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Fig.1 Publication of articles on cultured meat
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Fig.2 Research fields of cultured meat articles
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Table 1 Research institutions engaged in cultured meat research
\ ‘ wrx 0w
55 WA B AR (3£ L) A 2 AR (P L) P 8 o X ] S & S
HE/ 5 ) IR
1Ay /4
1 National Research Institute for Agri- 3 FREAE LT k& 22 2012 203
culture, Food and Environment ¥R
2 University of California System Jn ) A% T K % 20 2013 230
Wageningen University and Re- R#&THRXFLHA P 442 19 2011 279
search
4 University of Bath B R F FA 2 18 2015 167
Maastricht University T2 I M 4% 2 16 2011 308
X F
6 Nanjing Agricultural University B OR AL K T E & T 15 2013 40
Agency for Science Technology & #7hm3kHE AR A # dm I 14 2020 49
Research
Tufts University BREXF % 14 2019 115
9 Universidade Federal do Parana AR KR F g & 4 AR 13 2019 28
10 Seoul National University HRRF # 12 2014 38
11 University of Oxford FEXF EJ= 10 2011 323
12 Jiangnan University TR F T E £ 10 2020 75
13 ETH Zurich BRI T F T A 9 2017 292
14 Ghent University AR K F Yo A B 9 2012 167
15 MOSA MEAT BV MOSA MEAT 2 34] 2 9 2020 115
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3.1 MFHER S ERN
3.1.1 WM T4 WATHEME (Muscle stem
cells, MSCs ) J&—F HAT A & B 58 ) A1 ILIE P23
AEAEVE R A0 1, o T 5 A0 Y8 5 A 1Y T R T
MRz — (A IR R e B P 1 e
R N e O INES A S et s =
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BRI WLET 4E, P21 it Ak n T3 2 1 45 o 400
RN

JUUPA) 1 40 B AT LA S i e s ZH Bk
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THAL T 225 A D0 A XS LA T 200 1 2 IR i B
TGPk 2 O H 2 Choi SFPREE T 2Rl LA ZHEL

AL P AT 25 R, 45 2R WoR 2 80 2 1 i
HAHANARHLRIGE ST, A1 W) 2 5 i 15 5 il
(Collagenase) %% % & 1 iff (Pronase ) , 73 H i (Dis-
pase ) FlJEE [ (Trypsin) 55 , (HIH A2 ) b % AN TA) HL
AR ] 22 5% MERS AR SEUOM T T B D i | JR AR
FUBE, P20 A L 3 iR L KL 2L, 45645 1 1L
FHILNLA T 05 VRS R ik 5 T BAAR 4 2
il Ve IHLIE R L IE T 2 Fh g 4H & JF 3E 47 0F
e, & R £ 75 B I (Pronase ) 5 43 B 1T (Dis-
pase Il ) AY4737FE4L G REDS i 280 AL 46 LA 41
2V RAS B 4N B B A T A e K

e FH G T ok AR A5 4 JIL 1A T 40l R AT
(g s O DA e O D 1 O S N
BEXFFRAT A A0 i B AT Al R AR o v 2
— i 2 ) 20 M Al AL D i, o RS R AR i L
100% 2 35 LA -+ A0 H 45 52 A i ) Pax7, 4l R
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Fig.3 Work flow of isolating and purifying muscle stem cells
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3.1.2 [EIFERTTANML 8] 5E BT 41 i (Mesenchy-
mal stem cells, MSCs) & —Fh R R4, BA AF
HUH AN Z 0] 3 AT RE o B AT LA N BB i 105 R0 AT
OB AR, IR A0 A DR B a3 S i 5 ) 58 T
T 40 2 (Adipose mesenchymal stem cells, AM-
SCs). & %8 E 7o B T 40 il (Bone marrow mes-
enchymal stem cells,BMSCs) 1547 [|] 78 5t 1+ 4f
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Fig4 Work flow of isolation of mesenchymal stem cells
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Table 2 Compounds that promote the proliferation of muscle stem cells

