


“The future is not a predefined destination, a separate space or time  

The future is a multiplicity of ideas, critiques and potentialities that are 
embedded in the narratives, objects and practices of our daily lives  

In this sense, multiple, often conflicting, futures are always already here as part 
of a continuously unfolding present and past” 

Kjaersgaard, Halse, Smith, Vangkilde, Binder & Otto 



The current environmental crisis, a consequence of the broken relationship we established 

with the planet, prompts the question: what sort of future awaits us? Which materials, 
artifacts, resources and systems will populate the planet in fifty years?



RQ1 – How design places itself in the transdisciplinary dimension of 
biofabrication? 

RQ2 – How far its range expands and which are indeed its limits? 

RQ3 – Which is the contribution of designers in fostering the application, 
appreciation and consequent diffusion of biofabricated materials? 



HANDS-ON 
PART II



HOW TO DESIGN WITH NATURE 
BASIC EXPERIMENTS

No action without research, no research without action 
Kurt Lewin

Action Research

Experience as starting point for Knowledge Building
John Dewey

Learning-by-Doing

Experience as central process of human adaptation to 
the social and physical environment 

David Kolb

Experiential Learning



basic experiments: methodology
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5.2.1. Bacteria: s.c.o.b.y.

5.2. Exploring the evolving matter: basic experiments

Bacterial nanocellulose is the byproduct of the fermentation process of a symbiotic culture of bacteria 
and yeasts or scoby. During the process the yeasts ferment sugar turning it into ethanol, which is in its 
turn converted into organic acids by bacteria (as Acetobacter or Gluconaceobacter). As a result of such 
a process nanocellulose fibrils are spun in the culture container and are stratified on the surface of the 
growing medium and join together creating a unique layer. In order to grow, the culture requires an 
acidic environment with a pH between 2.5 and 3.5, oxygen since it is an aerobic process, and a tempe-
rature between 20-30° C. 

• Wear gloves and sterilise all the containers and instrument used to prevent 
contamination

• Boil the water, add the sugar and stir, then add the teabags and leave to rest

• Wait until the water cools and reaches room temperature, measure the pH 
and gradually add vinegar to reach the right acidity

• Add the scoby, use the weight to keep it on the bottom of the container

• Cover the container with a breathable cloth or a lid

• Keep in a dark ventilated environment without moving the container

• When reached the desired thickness harvest the material from the surface, 
wash it with neutral soap and rinse with water

• Place it on a flat surface for drying (different surfaces will result in diffe-
rent surface textures), remove all the air bubbles, turn it periodically on 
both sides until dry

* the remaining liquid can be used as starter for a new culture, it is already acid 
so ther is no need to add vinegar, and can be feed with new sugars to continue 
the fermentation process again and again

TOOLS
drying panel

stove 

beaker 

ethanol

pH-meter

weight

gloves 

scale 

rubber bands

container

pipettes 

pot 

spoon

cloth/lid

INGREDIENTS

PROCESS

Cn(H2O)n

sugar
H2O

water
CH₃COOH

vinegar tea s.c.o.b.y.

bacteria: S.C.O.B.Y.



algae: alginate bioplastics
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5.2.2. Algae: alginate bioplastics

Sodium Alginate – NaC6H7O6 – is derived from the extraction of alginic acid, a polysaccharide present 
in brown algae cells. Once hydrated it forms a viscous gum which is often used  as a thickener or gelling 
agent in the food, pharmaceutical and cosmetic industry. The reaction with calcium chloride solution, 
creates a shrinking in the mixture, and turns it into an hydrophobic and edible material. Such reaction 
is the same used for spherification in molecular kitchen and food science.

• Pour the alginate powder, water, glycerine and any other additive in the 
blender and mix

• Pour it in a jar and leave it rest overnight to let the air bubbles disappear
• Prepare the calcium chloride solution and put it in the spray bottle

For thicker bioplastics: 
• spray the mould with the calcium chloride solution
• cast the material
• spray it with calcium chloride solution and let it dry

For thin biofilms:
• spray the surface with the calcium chloride solution
• pour the mixture on the surface and smooth with a spatula

• spray it with calcium chloride solution and let it dry

For strings: 
• prepare a vertical jar filled with the calcium chloride solution,

• inject the mixture in the syringe and extrude it in the jar

• collect the strings and let them dry

TOOLS
ethanol

Blender

Jars

Spray Bottle

Moulds

Syringe

Spatula

INGREDIENTS

PROCESS

(C6H8O6)n

alginate
H2O

water
C3H8O3

glycerine

CaCl2

calcium 
chloride

sunflo-
wer oil

RECIPE B [water x1]

RECIPE D [water x1]

RECIPE A [water x2]

RECIPE C [water x2]

RECIPE E [water x4]

RECIPE F [water x4]

FILM MOLD 1 [h 3mm] MOLD 2 [h 1cm]

difficult to 
spread
irregularities 
and holes
thin and fragile

air bubbles
high          
shrinkage

little               
deformation

little               
deformation

strong
right thickness 

too thin and 
fragile

difficult to 
spread
irregularities 
and holes

ok but too thin

too thin
irregular and 
fragile

too thick
only the       
surface shrinks

keeps 
the    shape 
with little                    
deformation

too thick
too much 
deformation

extreme        
deformation

too thick
too much 
deformation

thin
almost            
disappeared 
with shrinkage

irregularities 
and holes

high shrinkage 
(50%)
irregular 
thickness

high shrinkage 
(50%)
irregular 
thickness

RECIPE B [water x1]

RECIPE D [water x1]

RECIPE A [water x2]

