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General tissue engineering principle Murphy, Eur Cell and Mat, 2013 



Tissue engineering for steaks: Aleph
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How to keep the stemness of bovine satellite cells?
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Long-term p38 inhibition maintains differentiation abilities
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SUSTAINABILITY

serum recyclecollagen



No serum, no antibiotics

Moritz MSM, 2015. J of Integr Agric
Verbruggen S, 2017. Cytotechnology
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sustainability: gel contraction
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Alternative polymers

• cellulose
• silk
• chitin
• carrageenan

• functionalization 
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creating fat tissue 

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

Fa
t c

on
te

nt
 (A

U
)

no insulinBovine ADSC in alginate



Hsaio et al, Adv Healthcare Mat 2016







193 participants

N=65

Sensory analysis
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Sensory analysis Sensory analysis

Info 1
Social benefits 

Info 3
Meat quality and taste

Info 2
Personal benefits

Are acceptance and taste dependent on type of info? 



0

20

40

60

80

100

before info after info after taste

Favour?

0

20

40

60

80

100

before info after info after taste

Taste?

0

20

40

60

80

100

before info after info after taste

Buy?

0

20

40

60

80

100

before info after info after taste

Replace?

societal
personal
quality



surveys

0

20

40

60

80

100

yougov pew research flycatcher Grocer Wilks Surveygoo Bryant

Chart Title

yes don't know not

2013, US 2014, US 2013, EU 2017, UK 2017, US 2018, US/UK 2019, US
India, China

Bryant, 2019




cell prod 5E6

																																growth		harvest		energy		plastic

		system		doubling#		cell#		current loss		cells left		cells left		cells left		cells left		cells left		format		cells/cm2 or L		cm2 or oL		kg leather				labour sec		ml medium		ml trypsin		(kWh)

		T-flask		1		2.00E+05														T-flask										167								1

		T-flask		2		4.00E+05														T-flask

		T-flask		3		8.00E+05		10%		7.2E+05										T-flask		9600		75		7.2E-05						15		7.50		0.00

		10-layer factory		4		1.60E+06				1.4E+06										10-layer factory										470								1

		10-layer factory		5		3.20E+06				2.9E+06										10-layer factory

		10-layer factory		6		6.40E+06				5.8E+06										10-layer factory

		10-layer factory		7		1.28E+07				1.2E+07										10-layer factory																		1

		10-layer factory		8		2.56E+07				2.3E+07										10-layer factory

		10-layer factory		9		5.12E+07		10%		4.6E+07		4.1E+07								10-layer factory		8050		6360		0.0E+00				470		2000		636.00		0.04

		tank, µcarrier		10		1.02E+08						8.3E+07								100 L Stirr tank		4.E+05

		tank, µcarrier		11		2.05E+08						1.7E+08								100 L Stirr tank		8.E+05

		tank, µcarrier		12		4.10E+08						3.3E+08								100 L Stirr tank		2.E+06

		tank, µcarrier		13		8.19E+08						6.6E+08								100 L Stirr tank		3.E+06

		tank, µcarrier		14		1.64E+09		30%				1.3E+09		1.1E+09						100 L Stirr tank		7.E+06		100		0.13				4500		1.00E+05		1000		2.64

		tank, µcarrier		15		3.28E+09								2.3E+09						2000 L Stirr tank		6.E+05

		tank, µcarrier		16		6.55E+09								4.5E+09						2000 L Stirr tank		1.E+06

		tank, µcarrier		17		1.31E+10								9.0E+09						2000 L Stirr tank		2.E+06

		tank, µcarrier		18		2.62E+10								1.8E+10						2000 L Stirr tank		5.E+06

		tank, µcarrier		19		5.24E+10		30%						3.6E+10		3.1E+10				2000 L Stirr tank		9.E+06		2000		3.07				44050		2.00E+06		20000		54.49

		tank, µcarrier		20		1.05E+11										6.1E+10				25000 L Stirr tank		2.E+06

		tank, µcarrier		21		2.10E+11										1.2E+11				25000 L Stirr tank		5.E+06

		tank, µcarrier		22		4.19E+11										2.5E+11		2.1E+11		25000 L Stirr tank		1.E+07				20.86				97510		2.50E+07		250000		611.07

