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Mark J. Post®'2%, Shulamit Levenberg ©34, David L. Kaplan ®%, Nicholas Genovese®, Jianan Fu’,

Christopher J. Bryant?, Nicole Negowetti®, Karin Verzijden™ and Panagiota Moutsatsou? <%K>

Cellular agriculture is an emerging branch of biotechnology that aims to address issues iated with the envil I Muscle progenitor cells

impact, animal welfare and inability of i animal farming for meat production. Cultured meat can be

produced by applying current cell culture ices and bi f: ing ds and utilizing lian cell lines and cell

and gene therapy products to generate tissue or nutritional pi ins for human jon. H significant imp

ments and modifications are needed for the process to be cost efficient and robust enough to be brought to production at scale

for food supply. Here, we review the scientific and social challenges in transforming cultured meat into a viable commercial Supporting cells

option, covering aspects from cell selection and medi imization to bi ials, tissue i ing, lation and con- Porous edible scaffold
sumer acceptance. with proper stiffness

Endothelial cells

FBS or /\
r———a T Nep CF reucten

—_—— )
- S Y g L
Muscle
Harvest Proliferation Biomaterial Maturation
Adi it L
(9 — O N Fras ipose progenitor cells ]
Fig. 3 | Production of complex meat products from muscle, fat, connective tissue and vascular cells using a scaffold method. The advantage of culturing
Fat complex tissue is not only that the composition of the produced tissue will a better approximate of livestock meat, but also that mutual beneficial

interactions between different cell types can be leveraged. The minimum requirement is the presence of muscle fibres, adipose tissue and fibrous and
Fig. 1| The concept of cultured meat. Stem cells are harvested from mature muscle tissue and adipose tissue precursors and expanded. Mature muscle vascular cells. This can be achieved by combining the respective progenitor cells and triggering differentiation to the final functional phenotype.
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2) BEMEOBERBDEIR: > HR—

2 HR—ILE ST (Singapore Food Agency: SFA)

Novel Foods* D&E &4 s ME 4

Requirements for the Safety Assessment of Novel Foods and Novel Food Ingredients

2 Scope of this document
2.1 This document aims to provide food businesses with a better understanding on SFA’s requirements regarding the
safety assessment for novel foods and novel food ingredients

* Novel FoodsDAREGDDIETRERFERE (D7E<EDL20ER., EFDBREADEBZENG MZYDAOIZKYBGHICEED—HELTH
BESNEER)AGVERRVEMED IRVITRRICELET SMELILEMICR —THEH ., BT DESHICL>THRESNILEYITHS. Ch
BIZDNTIE, SFAOTIRAIARBEZ (TLEVRY  £Z-85E. WA, @, RENTELGVIENRESNTND

SFATIIYEZNEFXTHMICEFHIT5LLTHY. SAEDOR R TIX2022F98 26 HIt A= FThR

(ZDE. 2023F7A20BTOEFHRMNA A TSN, REHEDOFHRBRDABLEREEHEIZEET 5
FERAEFINTLAN, Ml ER I LR E T MESICETAIRESLER (LGS
NTULVELY)

HRRIEE B M DOREIGLEDIT:
A& B 5 (Cultured meat) [&. Novel FoodsD 4 A D P CTHERFIAZRZNELET S,
[Novel FoodsD &£ 14 5Ll 4 (Requirements for the Safety Assessment of Novel Foods and Novel Food

Ingredients) 1IZH ULV T, #HifEIEE R 5 (Cultured meat) [ ENOMIRISENSHBEINT-AIEBESNTLVS
(Section 4.6):

Section 4.6 Cultured meat& (3, ENMIDMIRIEBNSHFESINT-AZIET , Cultured meat D EE TFEIZ(XL, 7\
AF)TO3—I2ET5:ERLUT=HHaE (ILXEEHR) DIEENESEND,, HiZ E )/ EhE R tth THEEL . &
WCIBE | ETHRELTROHRIZU-E2RZEET S L0H5
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SOHR—ILEB S Novel Foods DRSS HE 4

Requirements for the Safety Assessment of Novel Foods and Novel Food Ingredients

#fEIEE B M (Cultured meat) DR EEFHMIC A BEIFIBER (202249826 AR Section 4.7&YH#)

1. Novel foodséf?}ﬂ:*&)'aﬂé'rﬁiﬁ (776 . GMEY) - GMAE M Z B WS IGE XS0 535 EHRE = H5)

2. HZnovel foodDIFMER UVFEIRICEE T HIERICIE. LTZEEHSB,

- RKEMHBZEE T Cultured meatB FHD Y
TR Y HIMEF], BRIEEH], AHRFISOVT, BRIERICHITHLAILEDLEE

3. Z&novel food EICALLNHETDREMMFICRTHIERICIE. LLTZEDHEHM, TholTRESNALY,
-HERatR RIS RN, ZDFRICALLNSIEEME
-iEHh, BCRARER. AR F. I EF
- BIZM AL, AN, BER. I TEhH

