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Bevyond tradit
coffee

From cell culture to surroge
way to syntenic coffee

Prof. Dr. Chahan Yeretzian
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'y Dally consumption + 2 billion cups i
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Source: Statista Market Insights (https://www.statista.com/outlook/cmo/hot-drinks/coffee/worldwide#revenue






Source: https://8billiontrees.com/carbon-offsets-credits/coffee-carbon-footprint/



Source: https://alec.oce.global/sites/default/files/2023-04/C1%20EN_0.pdf



Source: https://8billiontrees.com/carbon-offsets-credits/coffee-carbon-footprint/
J. Poore & T. Nemecek, SCIENCE, 1 Jun 2018 Vol 360, Issue 6392, pp. 987-992, DOI: 10.1126/science.aaq0216
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Source: Interamerican Development Bank Source:
https://www.iadb.org/en/improvinglives/most-unexpected-effect-climate-change https://intelligence.coffee/2022/08/coffee-producers-manual-harvesting-costs/



Ensure Supply

Coffee consumption has been'steadily increasing ovemmany decades and is
part of our daily routine and life=style.. ===, = ol B

In contrast to the posm the'consumption side, risks are appearing
on the production side. Production 5__ llenged by climate change, pests &

diseases, rural depopulatlo [anc s tutior v crative crops
Rising temperatures will reduce*t ‘
50% by 2050. Coffee is thrt{&i d

formatlon from
ive with high external
nd water. More
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zeevee A Molecular Reconstitution of the Coffee

methyl sahcylate

d-viny lguniace | s
,.-"
I-ethylply '1Jul f._ﬂ_ ks

P, % =
-
d=cthylg uasa II "‘P

guaiacol =

N-metbylpyrrole-  w \\ ..-'r

2-cnrboxaldehyde

Z-aceiyl-3- nul.'h\lp'.ru.nln.

".,
v 4
/ EE;"“;;./'<
N,

W .
\ sple ”'“"-'d__/f

4
/\x/

zh Life Sciences and
a Facility Management

o 0AV ol hot brew collfee
&— 0AY ol colkl brew colles

seq limnlonl

.
A

" lurfury acetale

g i D9
S _,-"’-' tethiy b2 S=dimathyl-py mone

il
2omethyipyrazine

2 Uh"rl G-methy lpyrazine

2 O-ticthy Ipyreine

15



s A Molecular Reconstitution of the Coffee a
Experience

Nasal chemoreception Oral chemoreception
(Smell) (Taste)

Olfaction
HEARING Gustation

Chemical
senses
A

= sweet, sour, salty,

S __ Odour Aroma ( _ : L

© bitter, umami)

[ (orthonasal) (retronasal)
_E o Chemical irritation Chemical irritation

TReTE SHELL ;C: & —= (nasal trigeminal sensations) (oral trigeminal sensations)
)
-én n e.g. pungent e.g. heat, cooling
© n
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(. Touch (ot
c
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[ Long-Term Impact: Caffeine, Antioxidants, health / wellness active compounds ]

Coffee Excellence Center ZHAW Zurich University of Applied Sciences www.zhaw.ch/icbt/coffee 16

The 5 senses + trigeminal irritation




zh Life Sciences and
a Facility Management

zee From Coffee Tree to Synthetic Coffee

ENT ER
& -

Traditional Coffee : Second-Life Coffee : »
| Coffee Alternative from | Traditional Surrogates
I Coffee By-Products | i.e. Chicory Coffee C ff
I %’w | orree
| R | 0§ Imitations
I =P Coffee pulp I
| = |
I : I
I =P Spent ground I
- e
| |
| I
i i
| I
I I |
I " '?' I [ | l i [ rﬂo /\’l:N:ﬂ\\
I j f" J:-: i3 I (0] l ¢ ‘() @
e u NS M
I g | L L Py
| I L
: ; ANOTHER I 7 7
Coffee | /% . S
| |
[ Cell Cultured Coffee : “‘Novel” Surrogates Synthetic / Molecular coffee




zeueve: Coffee Surrogates 1940 R

CENT

Non-coffee products, usually without caffeine, that are used to imitate coffee

Typical ingredients: almond, asparagus, malted barley, carrot, chicory root, corn, soybeans, cottonseed, boile-down molasses,
okra seed, pea, potato peel, sweet potato, ...
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Coffee Surrogates Today

Coffee 52 %, Chicory 48 %

Coffee Excellence Center ZHAW Zurich University of Applied Sciences www.zhaw.ch/icbt/coffee

Icamien, shéd Jeczmienny, cykor, 0

Barley, barley malt, Chicory, Rye
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Novel Surrogates / Coffee Substitutes

BEAN-FREE COFFEE

COFFEE FREE COFFgg
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Date Seeds, Ramon Seeds, Sunflower Seed Extract, Fructose, Pea Protein, Millet, Lemon,
Guava, Defatted Fenugreek Seeds, Caffeine (100 mg of per serving), Baking Soda

Coffee Excellence Center ZHAW Zurich University of Applied Sciences www.zhaw.ch/icbt/coffee 22
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BEAN-FREE COFFEE

Banley
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Coffee Free Coffees are made from non-
tropical ingredients. By meticulously fine-
tuning the combination of natural molecules,

our ultimate goal is to mimic coffee down to
the details. COFFEE FREE COFFgg

no't“ rn Roasted lupin, barley, chickpeas, chicory,

natural aroma, dried black currant, citric
e r acid and caffeine.

The decaf version does not contain
caffeine.
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0000 29)
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Center cut

Bean

Silver skin

Parchment (hull)

Pectin layer

Pulp

Outer skin
(cascara)
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Fermentation

Cleaning Washing Sorting Grinding
. Cleaning Cleaning beans Grading Roasting beans .
Pulping . : Brewing
Drying Roasting
Dehulling
Coffee pulp  Coffee husk Coffee Spent
silver skin ground
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e SCG-based novel type food applications .

Pre-treatment

 Enzymatic hydrolysis

| Yeast fermentation

Spent Coffee : :
Grounds (SCG) | Maillard reaction

|
|
| -
|
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“Barriers”
 Nagovya Protocol
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Coffee Brew — Extraction and Cupping

Caramalization
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Constituents
Sucrose

I Monosaccharides
Proteins

I Amino acids
Lipids
Organic acids
Chlorogenic acids
Caffeine
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Minerals

Carbohydrates&QOthers
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weevee Particle Size Distribution “Plug & Play”

PSD of traditional coffee (TC)

TC G&R-TC
¥ [um] at Q3 = 10.0 %: g4 189
X [um] at Q3 = 50.0 %: 3.2 83.2
x[um] atQ3=90.0%: 2378  538.1

1 10 1000

PSD of cell-cultured coffee (CC)

CC  R-CC
x [um] at Q3 = 10.0 %: 6.4 61.8
x[pm]atQ3=50.0%: 635  190.1

x[um] at Q3 =90.0%: 2467 4535
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Get in touch

www.zhaw.ch/icbt/coffee

Sign up to our
CEC Instagram quaterly
and Linkedin Newsletter
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