 2020, 253: 119958.

[ 28 ] FINNIGAN T, NEEDHAM L, ABBOTT C. Mycoprotein: A
healthy new protein with a low environmental impact[J]. Sustain-
able Protein Sources, 2017: 305-325.

[29] SOUMYA G, RUSYN I, DMYTRUK O V, et al. Filamen-
tous fungi for sustainable remediation of pharmaceutical com-
pounds, heavy metal and oil hydrocarbons[J]. Frontiers in Bioengi-
neering and Biotechnology, 2023(11): 1106973.

[30] SUMAN G, NUPUR M, ANURADHA 8, et al. Single cell
protein production: A review[J]. International Journal of Current
Microbiology and Applied Sciences, 2015, 4: 251-262.

[31] RAVINDRA P, RUDRAVARAM R, CHANDEL A K, et al.
Bio (single cell) protein: Issues of production, toxins and commer-
cialisation status[J]. Agricultural Wastes, 2009: 129—-154.

[32] MR, L4045 W EaENRAE 20Ttk
Roeh X B Tk, 2021,47(4):293-298. [LIUM R, MAO Y W.
Research progress of raw materials and technology of vegetable pro-
tein meat[J]. Food and Fermentation Industry,2021,47(4):293—
298. ]

[33] Z7 5, F53%, BERE, 5 LhEmka PRy ke
5 (3], A B R, 2019,42(3): 45-48. [ WANG G J, XINJ Y,
CUI T Y, et al. Elimination of nucleic acids from single-cell pro-
teins[J]. Feed Research, 2019, 42(3): 45-48. ]

[34] OVERLAND M. #| AT &AM R & = &% R Emueka

Fuwy A R (1], A H Tk, 2019,40(16): 60-64. [ OVER-
LAND M. Biotechnology for the production of high-quality single-
cell proteins using renewable substances [J]. Feed Industry, 2019, 40
(16): 60-64. ]

[35] HASHEMPOUR-BALTORK F, HOSSEINI H, SHOJAEE-
ALIABADI S, et al. Drug resistance and the prevention strategies in
food borne bacteria: An update review[J]. Advanced Pharmaceuti-
cal Bulletin, 2019, 9(3): 335-347.

[36] DENNY A, BUTTRISS J. Plant foods and health: Focus on
plant bioactives[J]. Plant Foods& Health Focus on Plant Bioac-
tives, 2007, 4: 1—64.

[37] &R, HiR, FRM, F LRE S LLE L IRE A
P11, 4, 2015, 34(4): 524-540. [ ZHANG J X, CHEN Q,
HUANG CY, et al. Development history, current situation and trend
of edible fungus industry[J]. Journal of Microbiology, 2015, 34(4):
524-540. ]

[38] SOUZA F P F, NAIR R B, ANDERSSON D, et al. Vegan-
mycoprotein concentrate from pea-processing industry byproduct us-
ing edible filamentous fungi[J]. Fungal Biology & Biotechnology,
2018, 5(1): 1-10.

[39] KIM K, CHOI B, LEE I, et al. Bioproduction of mushroom
mycelium of Agaricus bisporus by commercial submerged fermenta-
tion for the production of meat analogue[J]. Journal of the Science
of Food and Agriculture, 2011, 91(9): 1561—1568.

[40] SINKE P, SWARTZ E, SANCTORUM H, et al. Ex-antelife
cycle assessment of commercial-scale cultivated meat production in
2030[J]. The International Journal of Life Cycle Assessment, 2023,
28:234-254.

[41] DOMINGO J L, NADAL M. Carcinogenicity of consump-
tion of red meat and processed meat: A review of scientific news
since the IARC decision[J]. Food and Chemical Toxicology, 2017,
105: 256-261.

[42] MICHA R, WALLACE S K, MOZAFFARIAN D. Red and
processed meat consumption and risk of incident coronary heart dis-
ease, stroke, and diabetes mellitus: A systematic review and meta-
analysis[J]. Circulation, 2010, 121(21): 2271-2283.

[43 ] DUH, GUO Y, BENNETT D A, et al. Red meat, poultry and
fish consumption and risk of diabetes: A 9 year prospective cohort
study of the China Kadoorie Biobank [J]. Diabetologia, 2020, 63(4):
767-779.

[44] DOMINGO J L, NADAL M. Carcinogenicity of consump-
tion of red and processed meat: What about environmental contami-
nants? [J]. Environmental Research, 2016, 145: 109—115.