4. BETFEICRET SEAMEERBA (3.6.11) [CIE, LITZEHD, \
HRRARRDFEIR . MHAZIENS . HIRRIEHE, Bi15. #id. B, HRa@EL T, it OMatk S REERF (Bl A (.
VAR B, EE. FUFD) OF LGN EFEEICT SO SN - BENIEFE

. HERERRICES 9 5153k

1B IZRE 9 1B ER

T/ LDFAREMEEEEGEHR) IMII > THEREERIZBERRTE LDNF—REL-5F LARILOEELLEL

MENERSINGENEEESEBMIZEIRRT 51-H D1ER.
CHOENDEHIZ, DBLTRFLIFEDMEAEDLE LY, REMGMAICH (T HZNE RS T O
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(2) BET —3~—2(3.6.10.3) [CxtL Tin silico7 / LRI =KL BENSHR A TUILTU)ANEERK,

@) FSURVV)TREVR, TATAZHVR, AFRAZHRBE DHERICEY . A3—F—HIRBIZx T 5 EE &
MIEDEEMLERZREL, BRTEELBISNIRFAEDEGIZELILGVYE) AN EHEIL,

8. MREEYMDHRIEE—BHEHRT =02 EIEMEEERE (GCCP) MEASN TNDHEE T HER.
CHIZIE, BEAREEOFE (6] : % E D)  RREYHIRICETHIBEERE . REFERERT/ XIFN
(A RAMEEDESDEDMELE=R T IEENS, . o

9. BERADEEICERASNIMIAKOMEE ITEDE, RRZELOEEVRINBEIVNT—FE BENGES
ZERT AOICRESN-H R ERHRELI-Z 2 M,

BIZ L BEEMBLESLIRINEVNIEAHMONTINVSEEICEE T SMakEFIAT XL, 7/ 4,
Iﬁr‘/#E\gU % I%)—As TOTAIOREN. ERAIEEL AVEBEE. RV XILBENBZIIHNT 518
DIFHREEZDH5,
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Selecting the right cells
The process s nth h

=2 HMR—=)LDSFANS, A growing culture of safe, sustainable
meat] EREUTEITINMNERSN. BERRZEELTD. /\AAUT
D45 — (L K DEEEIEDORN G

INA AT 05— (CKDEBERDIED AL, BERNREZ S ELTIE
IBEECEBIN. CORBICDVWTHESEMIEAEA

UL OER: ZOT0ERIF, BHIaZIERGERT BT

CFY.

N (E—HRAICE IR THY | BrfRitE MR CIE TR E DSFEIF A

HORHRGHRRICEET DRIBEMELHYFET . RIC. ChoDHaDMEE
REL, FAZTCEYRINEFEN TGN LEHEET D,

REEAR NAF)TOE2—ADMBAIE, kKL, BERA. 2/ 0E 3%
TV E DEREBEREWRIGT LR BIFEM LI DAL S - 185l E
icANnLN, REREFTHIC, MiEIEHRT H-OICHERFDOEFELY
BETHMBLNGL, RE. MRREEORERFOMRGRITIEAELTH
POBAGTRICKEERELTEY . BERADF R DL OMEITHIHEL TS
A, BEEELIE BERORERICERASNSHAMIREERF oD
REFEERTESERICHRET HHREE . ChoDRREFORE Y —
ADERAZEBIBRIRETL TS,

B15: CORRT, BERIIR—ZAMKIZRY M BHIIA TS —hR—
WY —t—CREDVEREMEEDENTETI A REERDYIY F(C
FUELY, SRTTEBEE R ORKEMRERFLHOHIC, BFEERI RS LTINS
ZHEMM LT MRZARSEFY . REMBIE—HRIC, RETETHE
MTHLHETFESINFTI N, BERAD—HELTHEESNS-O. ERAMEIC
HELI=ADEL BEELE P O—XOFET LT UBIELED
BRENA—ZADBEMMOERERFL TEEL. Thbl[IXREMES
&, RO ARICHRILO=HTHS,

INAF)TO3—TER: RIZ, MRE/NAA VT IVI—ICANTBRES S U
DHSE, MERZEEOT , N\ AFVT I BERLNIILORERE ., #
RENSOSNHREFHEIRREIEIL . BIMDARNTORRSFHERM
FHRIIFRET SN THY . ChoDEMERMIE, E—LdT—J )Lk
[CERASNTLDIDELTNS, HiETOR2AEEL T, MiaIitiss
NHREEMDBAZEEL T, HFHBERIBEL CTHRCERMRGEDS
FSFLMRRICRESEHELTED,
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2) BEMHOPHERBDEIR M, A—RFSUT7-=22—S—5UF, %E

