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of cultured meat

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 ion. 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
S - . i
- S Y g L
Muscle
Harvest Proliferation Biomaterial Maturation
Adi it L

8 Y O N FFAs 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
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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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 REGDDIETRERFERE (D7E<EL205FEMR., EFDBREADEBZENGL AGYDANOIZKYBGMICERED—ARELTH
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HRaEE B & (Cultured meat) [&. Novel FoodsD#AA D P CTHERBIAZREZNELT S,

[Novel FoodsD &£ il =4 (Requirements for the Safety Assessment of Novel Foods) |IZ&UNT . #RaES
BB (Cultured meat) (X EYIDMRRIEENSEAFKINT-A | EFRTEIN TLVSH(Section 4.6):

Section 4.6 Cultured meat& (3, EMMIDMIRIEBNSHFESINT-AZIET . Cultured meatDEE TFEIZ(L, /N
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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—AE MQ" T
* %Hﬂﬂ@@ﬁ%ﬁﬁ 5£ (How the cells are isolated)
* 'E) L) \\/gd)'ﬂzﬁ%ﬁ 5£ (How the cell bank is made)
- fHREDMENE - DB T DIRDIBEEIE CERSNIYE

(Substances used in the E.Lllturf process\as the cells multiply and differentiate) %EEFERﬁ%(uBLT%JL%@/ \"j" |\n:|:ﬁﬂj
- AETOTCRICHITDIBENRU R TVBERDE R —| anas@@iis oL CEfssh
(Consideration of potential risk factors in the production process) MRS EDOMER S BEHZEIR T DA

'fIE;EO)ﬁEI IZI)J[II (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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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%

Do not Would
know not eat
19% 62%
2% 78%
23% 25%
33% 50%
12% 21%
38% 33%
34% 13%
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®4 BEEAICEHIOIHBEEREDOILREROERN

Would eat Do not know Would not eat
FET F HUTINHAXENOHE B Question BRD | DbhoiGL | BREN
AIALNHERSINTLVSERE |Imagine artificial meat was
1 [YouGov169 20135 |EE BRA1L729A(18FLLLE) [1BLTHTLIZELY, H7%f=1d |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
NN o |CAFRRETHAHERELFE [is available at the
3 |Flycatcher145 20134 1)7/9 FRA1.296 A (1835 24 I, IEERNEFEALEIT N ? |supermarket. Would you buy 52% 23% 25%
cultured meat in order to try
it?
- - R EERETEHE CoNT=EEERA ] |Would you ever buy ‘cultured N o o
4 |The Grocer148 20174  |BEE BLA2,082A (165 L L) EESC LIt b YET I meat’ srown i  laboratory? 16% 33% 50%
5 |Wiks and Phillips146| 20174F  |3E FEA (185ELLLE)673 A ﬁﬁ@lﬂ’&ﬁiﬁbfﬁﬂfﬁ& Would you be willing to try in 65% 12% 21%
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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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