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発表内容に関連し、開示すべきCOI関係にある企業などはありません

発表者：　北嶋　聡
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Scientific, sustainability and regulatory challenges EIEI EE i‘.:."% "D E}im’&ﬁ( Bits

of cultured meat

Mark J. Post®"2%, Shulamit Levenberg ©3#4, David L. Kaplan®%, Nicholas Genovese®, Jianan Fu’,

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

Cellular agriculture is an emerging branch of biotechnology that aims to address issues iated with the envir | Muscle progenitor cells
impact, animal welfare and inability ch of i ammal farming for meat production. Cultured meat can be +
produced by applying current cell culture ices and L f: hods and utilizing lian cell lines and cell
and gene therapy products to generate tissue or nutritional proteins for human consumption. However, significant improve-

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 transformmg cultured meat mto a viable commercial Supporting cells
option, covering aspects from cell selection and medi to ials, tissue i ing, lation and con- Porous edible scaffold
sumer acceptance. with proper stiffness

Co-culture

medium

Endothelial cells

FBS or /\
e e T - f, OF reduction
—— & HE = P
S
e @ @
Harvest Proliferation Biomaterial Maturation ﬁ

8 — O . ;&4 Frns Adipose 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
vascular cells. This can be achieved by combining the respective progenitor cells and triggering differentiation to the final functional phenotype.

Fig. 1| The concept of cultured meat. Stem cells are harvested from mature muscle tissue and adipose tissue precursors and expanded. Mature muscle
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| VOL1]JULY 2020 | 403-415 | www.nature.com/natfood
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2) REMEPLEFER T DEIF
BIHZH TS MRS R MmO R

EE >Om—=I R A—ZRS5UF KE
RU=Z1—S—5>K
BEEOEBEER SFA EFSA FSANZ (USDA-FSIS &
FDA)
MRS ERROMER T Novel Food Novel Food Novel Food AMEH
HMEBEREROMRAFIL—IL |B (Novel FoodZiEA) & (Novel FoodZ%#EH) B (Novel FoodZi#H) |AMH
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2) REMVLHERGDEIR: SoHR—I

2 HR—ILE ST (Singapore Food Agency: SFA)
Novel Foods * D& £ 14 STl S 44

Requirements for the Safety Assessment of Novel Foods

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 Foods DA REG DD XN REGFERE (D7E<EL205ER., EFDBREADEZEHNGL AGRYDANOIZKYBGMICERED—ARELTH
BESNEEBR)ALGVERRVEGRES IRV RRICEET 2MELILEHICR—THAED . BRFTDESICL>TRESNILEYITHS. Ch
BIZDNTIE, SFAOTIRAIARBEZ (THEVRY £ E-85E. WA . RENTEGVIENARESNTND

SFATIIYEZNEXTEHMICEFHITHELTHEY., ABEDEFE A TIE2022F4 A 228 3 axHTh
(ZMD#. 2022926 BT DEF A ARINT-N, HIIBEEEROZEEHITMORNEIZET
ARELGEEAITRHEETOVEL)

HRESEMORHIEEDIT:

HiRaEE B & (Cultured meat) [&. Novel FoodsD#$AA D P CTHERBIAZEZNELT S,

Novel FoodsD & £ il =44 (Requirements for the Safety Assessment of Novel Foods) |IZ&UNT . #RaEE
BB (Cultured meat) (X YD MRRIEENSEAFKEINT-A | EFRTEIN TLVS(Section 4.6):

Section 4.6 Cultured meat& (3, EMMIDMIBIEB N SHFESINT-AZIET . Cultured meat D EE TFEIZ(ZL, 7\
AA T HOE—IZH1T5:ER L% (X IZEFHE) DIEENESTEND, HRZ B IETEEh TIEEL . &
WTIBE | ETHRELTROHFRIZU-E2RZEET S L1HD
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S HR—ILE ST (Singapore Food Agency: SFA)
Novel Foods* D &Z £ TH5 M E 4