ER :

1EERNIENovel Food& U TAIER TSN, EFSANERGFIF CHEIRNIEENRN
BEDIER (Z£MERIERH) ZF TV I U MERTIRIEL TLVBHY,
BEDOEEINRSNTULR, Bl FHEBZ KN ZERAULZS(ICIRE
LB Z DS ZBER 1D,

A—-ANSUTPRO=-1—S5—-S>OR:

tEENIINovel Food (FZlZUEREERINDED EEIRD) & UTHRIEMT
BNTCL\D, IBERBEBOZEMHERIERIIFEZETETTLVRWLD, FSANZ
(FEE(CSENDOREHDH DIEHZAKL TL\B,

XHE

20195 (CEBRDEMEANUSDA-FSIS CKERBEERTERER) &
FDA CREIRmEZEMBE) (CXDHEMEE EFERNITHN. FHEIRFCD
WCDEMRNEASERER XTI,

—FDA(Z. UPSIDE Foodstt®. XU, GOOD Meattt&m. L\WHDIIHEN(CD
& MR YILT—>3 28T L. LEHCEIDIER(EINU LW &
xR (ZNZKERRE. 2022F11H168H (OK) RUR202343H208

(H) ) [ZER - F¥EE CE/RU)]

FDA HPK D : https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=AnimalCellCultureFoods
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A—ANSUTPROZ1—>—F2F

LHDBIFEER(E. Novel Food (/2 UEREIIRINDED EERD)
EUTHIEM TN TULD,

LWHRBIBEREEOZEHEEIEB (EFIC TS TLRON, A—=X
NSV - ZTa—>2—52 ROEmMMAFIE(FSANZ: Food
Standards Australia New Zealand) (&. kD (C ko> CERESNSH]
BelEdDdpDNovel Food’d EDEAFDEAE(CHUWNT. TR (C s
ZIXEEHZELNTRUTND,

202328278 TFSANZA Vow DI X S DI ER MmO
=B, MU EENTKUIE. Novel Food& U TEREE,
BE(FRBEERD LTI E IR ENDFE.
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7 E

FDA(&. UPSIDE Foodstt®. XU, GOOD Meatftt (Eat Justttd
IEERERT) "D, LWHOWIIEERICDSE, mARAII>Y)ILT—>3
2R T Uy BEEKICEATIBERIFCNU LW &EZFREA (
TNEYUEKERE., 2022F11H16H (K) &UR2023F3H208
(H) ) [AGR - B8R CTIEIR0N]
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K EDUSDA/FSISEHHS/FDAD BB HERR

BRI B4 5 FSIS & FDA 4y 4H

EERENEAR USDA-F| FDA
SIS
R, MRS VIC2TOBREZORNYDEE O
INFERRFEETOHMBDIEHEESEDEER ©

RENEEEANENRBEARBEZRVERREARNGREEZOEEEZH LTS O
NMRE

BEAOMITOEREMIBRNEREARBEERVERRBRUGREZORE| O
Ziam-L TS RE

EEMREAXERORTRE O

Rams MR RURH - SHE 0 AL TR F R
< > 4 > < >
USDA / FSIS HHS / FDA USDA / FSIS

Ml BEEEREEN KEICBT2RARBREMLTHOTUR WiMEHR HEOEHR 2019 4 10 A
&  https://www. alic. go. jp/joho—c/joho05_000777. html

USDA-FSIS (United States Department of Agriculture — Food Safety and Inspection
Service: KEIEHEERMRETERER)

FDA (Food and Drug Administration: XEBmEZERE)

HHS (Department of Health and Human Services : KE{RIE{E#LE)
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FDANTHEREI > HIL7—2 322 17D 2 &(E. 2019FDFDA-USDADEENEICENMM TS

@ UPSIDE Foodstth'S/RKTIEEUEEHN . (B (CIRE ESNEBRZEHEm L.
IR CRIHOZRMEICE T Ditsmc CNU EDREEm(EIRV] EFDARRER

( Upside Foodstt(d, R THIH TFDANTHEREIO> YILFT—> 3> =& T Ulett
EERRDE) KERRI20226118168 (k) [HAGR - SREECI(IIRUNY]

S1& | RS TIEOMREERI D DR iz SV FDAOEAZimIZ I Z L (TR T,
Stk (X I DAREHFEAREmEZERER (USDA-FSIS) DIREFFoEIZHIS T D
WNENH D] (FDA) [BECS > HR—=)LTEWODDIEERDIRTE L IHE N HERE]

FDA HPK D : https://www.fda.gov/food/cfsan-constituent-updates/fda-completes-first-pre-market-
consultation-human-food-made-using-animal-cell-culture-technology