[45] GONZALEZ N, MARQUES M, NADAL M, et al. Meat con-
sumption: Which are the current global risks? A review of recent
(2010-2020) evidences[J]. Food Research International, 2020, 137:
109341.

[46] ONG K I, JOHNSTON J, DATAR 1, et al. Food safety con-
siderations and research priorities for the cultured meat and seafood
industry[J]. Comprehensive Reviews in Food Science and Food
Safety, 2021, 20(6): 5421-5448.

[47] ZHENG Y Y, SHIY F, ZHU H Z, et al. Quality evaluation of
cultured meat with plant protein scaffold [J]. Food Research Interna-
tional, 2022, 161: 111818.

[48] SONG W J, LIU P P, ZHENG Y Y, et al. Production of cul-
tured fat with peanut wire-drawing protein scaffold and quality eval-
uation based on texture and volatile compounds analysis[J]. Food
Research International, 2022, 160: 111636.

[49] BODIOU V, MOUTSATSOU P, POST M J. Microcarriers
for upscaling cultured meat production[J]. Frontiers in Nutrition,


https://doi.org/10.3746/jkfn.2018.47.4.485
https://doi.org/10.3746/jkfn.2018.47.4.485
https://doi.org/10.3746/jkfn.2018.47.4.485
https://doi.org/10.1016/j.foodhyd.2011.04.007
https://doi.org/10.1016/j.fufo.2021.100014
https://doi.org/10.5187/jast.2020.62.2.111
https://doi.org/10.1016/j.jclepro.2020.119958
https://doi.org/10.1016/j.jclepro.2020.119958
https://doi.org/10.15171/apb.2019.041
https://doi.org/10.15171/apb.2019.041
https://doi.org/10.15171/apb.2019.041
https://doi.org/10.1002/jsfa.4348
https://doi.org/10.1002/jsfa.4348
https://doi.org/10.1007/s11367-022-02128-8
https://doi.org/10.1016/j.fct.2017.04.028
https://doi.org/10.1161/CIRCULATIONAHA.109.924977
https://doi.org/10.1007/s00125-020-05091-x
https://doi.org/10.1016/j.envres.2015.11.031
https://doi.org/10.1016/j.foodres.2020.109341
https://doi.org/10.1111/1541-4337.12853
https://doi.org/10.1111/1541-4337.12853
https://doi.org/10.1016/j.foodres.2022.111818
https://doi.org/10.1016/j.foodres.2022.111818
https://doi.org/10.1016/j.foodres.2022.111818
https://doi.org/10.1016/j.foodres.2022.111636
https://doi.org/10.1016/j.foodres.2022.111636

CHERE R VR ] IR, 4F: NERSORIIBTEINR KRS - 425 -

2020(7): 10.

[ 50 ] REISS J, ROBERTSON S, SUZUKI M. Cell sources for cul-
tivated meat: Applications and considerations throughout the pro-
duction workflow[J]. Int J Mol Sci, 2021, 22(14): 7513.

[51] SEAH J S H, SINGH S, TAN L P, et al. Scaffolds for the
manufacture of cultured meat[J]. Crit Rev Biotechnol, 2021, 42(2):
311-323.

[52] OZHAVA D, BHATIA M, FREMAN J, et al. Sustainable
cell sources for cultivated meat[J]. Journal of Biomedical Research
& Environmental Sciences, 2022, 3: 1382—1388.

[ 53] SHI X, GARRY D J. Muscle stem cells in development, re-
generation, and disease[J]. Genes & Development, 2006, 20(13):
1692—-1708.

[ 54 ] KUMAR P, SHARMA N, SHARMA S, et al. In-vitro meat: A
promising solution for sustainability of meat sector[J]. Journal of
Animal Science and Technology, 2021, 63(4): 693-724. [53].

[55] PEREZ-SERRANO R M, GONZALEZ-DAVALOS M L,
LOZANO-FLORES C, et al. PPAR agonists promote the differentia-
tion of porcine bone marrow mesenchymal stem cells into the adi-
pogenic and myogenic lineages[J]. Cells Tissues Organs, 2016, 203:
153-172.

[56] RAMIREZ-ESPINOSA J J, GONZALEZ-DAVALOS L,
SHIMADA A, et al. Bovine (bostaurus) bone marrow mesenchy-
mal cell differentiation to adipogenic and myogenic lineages[J].
Cells Tissues Organs, 2016, 201(1): 51-64.