o fio, K A T Hn it R K LR
H LA T 2 e AT A R KB BB, s R % AR 50% 0% L As R R OR F K R AR A [21]
ARET MHEFHERKBT-1, LA ARA
ARKET
HALA T e HA%C Mg ik RS 360 45, AR B T RIS AL [22]
e
B LA T 2w e Ao FisE A YAP FILT B B AT KALBEY B LA T a0 [23]
WA F e A4 F F ) A p38 T S 2T R [25]
A JE R 29 L We dy ZH A KR -1 IGF-1 245 | A S A ik A WL 2 R 3 5 [24]
LA T 2m R 76 2 w9 i AR mA sk F X T 13%~24%, WLE K B 3w [26]
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Table 3 Common serum substitutes
EZil 7 HE PR A
& MEERBIEARA 2GR EZ—, TREFR MHEFT ST AR%F ThLE A
G R AER R BR R RNA 894 %, 8l mie A, ATemn B M8 EMRE
AR AENEER £
KRBT Rgmp Rk S, AT ML LEH SR, 7 ARAKATF WHEAEKEF FFEERR T,
F) 4m s K B A & 6 4 S AT mI e K BT ek R T
Fam FaRTHEAEZEFEFRLC N> TFASOEK & FhFaky B4FaF
2B 5k s B PR, R R R e B @ LTI & 4
M T o3I F ey B AR A
FaRg FEOQRBYAFRORKBIEGRILB DK, BRI XEFRGRBY DEE QKBS BEEREY
M HEAEFRHT MIREFMRA RSN AmESYN  F
FayK B AN ARG EEE ., FERE
WE G KA F e Ak
LY M TA AERAFTHRALABRSRE O RAZR, L-WHARKR L-FRARKR L-S20mF
B B3R RABR AL T A PR AR AL & AR B SLE)
BRI S, RART AL ESELE A
Mok m £
A% BAEHABIHNRTFAERARE, STmi AhE vtk SR SAEEALEEDF
RMEAER, THrhKelgErZRREEEE
EFHE ARA@MBAN LA EZNERLEZFER, Fit
AT 4F 3 89 RAL
HmELE BF T F KL e B AR RS VTR OB 6 Cu.Fe .Mn.Mo %
s £ B kM R TR A A AL R e, ML LR Aeak . bR | kR
JoREE M E MBIy, HINCER S minfE 5
(i v

323 THMICMERFRE RS — RIIME
T 20 e 14 A LA R BLAT I T R R E R Ak B )
TAT TR E AR R, TSI R ki T £
Fi LA P00 52 BLWF 5T, W A AL 5 T
IO I 43 B 4 T B A A AL B v B, R
TE & H A0 i R S 1 T ML o8 4 RSk . H
HI, CA 58 A BA LD & H LA T 40 i A9 G It
TR T MG s S, TR R L
W ELH (K 4),

3.3 AMEMMEFEER

3.3.1 AR RE K5 B b A o B 4R
W7 VA W et IR AR 20 B 5 5 R 0 I, A P
i TR - 200 R 1) R RS 1% R0 1k M A A% 0 47
RZ— B 5, ARG 57 TR b 40 i 22 Sk Tl B
YR, SRS A B AR AT A T O A

FIRMUBER IR PO I — b [ AR 240 M 2 K S Ff
FEJI, R ELARAE BOK SO) B BRI, Bk AR 2 1T
PR AN M I B, B TR ROV AR R G
N R i 1) 2R AN BT AR SR A L B A
AT B R B9 R T ARG AL, PRk fe P Bl A mT
i £ e A M SR B R HRT, A 2 PR 8
IR AN, R FLSh ) 52 | SRR R A i
A PR AR A AR B B AR

] 28 TR AR 4 2B 0 R R ERT 2 Sk AN T
fifp AT REARAER AT B Al 3 AR, R Gk
A — BT RILR-RIE R RR LI I
IR TG N IRBEN: R MR ARG Y4
JRIT BRI X 6 5 SR S W S T R A
ANETEHT A B SR S O T 52 BB B R D
M T P Bl A ) o) X 4 L % 5 PR AT T
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Table 4 Summary of serum—free medium for muscle stem cells