Cell Culture Consultation Notification File: CCC 000002, cultured chicken (Gallus gallus) cells with characteristics of
muscle and connective tissue

FDA DL E1—AS MQ" T
* %Hﬂﬂ@@ﬁ%ﬁﬁ 5% (How the cells are isolated) o
y 'E) |// \\/00)4'15}55275 5£ (How the cell bank is made)
- fREHMETE - b9 DERDIFEBIE CER SN DYE

(Substances used in the E_u_lturs process‘as the cells multiply and differentiate) %EEFERﬁ%(uBLT%JL%@/ \"j" |\n:|:ﬁﬂj
- AETOTCRICHITDIBENRU R OBERDE R —| anas@@iis 0L CEfssh
(Consideration of potential risk factors in the production process) RS EDOMER S BEHZESIR T DA

'fIE;EO)ﬁEI l:lb[lI (L_ F'j (/j_t_ml:ll:l (Product that is harvested for use in conventional food processing)

FDA HPKD : https://www.fda.gov/media/163026/download
What the FDA Evaluated During theFirst Completed Pre-Market Consultation
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What the FDA Evaluated During the

U.S. FOOD & DRUG

First Completed Pre-Market Consultation

Thec |'|v'|'v|‘ wx process of taking a small number of ve celis from livest
and .) hem n ntrolles J onment to create 2
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(, poultry, seafocd, or other animal specas

food can be broadly summarized in a few steps Beloa
ﬂ.‘-.‘h production step ¢

Juring the firm's pre-market consultation

O.ﬂ@@ﬁﬂﬁﬁ?

cells ke from an &
* How cells are confirmad to be from the right
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measures based on its assessmant

How the firm monitors the growth and heslth of the

coll cultures during production

¥ fEROBSINTICEIFR
43 7

o Makeup of the osl mastena

FDA HP K Dhttps://www.fda. gov/medla/ 1 63 026/ download

FDA (&. UPSIDE Foodstr&m. L\
WRIFERNCDE, miRAII>YILT—
2327 R T U, ZEHCET DE” (S
NP E/RnWC &=zREA

IRH =N BHIRB OFHImE K DI
(https://www.fda.gov/media/163262/download)
® FHNFREL(CHISR 9 DAnSFHlilark & HRERRZ
FaORDRZ [E R C AR I SRS R AR
HKhEEND

@4.3.2.1 Immortalization <31t :

N JUw IRF (R HOIERDIER)
(C K DPMGHIEE = (BREEN SEIRD B
HIOMBIE=E /e, #FZzE/)\BRICHIR =4
f2) (&, REARAERMEENE U0

O Ntk T Ot X (F. BREMIIATRILETZ

(FINAAT> =TT KD TERM

- BREIIRAGEL

- BRERED K S1RTT R/ AFEAL U 1= 4R
BT ILZEICKBIRIE (ZThUFOX

S—UWIESEEER (TERT)EA (CXKDFTOX

T DHERF)

— FOXT : REARKRIGOIRE & &RITDE

RIBAREE (AEfpDOIEE)

BEULEDBEOR(C [D12< EB0EMDEE
AL ERHB0

Hippo-YAP=J 3 ) URERRE (C DU\ T DB TIRIE
D —t, NS TULRh DT
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FDA m™MEREIO>YILT—23 2% T UREMHICE T 38R F N L7 & & KA

FDADHEIFRIXE

i)

- EmEZEmBE (FDA) (&, UPSIDE #L(C kD> TIRES
117z CCC 000002 DMK THDRana M1l L7z

- COEMmIE. CCC 000002 (CEiighicsnTCL\BdRES
ECK>TEREGEENE. il S ERtESH R D5z i
A IcMifRDE — bR ZE L2 b (Gallus
gallus) IEEME TR SND. IHERFOMREAARIE U
TEE=ND

- HHAZAR(E. BREEE T (FHRHADZABFEIFD LTINS
RACOBESND OF : B35 NS (AR, &
HAZARFRON 5 (3 RERREROIRESTHISER) .
DEESIZHIREAR (S, EERERRERELE. BRDIZ
DIARFESNTARERN R TTEZAER U T, RIREIDFEL

HEFsnsd

- HlREER(E. BEIEECEIGUTZ. DLEEER I Dih%F
HHREE KORRMESFHREDIBIR(C K > ThHESI SN D £
FEAEIE. EBEPOERICKLO T, FEEZU R 0O
A S — U S5EER (TERT) ZHIR T 5> ABLFD
EANCEKDTERSND