[57] ZAGURY Y, IANOVICI I, LANDAU S, et al. Engineered
marble-like bovine fat tissue for cultured meat[J]. Communication
Biology, 2022, 5(1): 927.

[ 58] MACHOUR M, HEN N, GOLDFRACHT I, et al. Print-and-
grow within a novel support material for 3D bioprinting and post-
printing tissue growth[J]. Advanced Science, 2022, 9(34):
€2200882.

[ 591 BANERJEE K, JANA T, GHOSH Z, et al. PSCRIdb: A data-
base of regulatory interactions and networks of pluripotent stem cell
lines[J]. Journal of Biosciences, 2020, 45: 53.

[60] FRERMe, FMkF5, ) 5%, . fmR0IE IR W 0 Bk b X R w7 %
1. & & 5 % 8 T 2k ,2021,47(9): 314-320. [ ZHENG O Y,
SUN Q X, LIU S C, et al. Challenges and prospects of cell culture
meat[J]. Food and Fermentation Industry, 2021, 47(9): 314-320. ]
[61] DATAR I, BETTI M. Possibilities for an in vitro meat pro-
duction system[J]. Innovative Food Science and Emerging Tech-
nologies, 2010, 11(1): 13-22.

[62] BENJAMINSON M A, GILCHRIEST J A, LORENZ M, et
al. In vitro edible muscle protein production system (MPPS): Stage
1, fish[J]. Acta Astronautica, 2002, 51; 879—889.

[63] LEIQZ,LIM, DU G C, et al. An effective cytokine combi-
nation for ex vivo expansion of porcine muscle stem cells[J]. Food
Bioscience, 2022, 46: 101571.

[64] %k, ZFIF, HiE%, & wibE AR R AR RS &
RET]. b EASER, 2022,22(12): 1-13. [ GUAN X, WANG
D D, FANG J H, et al. Cell culture meat technique: Research
progress and future prospects [J]. Chinese Journal of Food Science,
2022,22(12): 1-13. ]

[65] GUO Y, DING S J, DING X, et al. Effects of selected
flavonoids on cell proliferation and differentiation of porcine mus-
cle stem cells for cultured meat production[J] Food Res Int, 2022,
160: 111459.

[66] BEN-ARYE T, SHANDALOV Y, BEN-SHAUL 8§, et al.

Textured soy protein scaffolds enable the generation of three-dimen-
sional bovine skeletal muscle tissue for cell-based meat[J]. Nature
Food, 2020, 1: 210-220.

[67] POST M J, LEVENBERG S, KAPLAN D L, et al. Scientific,
sustainability and regulatory challenges of cultured meat[J]. Nature
Food, 2020, 1: 403—415.

[68] ONG S, CHOUDHURY D, NAING W M. Cell-based meat:
Current ambiguities with nomenclature[J]. Trends in Food Science
Technology, 2020, 102: 223—-231.

[69] KIM W, LEE H, LEE J, et al. Efficient myotube formation in
3D bioprinted tissue construct by biochemical and topographical-
cues[J]. Biomaterials, 2020, 230: 119632.

[ 70 ] OSTROVIDOV S, SHI X, ZHANG L, et al. Myotube forma-
tion on gelatin nanofibers—multi-walledcarbon nanotubes hybrid
scaffolds[J]. Biomaterials, 2014, 35: 6268—6277.

[71] TOMIYAMA A J, KAWECKIN S, ROSENFELD D L, et al.
Bridging the gap between the science of cultured meat and public
perceptions[J]. Trends in Food Science & Technology, 2020, 104:
144—152.

[72] JANDYAL M, MALAV O P, CHATLI M K, et al. 3D print-
ing of meat: A new frontier of food from download to delicious: A
review[J]. International Journal of Current Microbiology and Ap-
plied Sciences, 2021, 10: 2095-2111.

[ 73] MANDRYCKY C, WANG Z, KIM K, et al. 3D bioprinting
for engineering complex tissues[J]. Biotechnology Advances, 2016,
34:422-434.

[74] JIAO A, TROSPER N E, YANG H S, et al. Thermorespon-
sive nanofabricated substratum for the engineering of three-dimen-
sional tissues with layer-by-layer architectural control[J]. ACS
Nano, 2014, 8(5): 4430-4439.

[75] KIME S, AHN E H, DVIR T, et al. Emerging nanotechnolo-
gy approaches in tissue engineering and regenerative medicine [J].
International Journal of Nanomedicin, 2014, 9(Suppl 1): 1-5.