																												total		147167		27102015		271643.5		668.24



				90%		recovery plates

				85%		recovery µcarriers

		overall yield		50%		stop @ 25,000L

				1.00E+10		cells/kg leather

																w/o recycling		w recycling

				sample prep		growth		harvest		cleaning***		tissue formation		medium recycling****		total cost/kg		total cost/kg				calculation GF when produced in house

		consumables (FBS)		€26.80		€1,058,984		€9,203				€21,180		-€540,081.91		€1,089,394		€549,312				cost €		4		g

		consumables (if GFs)*		€26.80		€213,023		€9,203				€4,260		-€108,641.69		€226,513		€117,872				# GFs		7		GF

		consumables (if GFI)**		€26.80		€6,777		€9,203				€136		-€3,456.06		€16,142		€12,686				average conc		1.00E-05		g/ml

		scaffolding material										€300				€300		€300				price €/ml		0.00028		€/ml

		energy				€167				€9						€176		€176

		labour (incl harvest, 12 €/hr) 		€48.00		€491								€491		€539		€1,029				equipment

		equipment €/kg		€10.00		€1.25						€5.75				€17		€17				reaction vessels

		total cost (if GFI)														€17,174		€14,208				€5,000,000		investment for 200,000 kg 

		total cost/kg														€823.12		€680.99				5%		depreciation/yr

																						tissue formation equipment

																						€23,000,000		investment for 200,000 kg

		*: no FBS, in house production of substitutes (GFs)																				5%		depreciation/yr

		**: in house fabrication of medium at € 0.50/L

		*** highly speculative, mostly based on energy requirement to sterilize

		****: after 2 passages  (6-7 doublings), 50% of nutrients in medium are still present. Medium is changed because of waste accumulation

		waste is lactate and NH3, which can be removed and represent value (lactate as polymer and NH3 as nitrogen source)

		it is assumed that the cost of recycling is balanced by the value of the waste





		50 kg water in 25 m3

		specifiek volume waterdamp=37.4 L (or kg)

		specifiek volume water=12.6 L (or kg)

		bij 130∘C energy water heating 555.45 kJ/kg

		vaporization 2170 kJ/kg









cell prod 5E7

																																growth		harvest				plastic

		system		doubling#		cell#		current loss		cells left		cells left		cells left		cells left		cells left		format		cells/cm2 or L		cm2 or oL		kg leather				labour min		ml medium		ml trypsin		energy (kwh)

		T-flask		1		2.00E+05														T-flask																		1

		T-flask		2		4.00E+05														T-flask

		T-flask		3		8.00E+05		10%		7.2E+05										T-flask		9600		75		0.0E+00				167		15		7.50		0.00

		10-layer factory		4		1.60E+06				1.4E+06										10-layer factory																		1

		10-layer factory		5		3.20E+06				2.9E+06										10-layer factory

		10-layer factory		6		6.40E+06				5.8E+06										10-layer factory

		10-layer factory		7		1.28E+07				1.2E+07										10-layer factory																		1

		10-layer factory		8		2.56E+07				2.3E+07										10-layer factory

		10-layer factory		9		5.12E+07		10%		4.6E+07		4.1E+07								10-layer factory		8050		6360		2.3E-03				470		2000		127.20		0.05

		tank, µcarrier		10		1.02E+08						8.3E+07								100 L Stirr tank		4.E+05												1000

		tank, µcarrier		11		2.05E+08						1.7E+08								100 L Stirr tank		8.E+05

		tank, µcarrier		12		4.10E+08						3.3E+08								100 L Stirr tank		2.E+06

		tank, µcarrier		13		8.19E+08						6.6E+08								100 L Stirr tank		3.E+06

		tank, µcarrier		14		1.64E+09		30%				1.3E+09		1.1E+09						100 L Stirr tank		7.E+06		100		0.13				4500		1.00E+05		2000.00		2.55

		tank, µcarrier		15		3.28E+09								2.3E+09						2000 L Stirr tank		6.E+05

		tank, µcarrier		16		6.55E+09								4.5E+09						2000 L Stirr tank		1.E+06

		tank, µcarrier		17		1.31E+10								9.0E+09						2000 L Stirr tank		2.E+06		2000		1.53				44050		2.00E+06				45.27

		tank, µcarrier		18		2.62E+10								1.8E+10		1.5E+10				4 X 2000 L Stirr tank		1.E+06

		tank, µcarrier		19		5.24E+10		30%								3.1E+10				4 X 2000 L Stirr tank		2.E+06

		tank, µcarrier		20		1.05E+11										6.1E+10				4 X 2000 L Stirr tank		8.E+06

		tank, µcarrier		21		2.10E+11										1.2E+11				4 X 2000 L Stirr tank		2.E+07

		tank, µcarrier		22		4.19E+11										2.5E+11				4 X 2000 L Stirr tank		3.E+07

		tank, µcarrier		23		8.39E+11										4.9E+11		4.2E+11		4 X 2000 L Stirr tank		6.E+07		8000		41.73				176200		1.60E+07		40000		335.86