IEEE FEEE CHIREEZIENS B DEE S, Mg
WS E DIRAARRF & REHEAIDM 5 (C KD THEHRFIZD
KN RB SN DEENME T DEENSHD

- HIRR(E, IEEEASROREN SEINAE (CHllfg>—
hORZTER =N, 2DE. BEEEESNERE
THFES LTWKDRELMTIOND

- SEREOEYIE. —D KU (Gallus gallus) #HA2
DFEUAETH D IERDRER M EHEMD
FUORERFHENFULUTND, FEDR—4 EHHE
DE—E(E. BEREERERE YA

(ELISA) ZfEA LU CRAREM CTREESNTZ

- HEREER. A£ETOTX (/> O ZE
0). EEJOCATHERASNDWE. HSIUER
SRR OOHFIE (TR 9 2Bk sl U 7=
(B, REMD)

-+ CCC 000002 THRSNIZT—4 LIFIRICED
LYT. CCC 000002 TERENZRET O
SESNITIEETD MMM Tk sz,
FrFENZSOREm(E. MmoOEkCk > TRES
SNIZRIFDORmMm LAUKSWVWEETHDEND
UPSIDE Df&Em(C DUWNTC. A CREE DFME(E
AN

=5(C. B TlE. CCC 000002 (CEd=n
TWBREETOEAN, EREHECITIMEE
EldEY = REFCIESEIDIERICRDEF
BENB3ZEZRIIBERZSSEL TLRL

FDA HPX D : https://www.fda.gov/food/cfsan-constituent-updates/fda-completes-first-pre-market-consultation-

human-food-made-using-animal-cell-culture-technology
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FDAN HERBI > YL —2 3> 217D 2 & 2019FDFDA-USDADEEXNEICEMTLD

@ GOOD Meat#t (Eat Justitoszzpasird) DNSRTIBEBUERA . [HE(ICREEEN
Bz HME L. RS CRIMHOEZEERM(ICE T digimc cNLA EDsEE s (F R0 &
FDANREZR ( Upside Foodstt(CHe<. R T _FEB(CFDANHERBIO > PILFT—
S3>7RR T UTCREETIRDTT) XERRI2023438208 (B) [Z&GR - ZR5E CIH7RU)]

FDA HPX D : https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=AnimalCellCultureFoods
Cultured Gallus gallus (chicken) cells, with characteristics of fibroblasts (connective tissue), in the form of cell biomass

R SNEBEIRBOFHMmE X DIk (https://www.fda.gov/media/166346/download) :

@ AT —17)L)\ODVEEC VAL - ThERDZD bUARMESHHAEARKUMNSAH/DF11(CH3K 9 5(1996
F10H11HI(CATCCICE:E) (B> IJILIHEORRRRFI2MEERE)

“—J NSRS, 10BESOIMM R E = > F(CUCHIliRZIBE I D EIC K> TEBNZ, TDE. 2
R (T —TIRB DO S R —Z1FIR U, ANFEIE=D NUMIRRZ/ER UTc, NS DOFRR(3400E1IU_EDE
SN0 & 160EI_EDfkMZRRIz, 100EDHMRRZMIELRFEN CIRBE USER. LBAER(IERH SR
Mhole, ”
201882H22H(CGood Meattth'=Zs8 L. /\wFES(I70006277 EIBTEI L. COHHREER(SAZEREY(C

[C1F] &FRSNIC.

AFEAE—D N UFBRBARD I INFES « FIPRELEE U T, HBRERADMEE T S 1ETE(CRHE T DELTFDORIAN S
&L HRRFERRIRDY I LFa1 L —> 3>, DFEEEEDIEE (Kong et al., 2011),

ATEACHAREAR 4T ST (C AR R IR D (SBEBAZ AR EE : SRR DRFRE (L. 2 DMl (CREBAAREEN DN
EDHZHITETDI(C. 2BEDHEZIT D /2. 1)l (SR B riEiiie & (IR0, BEMKFHS K
O/ FlHEEELEE (FIRE, FMEEN) THDEWDR T, FEHRIEHEE (FRBR> TLD, FEER R
FHRE (SERRRIBM TIESES B N TE. EREWICIAITDIEEEREEZEM T D ENTED, HXDM
FEER(S, ERERKIE C (IR TIBE CE RN D e ENS. BB EEZR L CULVRULAIEEEN B &
RSN, 2)SS(CEBMENRNC &R D28, HRgRRFEE (Z6IDBES (4005 E DRz E 5]
ULC. MRBDREERRkEEZRERUTc. RN BT D IEmE. TOMRIE/RA_—D K (CIREankeC &
(C12D. LML, WINDZD MNJIICEEREEMEINT. cN5DT—FE. IBE-D MNJ(ITERUEES
HRA(C (FREIBHZABEN AW & 2R L TTLVD,
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FDA m™MEREIO>YILT—23 2% T UREMHICE T 38R F N L7 & & KA