Requirements for the Safety Assessment of Novel Foods

HRaE & B M (Cultured meat) DR £ MM I C L E L TEER
1. Novel foods %I ZKH LN B 1FHR
(725 . GMEY - GMIEMZE ALSIG S XS5 EREZ S0 5)
2. HEZnovel food DIFIER UHERIZET H1ERICIE. U TEEH D,
- KB ZFE T Cultured meat® S D4FE
REBTAER RRER]. SAERERFIZDOLNT, ARIERIZEITEHLRNILED ELE
3. HEZnovel food B EICRALVGNASETHREMFFIZET HIBERICIE.
LTEEHAN, CNLIZRESINLLY,
-FRRARRE- (XEMRE. T DOFEICALWLNSEEYE
-1E 4 RRARER. SRETRF. hE A
- BIEAF. B, Bk, MIBIF
4. Bt TFEIZR 9 ZBAREAEREA (R3.2.2-1DIEH 112X LT2EH B,
HRRARR D :E RS . FHRGENS . fARIEIE. 15, M. BB, RFICELIETTOERUEITYTIZENT,
OB A FEEICREERF (VMILA B, ER. FUWFILE) S FEVLSBIIIN TSI E
5. HEEERIZRE T HIE R
6. IEH#IZEE 9 B IEER
7. MRS EME RV ECHEEHOERIZET H1EHR
SRR ICH TSR DETRFEY (F: 25/ LEFTIZEYRESNT-ELD)
- AA—A—{lia¥k ESER L T=Cultured meatEDE [ THIEGEHERNEGFEINT-HZES . TNIZETS
BREELEDURI (UG D DERIBMNGE) SHEAZEE) RVE B EDIRE
8. BMERELDNTF—FIZET . TE&MFFME VIR VERBIEE
Cultured meatDELE AWV =KD EEICEDE. RETHIRIDENVERTE LEDNTF—FKEH
N—F DTN (7 /LGB, bV RD) Th—L@T, TOaT4—L@BIRLZE) EEHEL., BENEE R
TELDBEEERTH-ODREZIRET D
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> > HMR—)LDSFAMS.  [A growing culture of safe, sustainable
meat] EREUTHEITMMNEREN. ERERERZEELTD. /AU
045 — (L K DEEEIEDORN G
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i AnBN, REFRETHIZ, HIBERETH-OHICHRERFOEELD
EL3H5H0ELNGN, TRE. MIEEORERFORGRITEKALLTH
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RREFZERKTESEMICHE T HMiLE . ChoDRERFOREY—
ADFERZEEIBRICRETIL TS,

Bi5: ZOB AT, BEAIIR—AMRIZEY ., thOMFEIZINZ TS—hR—
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KV SRTTEEEH ORBHEREFLIOIC. FIR2HIRBIGEEFIEIND
ZHEMH LT gz ESEET BIEMHHE—MRIZ. BIETIETARE
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tZ&ERN(INovel Food& U THIEST T 5. EFSAN BB ICHEINEENRN
BBEDIER (Z£MERIERH) ZF TV I U MERTIRIEL TLVBHY,
SEDOEEINREINTULRV, BRI Tz ER UIEEE(C(E
LFHEIR X DFRHZEHETND.

A—RANSUTPROZ1—>—52 R

1EERN(EINovel Food (JZIZUERERMNDED ERRD) & UTIEMT
SNTWVD., BERBEEORZEMEFERIEB (LIS TETULRLA, FSANZ
(FREE(CFFNDAREREDHDIEBZEAETL TLD,

KEF :

2019F (CEBOEMEMANUSDA-FSIS (KEEFRAERTEREBER) &
FDA CKEEREZFRME) ([CLBDd3pBEGH ERERENIEH., AHIREICD
W TCOEMRNREBIRIZR XTI,

—FDA(&. Upside Foodstt&®dD., WLWHWAREER(CDE., miReId>Y)L
> —=>3 /%%QTL/ ﬁ@'li(;&ﬁg—% Fﬂﬁ(ic_ﬂlf/(ifd\(/\c_c‘:_%%ﬁﬁ CKE
BFRI2022E118168 (K) ) [AXER - ERALE CIFIRUN]

FDA HPXL 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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&  https://www. alic. go. jp/joho—c/joho05_000777. html

USDA-FSIS (United States Department of Agriculture — Food Safety and Inspection

Service: REIEHBEBERTERER)
FDA (Food and Drug Administration: XEBmMEZERE)
HHS (Department of Health and Human Services : KE{RIE{E#LE)
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FDAWTHERRI > HILT—2 3> 217D 2 &ld. 2019FMDFDA-USDADEEXE(ICENMMTULD

Upside FoodsttS/KNTIBEUZERN . [HEICIRESNIEHRZEHMHL. RS
THRMHOZEE(CE I diEsmICc SN DR (EIRU ] EFDADYFERR

( Upside Foodstt(d, tHRTHIOH TCFDARMEREBIO> YL —> 3> Z & T Ule
EERRDE) KERRI20226118168 (k) [HAGR - SREECT(I7RUN]