																												total		225387		18102015		43134.7		383.74



				90%		recovery plates

				85%		recovery µcarriers

		overall yield		59%		stop @ 25,000L

				1.00E+10		cells/kg meat

																w/o recycling		w recycling

				sample prep		growth		harvest		cleaning		tissue formation		medium recycling		total cost/kg		total cost/kg				calculation GF when produced in house

		consumables (FBS)		€26.80		€707,318		€1,461				€14,146		-€360,732.25		€722,953		€362,220				cost €		4		g

		consumables (if GFs)		€26.80		€142,283		€1,461				€2,846		-€72,564.11		€146,616		€74,052				# GFs		7		GF

		consumables (if GFI)		€26.80		€4,526		€1,461				€91		-€2,308.38		€6,105		€3,797				average conc		1.00E-05		g/ml

		scaffolding material										€300				€300		€300				price €/ml		0.00028		€/ml

		energy				€96				€9						€105		€105

		labour		€48.00		€751								€751		€799		€1,551				equipment

		equipment €		€10.00		€1.25						€5.75				€17		€17				reaction vessels

		total cost (if GFI)														€7,326		€5,769				€5,000,000		investment for 200,000 kg 

		total cost/kg														€175.57		€138.25				5%		depreciation/yr

																						tissue formation equipment

																						€23,000,000		investment for 200,000 kg

																						5%		depreciation/yr

		*: no FBS, in house production of substitutes (GFs)

		**: in house fabrication of medium at € 0.50/L

		***: speculative

		****: after 2 passages  (6-7 doublings), 50% of nutrients in medium are still present. Medium is changed because of waste accumulation

		waste is lactate and NH3, which can be removed and represent value (lactate as polymer and NH3 as nitrogen source)

		it is assumed that the cost of recycling is balanced by the value of the waste

		scaffolding material 10% of initial mass















sample prep

		Skin

		Extract cells from Biopsy and store

		Materials

						amount				price		unit		cost €

		taking biopsy

				biopsy						10				€10.00

				total										€10.00



		Per Isolation (0.5 g)

				Ethanol		1		ml		200		4L		€0.05

				Dish		2				80		176 pcs		€0.91

				Low glucose DMEM		20		ml		15		500 ml		€0.60

				total										€1.56

		Collagenase Solution

				Collagenase type 1 or 2		0.2%				200		g		€0.00

				PSA		3.0%				16		100 ml		€0.00

				DMEM (22320-022)		96.8%				300		10 L		€0.03



				amount of  per gram isolation		2.00		ml/gram

				total amount		1.00		ml						€0.04



		Break up Collagen

				Amount of Isolation per tube initially		0.5		grams

				Number of tubes per sample		1.0		tubes		250		500 pcs		€0.50

				50ml pipette

				10ml syringe		1				35		100 pcs		€0.35

				10ml pipette		1				50		200 pcs		€0.25

				total										€1.10



		Stop digestion

				Isolation Medium		5		ml per tube		300		10 L		€0.75

				PBS		10		ml per tube		60		1 L		€0.60

				total										€1.35



		Centrifugation

				new tubes		1.0		tubes		250		500 pcs		€0.50

				total										€0.50



		Filtration

				PBS		25		ml		60		1 L		€1.50

				Isolation Medium		5		ml		300		10 L		€0.75

				tube		1.0		tubes		250		500 pcs		€0.50

				100um filter		1		pcs		181		100 pcs		€1.81

				total										€4.56



		Erythocyte Lysis Buffer

				NH4CL		8.02		gr		100		500 g		€1.60

				NaHCO3		0.84		gr		60		500 g		€0.17

				EDTA		0.37		gr		100		100 g		€0.37

				MQ Water (add up to)		100		ml		0.5		1 L		€0.05

				dilute		10		times

				total 40 µl/initial isolation of 0.5 g										€0.0001



				PBS		5		ml		60		1 L		€0.30

				add isolation medium		5		ml		300		10 L		€0.75

				PBS		5		ml		60		1 L		€0.30

				total										€1.35



		Filtration

				PBS		5		ml		60		1 L		€0.30

				Filter 40um		1		pcs		266		50 pcs		€5.32

				total										€5.62



		Count

				PBS		5		ml		60		1 L		€0.30

				Trypan blue		5		ul		15		100 ml		€0.00

				total										€0.30



		Freeze

				Freezing Medium:

				FBS		90%				0.32		ml		€0.20

				DMSO		10%				80		25 ml		€0.22

				amount		700		ul/2E06 cells

				total										€0.43



				Grand total										€26.80





		Labour

				Wash in ethanol

				Wash 3x with destilled de-ionized water

				Add DMEM to maintain pH

				Add collagenase in 50 ml tubes

				mechanical disruption		5		minutes per 0.5 g

				Incubate in waterbath and break up the collagen 		5		minutes

				Divide into 3 tubes

				add F10 medium and FBS

				Centrifugation, 70g 3 min.

				add supernatant to new tubes

				Centrifugation 800g 5 min

				Aspirate and throw away supernatant

				add PBS to initial tubes, repeat steps from centrifugation 2 times, add the supernatant to the tubes with cell-pellet before 800g centr.

				adding PBS and IM

				filtration through 100um filter

				Centrifuge for 5 min at 800g

				adding Erythocyte Lysis Buffer to get rid of red blood cells

				wait one minute

				add PBS

				Centriuge 800g 5 minutes

				resuspent pellet

				add PBS and IM

				filter 40um to new tube

				Centrifuge for 5 min at 800g

				resuspent in PBS

				count cells

				freeze cells

				Labour in the lab …								hrs		4

				Total costs										€48.00





		total cost												€74.80





growth

		Leather

				Cell Proliferation

				Reactor

				Materials

				Surface

						10 layered Flasks price per unit		€    133.63		euro

						Surface per unit		6360		cm2

						price per cm2		€    0.02		euro/cm2



				Harvesting

						Trypsine

: Jonathan Breemhaar:
Check with Geertje Latest  

						price per mL		€    0.03		euro/mL

						Required Quantity		0.1		mL/cm2





								T-75		10-layer		100L		2000L		25000L		#10-layer		#100L		#2000L		#25000L

				Labour				Time (sec)		Time (sec)		Time (sec)		Time (sec)		Time (sec)

				Seeding

						Warm up medium		10		10		10		600		6000		1		1		1		1		if 5E6

						mix medium and cells		10		10		10		600		6000		1		1		5				if5E7

						add to flask/tank		30		30		30		600		1200

				Feeding								0

						Warm up medium		10

						Aspirate		0.5

						Add new medium + bFGF		2

						energy

				Harvesting

						Aspirate medium		5		20		600		6000		12000

						rinse PBS		15		15		600		6000		12000

						Apirate PBS		5		20		600		6000		12000

						Add trypsin		10		15		600		6000		12000

						Place in incubator (5min)		5		10

						Add trypsin inhibitor (TNS)		10		20		600		6000		12000

						Transfer to centrifuge tube		10		60		60		60		120

						Centrifuge (5min)		10		10		10		10		10

						Aspirate supernatant		5		10		600		6000		12000

						Resuspend cells in growth medium		10		60		600		6000		12000

						Count cells		20		180		180		180		180

				Total				167.5		470		4500		44050		97510



						Total labour if 5E6		40.75		hrs

						total labour if 5E7		62.61		hrs





				Medium

				Materials

				Growth Medium (GM)				Percentage		price per ml		Price GM per ml		price F10+GFs		price Selfmade+GFs

						F10		90%		€    0.01		€    0.01		€    0.01

						FBS		10%		€    0.32		€    0.03

						self made medium		100%								€    0.0003

						PSA Penicillin/Streptomycin/Amphotericin		0%		€    0.21		€    - 0

						FGs								€    0.00000004		€    0.00000004		10 nano gram per ml

						Total price per ml GM if FBS						€    0.04

						Total price per ml GM if GFs								€    0.01		€   0.000

						Total price per ml GM if GFs, GFI



						Number of days before refreshing GM		5.0		days

						Amount of growth medium		0.2		ml/cm2				condition				density		cost

						Total amount of GM if 5E6		27,102,015		ml				GM+FBS				5.00E+06		€1,058,984

						Total amount of GM if 5E7		18,102,015		ml								5.00E+07		€707,318

														F10+GFs				5.00E+06		€213,023

																		5.00E+07		€142,283

														Selfmade+GFs				5.00E+06		€6,777

																		5.00E+07		€4,526

				Energy

						initial heating (20ºC -> 38ºC)		0.021101993		kWh/L

						maintenance (see  Türker et al)		0.0278		kW/hr/kg









€ 15/L
glucose, aminoacids, vitamins, minerals

Groeifactoren (6 eiwitten)

+ +







Disruptive?           No, because:

• Still quite a bit or R&D required
• 3D full thickness steaks
• Regulatory approval
• Setting up a large volume global production system and 

accompanying supply chain of cell culture feeds
• Mass consumer acceptance (price, taste, availability)
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