FDADHEIFEN AT

259

- EmEERB (FDA) (&, GOOD Meat ftICk>TiE
H &1z CCC 000001 DMSRTHDIEmZIm L=

- COEMm(E. CCC 000001 (CEEEHhaNTL\BDRIER
EICK D THRESINE., (RESHRIBOYF 7z a3 TR
INAANADZ UTe—_T b (Gallus gallus) 15&
MR CHERR SN D, IO E U TEESND

- HHAEAR (L. RAABIRIIN SRV (CERiSNTZ—D ~
UfRHESFHifErk T . MiRD=D bUMRER T D
UMNSAH/DF1 (ATCC CRL12203 &L C American
Type Culture Collection (CZ55E) (CHRL. BEtsn
JoHERRIE. #REEFHIIRNY —h—ZRE I DI2HDDFH
FEEFEAUCRBEENMFEUIITSNZET,

- HRREER(S. D2 INERE &R UIOSERIEE (CRRSHE

B(CLDERIEND,

- FHRB(E. 1EFEHR(CH W THRRRE ZIEN s E 3 &(C
KO TIEEEIND.

- flRalE. E=ODEEC KD TEUNEN.
HI(SHRFSND,

RAGIRTF

- FEAREOEY)(E. HRAR—X MEMFEN. BD

E—1%(F. BFRI/RU XS —EHERE (PCR)

YA ER U TRIESNIZ,

- HOREER. £ETOEX (‘fHﬂﬂ’@./\/U@ﬁE_L%':E
ED) AETOCATHERASINDIE. BIUER
SN RO |_¢._(c_|a;§§'5|ﬁ$|§7iu$ﬁﬁb7f_o

- CCC 000001 TIRARSNIET—4 EIBIRICED
LYC. CCC 000001 CTEHEINZRETOEIN
S5/5NIEIEED NUMRESARITER =Nz,
FXlEEFENZEVERS. BEBEINCEEEOER
CRIULSBNWEETHDELD GOOD Meattt @D
fEam(C DUV, R CREEIDRU (TR0,

FDA HPLD :

https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=AnimalCellCultureFoods&id=001

20193 7H MFDALUSDAD BN IEE R &= (Formal Agreement Between FDA and USDA Regarding Oversight of
Human Food Produced Using Animal Cell Technology Derived from Cell Lines of USDA-Amenable Species) [Z[&. K
ERE#%E (USDA) BRRERER (FSIS) N RE-REDESHEEEOErABRDRRIZOLTIL, FSISOIR
HllZRE- T, BRITKEESN ., REZBL TIREIESNAEEFZRDSH I EFEE SN TLND,

— RRICET HRRFIHER (L, FDAIZIRERLARL
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2) BEHPHERBDEIR: FAO-WHO
FAOE WHOLRET. LWhWBIEBRNORZ2ICETILR— MNEAE

2023 F4 AIC LW DIHERD

DR mawr| CHTBLMK— NEAE

FOOD SAFETY ASPECTS OF 4 DDOFETE (MRRDEZE. Mg

CELL-BASED FOOD 1EhE, A&, iz (BmalI) ) &
(S, BRREF. ERADSZE X
RREEZRT

FAO & WHO. 2023. Food safety aspects of cell-based food. Rome.
https://doi.org/10.4060/cc4855en
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LWhi3IRENICET 53 RLMICEET 2 ZEDENH

AR —Z2DBEmMITHISIC
HTW3BH?
(202231 8KEH)

(H - &FHE FEET EHIRE - BAESG TF RS
=R+ ZUP, Za— F—XRbZUT7 - Za— F—X LT TRAEE
o= F U—7 v NRREEKES —a—Y—T Vv NE—RE

(FSANZ) E
hr & hF X REE h T ZREE
FE EVERLEY RV TR BEERERTEEZES
Akt &2—

ERMES (EU) /BRMERE EU @ BN B AL EHEE FlEES, BEES. BUNE
il L — b ZUVFvE  (EFSA) /R4 R EFRE ES. SEEF. ZEES
SO TZAINT Y FERE SREeBER// IV HET
E (FEE) v I— ! BEREER

(Mattilsynet) /74 X<
> K @ Matveelastofnun,”

KE  BaniET

A4 F 1> FERTZeEER 1 RERTZEEER
LRSI B2%EE (National Food {®f2&
Service)
B4 BEmTZeEES EEHEE
EMOKEE
hEx— NIREER h X —INZEET S EHEE
BLOBEBHSEFIZENL
BERE
v HE—IL U HR—ILBRT U AR—ILEBRT
XE BmEERE (FDA) Kk BREEDB (FDA) /X
EEFEERTeRER EE2#E (USDA)
(USDA-FSIS)

LM R

IR

E8

IR

LM R
IR

LM R

IR

[0y

FEXUFT Y B L UONERE
N—ZXDENZELHIEEN
THENELH

IR

FAO & WHO. 2023. Table 4L D

MREhEERIE. BRLe
BHRY,/ RIZREHA K
74 v /EBRTHEICRDN
TWBH?
(20223818 S)