S RS TIEOMREERI D DiFEixe U FDAOEAZimIZ I Z L (TR T,
St (X I DAREHFEAEmEZERER (USDA-FSIS) MIREFFrEIZHIS I D
WHENH D] (FDA) [BECS > HR—=)LTIEWOD DIFERNDIRTE L IHE N HAGRA]

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—ARE MQ" T
* %Hﬂﬂ@@ﬁ%ﬁﬁ 5£ (How the cells are isolated)
y 'E) L) \\/gd)'ﬂzﬁ%ﬁ 5£ (How the cell bank is made)
- fHREDMENE - DB T DIRDIBEEIE CERASNIYE

(Substances used in the E.Lllturf 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) MRS EDORMER S BEHZEIR T DA

'fIE;EO)ﬁEI IZI)J[II (L_ F'j (/j'j:_zm:u:l (Product that is harvested for use in conventional food processing)

FDA HPK D : 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
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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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3) BRAEXERLGLUVITHEBRDRZITIED (&, YRY3AZ2a=Hr—23Y)

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 Year Sample size and demographics Question Would Donot Would
eat know  not eat
YouGov'®* 2013 1,729 adults (18+ years) in the UK Imagine artificial meat was available 19% 19% 62%
commercially, do you think you would eat it?
Pew Research'’ 2014 1,001 adults (18+ years) in the US Would you...eat meat that was grown in alab? 20% 2% 78%
Flycatcher 2013 1,296 adults (18+ years) in the Suppose that cultured meat is available at the  52% 23% 25%
Netherlands supermarket. Would you buy cultured meat in
order to try it?
The Grocer'*® 2017 2,082 adults (16+ years) in the UK Would you ever buy ‘cultured meat’ grownina 16% 33% 50%
laboratory?
Wilks and Phillips™® 2017 673 adults adults (18+ years) in the US Would you be willing to try in vitro meat? 65% 12% 21%
Surveygoo'®? 2018 1,000 adults (18+ years) in the UK and US  Would you be willing to eat cultured meat? 29% 38% 33%
Bryant et al.* 2019 3,030 adults in the US (18+ years), India  How likely are you to try clean meat? 52% 34% 13%

and China (18+ years)
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3) BREERLGLVICTHEBEEZEODOZITIED (& YRYaAZ2=HFr—3Y)

®4 BEEAICEHIOHEEREDILRERDOERN

Would eat Do not know  Would not eat
AET F ST AXEANOfH B Question BR3 bhoily | BREL
AIZALNHERSNTLNSER |Imagine artificial meat was
1 [YouGov169 20135 |EE BRA1L729AN(18FLLLE) |[1BLTHTLIZELY, H7%f=1d |available commercially, do you 19% 19% 62%
FNEBRDEENETH ? |think you would eat it?
" . . Hif-1%.. . EERETEH TS |Would you---eat meat that o o 0
2 |Pew Research147 201445 [kE B A1,000 A (18 LLLE) FRAEBAETH? was grown in a lab? 20% 2% 78%
EBRMNRX—/\——4 vk |Suppose that cultured meat
N . |CAFAETHDSEMRELE |is available at the
3 |Flycatcher145 20134 1)7/9 FRAT.296 A (1835 24 I, IEERNEFEALET M ? |supermarket. Would you buy 52% 23% 25%
cultured meat in order to try
it?
- - R EERETEH Con=IEE A 1|Would you ever buy ‘cultured N 0 o
4 |The Grocer148 20178 |RE BA2082A (6RELE) | g L o o porataras | 16% 33% 50%
5 |Wiks and Phillips146| 20174F  |3RE BEA (18EELLLE)673 A ﬁﬁ@lﬂ’&ﬁiﬁbfﬁﬂfﬁ& Would you be willing to try in 65% 12% 21%
: vitro meat?
6 |Surveveool62 20184F g%iﬁ)ﬁ@ 1,000 ADRXA (18 ;%\%Pﬁ’&ﬁ’*f(*bfﬂ'/u Z\{Jc?::c:ezo;::t'\;villing to eat 299 389 33%
KEGSHEUL), AR, FE |ENUVVERAZEHT AIEEMIXE |How likely are you to try a 0 o
7 |Bryant et al.152 2019% (18sE LI L) DR A3,030 A DLBLNHYFET M ? clean meat? 2 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.
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