o i, & A ES: ES-EE S 3 KA R
KWK T ERhiEoit DMEM ¥4 MEM 4-2ChA%ECms, hEkd KRS HEG@EIES LT D
29 127 XY ¥ 7k % DMEM/F12 %@ »big #4859 MBHE . A 34.94%3 & 3 57.93%, 5
¥AK FI0 2 AA Wk BB HAFE M HiF 35RO INLT LR
Ao — A B MEBEAKRRTF % P BK
F AT RiE¥ A DMEM/FI2 HAEECHBEZTG ST TALEFFINF @i w5
2 J,28) E RS AN S ABKE Bk E MBE ¥R ANRFLSLES,
F-HREG-M-RATEH A HRL5LLFRAAMY
G 2 A K -6, R BR A AR
Hefmie KB F B AR
JAERA MEBHEHAEAKRET-
1L AT e A KR T e ARAT A
4 ¥ H-F BB
F AL F Kbk 44 DMEM/FI2 nFaka HHEG MHE, SRARSLFVESE TS
2 1) S TAERA, KM AERRET . WARMAE B F 5L
G A kAKX CMEM A AIAFZHADALINALH
LB IR R 49 ) &
RAMAF F£eF3gs  Neuobasal 3R iLS BERFIL@RAKA T fF @WHETTRERLIEAR—_T
2m J,30 i Leibovitz’s L-15 374 MA@ A KR F MERGE HZmEEEARMAT LKA
101 RA mie kKB F BRkAYZEERE R LB (s B A 3
FAEEARBAF-3AEER 95%), A HEG RN
B F -4, fxfm iR Ay 2%
ABATF., MREAZERA T
SE R E -1, G e IrH R
F . kiERG
R F  RbFHoH  Neurobasal 35kl RbE@wiA KA F MbEHE @WRTTFRERALEZAMR=-CT
2 J, 0 Bk Leibovitz's L-15 34 K B-F W = B 4B R & ek A OF A R

10l A

A b AL

S, Park SEELLG0 U1 B, 4 H1E 4 ik
Fe T J 1 €0 AR IR, R B BUULA T

eI 2 K5 138 22 A
ARAA Z2 By 440 I 5 5% Pl A Y S B R

An ey s 7 LA £
TEZf)

20 PR RE AR A A3k, O R s A R R A L
AR 2, R 205 2o i B S R & 5 S i T
175 A 7 L A LR 5 A 7 b Norris 858 F
AL 7K FLIRAE A B e Sl —F PO AR, fF o 1 LA (11
Rt NI K G R e O R &= R N S DR R A
AR R RE 77 C2C12 SULAN A A2 LA 0 2 40 il
20 0 Ty 348 A A A AR LR L 2R B
T VAT 48 T AN IR ) ok AR A T O A A
B, AR AT R R B IR AT B 4 b 4 5
RERAZIEH RS,

332 RWAEKRTZ B ML IR A HOARAE

I ID N S S LA 7/ e S o N F 3 1]
KB, LW BN g T USR fE— A2l TR
PSR e ), IR SR ER AT SUL AR RERE A 3h
ARG P T BR 35E I 552 INF 3 25 R A, DT S5 B R ALAEE |
4 R B Sl W A R R AR IR A B
FIRT A A 9 S D i 28 B0 4 XA W 2 iz
e POREY) RO A S ST AR R A,
B A W S B AR AR AT N T N,
DL RAE TR T 280 il BE AL 45 12 4R
U RN ST B AT RE 2 0] 20 i A — 7 A
P, A, WAVE I8 A 99 B -t 2 40 i 15 57
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RAF s, HoR TR AR X5 30 IR & | it
B 1 30 Pl 5 i R S 0 X 0 i ) 45 L AR IR RN
TRBT ) 7 v s 4 0 A B B SR OA B SR, L
M EMME RSN — R R AE, BR SRR
R A7 200 L LA, ST AR ) B A T
BRI A0 M 55 3%, FOR AR i sl il A X 25, 35
PIJIA Y/ XA L 45 O s, AR A5 3B R
SR, TR % BE S TR IR A AN g g A0 ]
W, E LA R SR AR O H R R AT A O
AR IR MR, DA RSB