AIAY-4

AAY-4
AIAY-4

(=W

AIAY-4
AAY-4

AIAY-4

AAY-4

(=W

(=W

FAO/WHO(Z. ttF{NRBRDDHDS. FEALEDEICENTWDDSIEEASEIFOIRER

(novel food) DFMHIDEEEATFHECE S LS
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4D DRUSEEPE(CEH T DBEN) \ T — REFDRIE

HHRR D ERE HE & BminT

Cell sourcing Production Harvesting Food processing

This step may include
muscle biopsy,
obtaining stem cells
or any other cells, cell
reprogramming, cell
selection, cell isolation,
cell storage and overall
cell line development

This step may include
any other processes
after harvesting the

products from the
bioreactor

This step may include
cell proliferation, cell
differentiation and
bioreactor expansion

This step may include
cell and/or tissue
harvesting

BEN)\Y— REF

RN

B AEEE R

MEYER

TEA

BECEYE /BRI OKEY (EHRER. Mokl pHiE
EEL K. Akl R REZR EXIVRY)

o

BYT LY

mRAE (BE. VAL BEE, F4R JR) GIEEMNEkREE0) &
SWRRETF (F)F>)

BN ABLTHREZICL2FRT7 LIS —FEMEYEL - IIEEYE (&
NELFHEET 2 HD0, Z0ERE L 2REELRFOE(ZET)

BETHERAICLIFRYDE (FLALT U EPHEEEET D)
FRBERIFETLAT Y, HDWEHRMERF/-IET7 LIV > OB
BRSO FRIZAL
BEMICERAESMRS L UEEYE
Hah o OBEYE OEER - P
RAVATZRF vy (F/ T7RXFy 0 &88)

FAO & WHO. 2023. Table 5, 6, 7, 8& V) 3

% < DEEN/\H — REFHELC K <A
BNTHD. ENSEFIERNSEESN
CLWIEmICEFHTEITD

B FEOSAEEE LS. EEBEROS
ELEEEHA (HACCP) DLDRRE
REZEEEI AT LARE. BHFORLZIR
RIS T 00 S ANV ERIEIEE

BEN/\Y— R SESEE(CSFENRER
oS3 LE|

- 1EEVROMRBOER. [EEAZA

o IREEEBEIN TULVRUVVEYIFEOREE
M HIREIEER (CIENE I DFTAAAEY)
ZRBEIDCE

o BTERNEEMEEXZ(IFKEBME LT
F1E I DECIEDFE

o HREEEBECHITBINYIOTSANY
BD;EZDu]EEM

FAO & WHO. 2023. p110-111 "4.4 Concerns not
included in the scope of hazard identification"&k D
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3) RAEFRRLGLOUITHBEEDRZITLED (&,

W) Check for updates

Scientific, sustainability and regulatory challenges
of cultured meat

Mark J. Post©'224, Shulamit Levenberg ©3#, David L. Kaplan

5, Nicholas Genovese®, Jianan Fu’,

Christopher J. Bryant?, Nicole Negowetti®, Karin Verzijden' and Panagiota Moutsatsou?

| VOL1]JULY 2020 | 403-415 | www.nature.com/natfood

Table 4 | Summary of key outcomes from consumer surveys on cultured meat

Survey source

YouGov'®®

Pew Research'’

Flycatcher™®

The Grocer'®

Wilks and Phillips'®
Surveygoo'®?

Bryant et al.™?

Year

2013

2014

2013

2017

2017
2018
2019

Sample size and demographics

1,729 adults (18+ years) in the UK

1,001 adults (18+ years) in the US

1,296 adults (18+ years) in the
Netherlands

2,082 adults (16+ years) in the UK

673 adults adults (18+ years) in the US
1,000 adults (18+ years) in the UK and US

3,030 adults in the US (18+ years), India
and China (18+ years)

Question

Imagine artificial meat was available
commercially, do you think you would eat it?

Would you...eat meat that was grown in a lab?

Suppose that cultured meat is available at the
supermarket. Would you buy cultured meat in
order to try it?

Would you ever buy ‘cultured meat’ grown in a
laboratory?

Would you be willing to try in vitro meat?
Would you be willing to eat cultured meat?

How likely are you to try clean meat?