[76 1 ZHU H, WU Z, DING X, et al. Production of cultured meat
from pig muscle stem cells[J]. Biomaterials, 2022, 287: 121650.
[77] PARK Y H, GONG S P, KIM HY, et al. Development of a
serum-free defined system employing growth factors for preantral
follicle culture[J]. Molecular Reproduction and Development, 2013,
80: 725-733.

[78] STOUT A J, MIRLIANI A B, WHITE E C, et al. Simple and
effective serum-free medium for sustained expansion of bovine
satellite cells for cell cultured meat[J]. Communications Biology,
2022, 5: 466.

[ 79 ] HENNINGSEN J, RIGBOLT K T, BLAGOEV B, et al. Dy-
namics of the skeletal muscle secretome during myoblast differentia-
tion[J]. Molecular & Cellular Proteomics, 2010, 9(11): 2482—2496.
[80] KADIM I T, MAHGOUB O, BAQIR S, et al. Cultured meat
from muscle stem cells: A review of challenges and prospects[J]. J
Integr Agric, 2015, 14(2): 222-233.

[81] EEX. ampbsdi maT4nik K [J]. & B AR KA, 2020
(12):20-23. [ WANG W H. Cell culture is still a long way ahead
[J]. China's Rural Science and Technology, 2020(12): 20—-23. ]
[82] RUBIO N R, FISH K D, TRIMMER B A, et al. Possibilities
for engineered insect tissue as a food source [J]. Frontiers in Sustain-
able Food Systems, 2019, 3: 24.

[83] CHODKOWSKA K A, WODZ K, WOJCIECHOWSKI J.
Sustainable future protein foods: The challenges and the future of
cultivated meat[J]. Foods, 2022, 11(24): 4008.


https://doi.org/10.3390/ijms22147513
https://doi.org/10.1159/000440878
https://doi.org/10.1038/s42003-022-03852-5
https://doi.org/10.1038/s42003-022-03852-5
https://doi.org/10.1002/advs.202200882
https://doi.org/10.1007/s12038-020-00027-4
https://doi.org/10.1016/j.ifset.2009.10.007
https://doi.org/10.1016/j.ifset.2009.10.007
https://doi.org/10.1016/j.ifset.2009.10.007
https://doi.org/10.1016/S0094-5765(02)00033-4
https://doi.org/10.1016/j.fbio.2022.101571
https://doi.org/10.1016/j.fbio.2022.101571
https://doi.org/10.1038/s43016-020-0046-5
https://doi.org/10.1038/s43016-020-0046-5
https://doi.org/10.1038/s43016-020-0112-z
https://doi.org/10.1038/s43016-020-0112-z
https://doi.org/10.1016/j.tifs.2020.02.010
https://doi.org/10.1016/j.tifs.2020.02.010
https://doi.org/10.1016/j.biotechadv.2015.12.011
https://doi.org/10.1021/nn4063962
https://doi.org/10.1021/nn4063962
https://doi.org/10.1016/j.biomaterials.2022.121650
https://doi.org/10.1002/mrd.22204
https://doi.org/10.1038/s42003-022-03423-8
https://doi.org/10.1016/S2095-3119(14)60881-9
https://doi.org/10.1016/S2095-3119(14)60881-9
https://doi.org/10.3969/j.issn.1005-9768.2020.12.004
https://doi.org/10.3969/j.issn.1005-9768.2020.12.004

	1 植物基肉
	1.1 植物基肉的发展历程
	1.2 植物基肉的生产过程和面临的技术挑战
	1.2.1 生产过程
	1.2.2 技术挑战

	1.3 植物基肉的优势和市场前景

	2 菌类蛋白肉类似物
	2.1 菌类蛋白肉类似物的特点
	2.2 菌类蛋白肉类似物的生产过程和技术挑战
	2.2.1 生产过程
	2.2.2 技术挑战

	2.3 菌类蛋白肉类似物的优势和市场前景

	3 细胞培养肉
	3.1 细胞培养肉的研究现状
	3.2 细胞培养肉的生产过程
	3.2.1 种子细胞的获取
	3.2.2 种子细胞的培养过程
	3.2.3 细胞生长用支架系统
	3.2.4 三维培养及组织塑形
	3.2.5 技术挑战

	3.3 细胞培养肉优势与市场前景

	4 总结与展望
	参考文献