20 L R RS % 1 20 AR BIF i RV ST 5 28 1 /)N
B HOR A R A& S BR S A T A AR W I
L 2 RURUARASE A AN AR [R] 2B W) B B2 9 B A7 7E
SRR AR B R 3 A I Bl A% i
S Aok A PRI A ) S i B TIOR8 S A AR AE
AR=IDA R R A R N (DR L F N S R R T
PR AR B R A e R R TN
Lok m 50 B 25 5 CFD R 5 0 | L K%K
eI 5o H B RE L S HOR T B iR R S B
L HE Wy SO s 0 A0 R R R R AT PR T OR
Wb G R T2 R G B U A B X £
B B 5 5 7Y (Physical Model ) F1 i B2 i Ry 45 il A5
4 (Procedural Model) ., 8 i & 5 42 A B T
PEIRLE pH FEHl IR DO % S R | B4
fr A e A Z I A S AR, AT Sl AR
W R s N BB IR 0 SRR AN dERRAN A 0y R 4F
AARARZS o Udomsom SEWITT R T — Ty A7 42 il
J (R AT 4 A A 0 S 4 N SE I pHL I %) 387 78 pH
1R, SRV AR AL A Sh A ORI AR
B as S BT /N RO AT dE AN i i) A S LR 5, S
R RS SR AR L 2 LR 3 5 R ) 1 5
34 ZHBEFRARBR

RSB AR O B IR Y AR T g Y BR
T, RN R HUBLY AT ] Y 40 B A T 40 i S e
HEAT = 4ERG SR, AN S AR A B R P
mn Rt AR AT A 20 = 4R 40 M85 R K 2L
TR T T55 358 A 7= b il 25, 465 BT S 2R Bl
BCH 3D AEWITED | WL 25 22 My JE HE S RS
(E5).
341 [FASZERERE R RSO R s B IE K
B 3R R T 20 B o T ] AR S R B L v O

F7 = Ze 3537 A0 4 M3 5 53 AL 2 1E LA 4E B
U S5 2 E, FE 2N T AR A HOR 40 M 55 5% A K Bk
e FELAT T 20 R 2 1) 2R S ) T A
Ty ¥ESEAT AZ R A, PR HC 5 A 4 3 40 i A ik o
(Extracellular matrix, ECM) , & 7] % 15 40 o A= K fr
THE IR, R0 = 4R R i R p RO
R, Zhu SFSEE TR T A0 IR A
R, IR L T 40 5 IR R BEIRGIR &
TARR P IIE | 205 500 13 77 4015 MR A% L
PIZHZL, SR, K BE AT TE B A ELALARME REAS 2
MBI, 5 Z AR LG, R B 1 S 2R B R E Y T 4
ARG, AT Dy 4 ol 40 i A9 A R0 o0 A 3 3 i i 1)
BUA AR 2 PE®), Ben—Arye S5HIF] I 2H U4k A% ) 46
1 (Textured vegetable protein, TVP)1E & 4il ffd 32
ZRFEAT VLA B = HE R 57 pE SR R W] TVP S48
HAT SR A0 M A AR A0 i A0 3 B T AR A A O
e 3 LA ZH LI I

3.4.2 3D AEWYATED 3D A=W HT BN HIE 22 A H]
3D A=W FTERHL A I AT ERRC K 5 40 g Al
AN B AL W AR ) SRR g AR, gt K
R 5] 5 R0 B % A A BB 7 50, 3T B il )
REICR T AR ) SR K B A AR P | W AE PS5 41 R
P, AR SR K Ok ST B 20 A B
IR RE Y, LIRS WK 2 RE L
HH MAEAET HEA R WA EE, X
FEPRLE F A B A 5 1E B FTERARRE ) BIBE M 40
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Cultured Meat Technology: Advances and Future Perspectives

Guan Xin'?, Wang Dandan', Fang Jiahua', Yang Ruoqing', Fei Zhuocheng', Chen Jian"*
(‘Science Center for Future Foods, Jiangnan University, Wuxi 214122, Jiangsu
’Engineering Research Center of Ministry of Education for Food Synthetic Biotechnology, Wuxi 214122, Jiangsu)

Abstract Cultured meat technology is a new type of food synthesis biotechnology that has emerged in recent years. Cul-
tured meat is manufactured through producing and food processing artificial muscle and fat tissues by large—scale culture
of animal cells. Compared with traditional farming methods, cultured meat technology shows greater advantages in envi-
ronmental and resource protection, animal welfare, and public health. In this work, by searching and analyzing recently
published papers in the cultured meat field, we summarize and outline the latest research progress and technical chal-
lenges from four major research directions including seed cell isolation and extraction, serum—free medium development,
large—scale culture system, and three—dimensional culture and tissue shaping, and provide an outlook on the future key
research directions of cultured meat technology. The development of efficient cultured meat manufacturing technologies and
the establishment of large—scale production systems will provide strong support for the creation and application of new
food protein resources.

Keywords cultured meat; future food; new protein resources; food synthetic biology