Would
eat

19%

20%

52%

16%

65%
29%
52%

JRHASa=4—L3Y)

Do not Would
know not eat
19% 62%
2% 78%
23% 25%
33% 50%
12% 21%
38% 33%
34% 13%
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3) BAEERLGLUVICHEFODZITIED (& VRYaAZA=yr—L3Y)

®4 BEAICEHIOHBEEREDOILRERDOERN

Would eat Do not know Would not eat
FET F HUTILHAXENOHE B Question BRE | DbhoiGL | BREN
AIALNHERSINTLVSERE |Imagine artificial meat was
1 [YouGov169 20135 |EE BRA1L729A(18FLLLE) [1BLTHTLIZELY, H7%f=1E |available commerqially, do you 19% 19% 62%
FNEBRBEEVET AN ? [|think you would eat it?
" . . Hif-1%.. . EERETE TSM |Would you:--eat meat that o o 0
2 |Pew Research147 20144 |KE R 1,000 A (18 LLE) FRAEBAETH? was grown in a lab? 20% 2% 78%
EERAMNRX—/\—T—4 vk |Suppose that cultured meat
— e o |CAFARETHAHERELFE [is available at the
3 |Flycatcher145 20134 1)7/9 FRA1.296 A (1835 24 I, IEERNEFEALEI N ? |supermarket. Would you buy 52% 23% 25%
cultured meat in order to try
it?
- - R EERETEH CoNT=EEER ] |Would you ever buy ‘cultured N o o
4 |The Grocer148 20174  |HEE RLA2,082A (165 L L) EBSC LIt b YET I meat’ srown i  laboratory? 16% 33% 50%
5 |Wiks and Phillips146| 20174F  |3E FEA (18BELLLE)673 A ﬁﬁ@lﬂ’&ﬁiﬁbfﬁﬂfﬁ& yfrﬂdmsgzi?be willing to try in 65% 12% 21%
6 |Surveveooi62 20184F gﬁiﬁ)ﬁ@ 1,000 ADREA (18 ;%\%WE@’QT(*Lfﬁ/U Z\{Jc?::c:eﬁo;::t'\;villing to eat 299 389 33%
KEGSHEUL), AR, FE |ENUVVERAZEH T AIEEMIXE |How likely are you to try Q o o
7 |Bryant et al.152 2019% (18 LL L) DAL A3,030 A DLBEWLHYFET M ? clean meat? S 34% 13%
A major limitation of all research on consumer acceptance is its hypothetical nature. As there are no cultured meat products
currently available commercially, researchers have been unable to observe consumer preferences in practice or explore
specific aspects of the product which are appealing.
SHEERS(CEITIINRTOATDEELRERSE. TGRS (CH D, IRTEMIRSN TULVIIEEREG (SRS, AT
B IEEBDEIFZERICERRLIED. *"%@iﬂ e EZEARN(CESTEND T BT ENTERRN

—SBEFRNREONAR SN TUORWRIRTE, [EHEOHEEDR T IEHZIEET D L EREEZX 5ND

Mark J. Post et al, Scientific, sustainability and regulatory challenges of cultured meat. Nature Food 1(7): 403-415, 2020.
DOI:10.1038/s43016-020-0112-z
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(11

FIFEDENIP]
- DR ] Z BG U/Eat Justtt CRE. IRFEFGOOD Meattt) DHfiftSERR :
S 2HR—IVBIFIC KD EFRIDEER (20206F) (=D bURTEALHIREER)

- FDAICEKD(FUSH T, mERFIO>HILT—23 2T L. Z2HECHE T8/ FTN EIRna &nt
FEAENIZ. UPSIDE Foodstt CKE) RUGOOD MeatttDHfEERmMR (ZNTN. 2022F KT
2023, B THITZUZZD MUK, RO\ HEROZD MUARTECHEREARER)

- FSANZAY, Vow#t® ( Novel Food& UTD) DX SOHIEERROBF IR LiHliEkiin Lz
Em R (20235F2H)

T EEERR S DENE]

- 2UHR—IVE, HleEERmZNovel Food (FTARBRm) OMRHEIHEADHRTEDIROTED, =2
HR—)VEMET (SFA) HHlfEERmZEONovel Food GiREm) DOREMFHEDEHSH KLUFAQ
(AR (CBRONDEM) (CHAIINEZAR (ZREFHMIECHARDIXEIARSNTLEWN)

- BRIN(E. LWWhBIEERN(INovel Food GiREmMm) & U TUEMITSN. EFSAN BB CnEIRNME
ENEBDIEH (Z2HEFERIER) #F T v I U MEXTIREL TLBIH, E@EDOEEFIAFTRSNTLY
72U\ (FREEERID KUFHmE (322FH)

c A=RAKTUT - Za1——F 2 RIE LWHDBEER(EINovel Food (/2 UEZEISEINDED R
12B)E U THUIEMT SN, LWHDRIEERBEIBDOEZEMERIEHIIETZTETTLVRLAY, FSANZ(E., BE
FOEE(CBWTCEZEHFHE (CHERIBEBZNAFRUTHED.,. BRFFBEND XVFTHIE I RTINS

CREG,. BRMCETRHEII O HILT—S a3 BTl (A4S SR FAESHTL VR ER)
[FCR - B Cl3300]
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