RECIPE C [water x2]

RECIPE E [water x4]

RECIPE F [water x4]

FILM MOLD 1 [h 3mm] MOLD 2 [h 1cm]

difficult to 
spread
irregularities 
and holes
thin and fragile

air bubbles
high          
shrinkage

little               
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little               
deformation

strong
right thickness 

too thin and 
fragile

difficult to 
spread
irregularities 
and holes

ok but too thin

too thin
irregular and 
fragile

too thick
only the       
surface shrinks

keeps 
the    shape 
with little                    
deformation

too thick
too much 
deformation

extreme        
deformation

too thick
too much 
deformation

thin
almost            
disappeared 
with shrinkage

irregularities 
and holes

high shrinkage 
(50%)
irregular 
thickness

high shrinkage 
(50%)
irregular 
thickness



hair: keratin extraction
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5.2.3. Hair: keratin extraction

Keratin is a sulfur-rich insoluble filamentous protein belonging to the family of the Scleroproteins. It is the 
main constituent of our nails and hairs, as well as many protective parts of animal bodies such as the outer 
layer of skin, horns, claws, feathers and scales. It is indeed among the toughest biological materials, able to 
resist mechanical stress, and therefore used to increase the resistance of the most vulnerable parts of the body. 
Keratins can be classified as α-keratin, found in all vertebrates, and β-keratin, found in reptiles and 
birds. They have a filament-matrix structure and from the mechanical point of view behave as  bio-
polymers.

Liquid Keratin Solution:

• Dissolve sodium hydroxide in cold water

• Prepare a water bath at 50°C

• Add hair

• Stir and keep at constant temperature and agitation for 5h: hair will start 
breaking until it completely dissolv

• Filter with a strainer 

Keratin bio-flm and composites:

• Pour the keratin solution plus additives (glycerol and any other) in the pot 
and stir for a couple of minutes

• Pour in Petri dishes

• Desiccate in the oven at 60°C until dry 

TOOLS
stove

termometer

beaker

goggles

scale

gloves

pots

spoon

INGREDIENTS

PROCESS

H2O

water hair

NaOH
sodium 

hydroxide

For this experiment hair was collected 
from hair saloons. After the extraction, 
keratin was combined with glycerine 
and seaweed in different grains (from 
powder to larger pieces), in order to 
realise materials with variations in 
thickness, texture and translucency. 
The experiment was part of a colla-
boration with the multi-media artist 
Bela Rofe for her fabricademy project 
“Gaia”, investigating the interconnec-
tion between women and the sea, 
highlighting the delicate balance 
among living systems on Earth.

For this experiment hair was collected 
from hair saloons. After the extraction, 
keratin was combined with glycerine 
and seaweed in different grains (from 
powder to larger pieces), in order to 
realise materials with variations in 
thickness, texture and translucency. 
The experiment was part of a colla-
boration with the multi-media artist 
Bela Rofe for her fabricademy project 
“Gaia”, investigating the interconnec-
tion between women and the sea, 
highlighting the delicate balance 
among living systems on Earth.



crystals: alum
p. 148
evolving matter

5.2.4. Crystals: alum

Alum, or potassium alum, is a chemical compound made of potassium and aluminium, which crystallises 
in cubic structure. It has many applications from medicine and cosmetics, to dyeing, flame retardant etc.
Crystal formations is obtained through precipitation from a solution: the alum molecules join together 
forming a crystalline solid. If another material is hung in the solution the crystals will form around it, 
and it will act as a scaffold.

• Boil the water

• Add the alum and stir until the solution is saturated and it stops dissolving

• Filter the solution to remove any undissolved material

• Place the scaffold material suspended in the jar with the help of pencil, 
tape and twine 

• Pour the solution and wait for crystal formation without moving the jar

• Harvest the crystallised scaffold material and leave it dry

TOOLS
stove

tape

twine

coffee filter

sieve

scaffold material

pencil

jars

pot

spoon

INGREDIENTS

PROCESS

KAl(SO₄)₂·12H₂O
potassium alum

H2O

water



natural dyes: blueberry
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5.2.5. Natural dyes: blueberry

Anthocyanin are water-soluble natural pigments, which can turn in different colours depending on the 
pH level. Found in many foods (blueberry, raspberry, blackberry, red cabbage, black rice) and more in 
general in many flowers, fruits and plants, resulting in colouration through which attract pollinators or 
herbivore animals to aid seed spreading. They are also responsible for the red and purple colours of au-
tumn leaves. The anthocyanin can form salts both with acids and bases, and the same anthocyanin can 
so result in different colours in different plants, according to the acidity of the environment

Mechanical separation:

• Blend blueberries

• Filter with a strainer and coffee filters

• Divide the dye in three petri dishes: add baking soda to the first, add vine-
gar to the second one, and leave the third as it is

• Store in test tubes

Heat separation:

• Boil blueberries for about fifty minutes

• Filter with a strainer and coffee filters separating berries from boiling 
water

• Divide the dye in three petri dishes: add baking soda to the first, add vine-
gar to the second one, and leave the third as it is

• Store in test tubes

TOOLS
beaker

spoon

pot

coffee filters

sieve

blender

stove

pipettes

funnel 

test tubes

petri dishes

INGREDIENTS

PROCESS

blueberries
H2O

water
CH₃COOH

vinegar
NaHCO₃

vinegar

The dye was extracted from blue-
berries through heat and mechani-
cal separation. The dyes obtained  
were then reacted with acids and 
bases through which changing the 
pH and consequently the colour.
Fabric threads were then dipped 
into the dyes to get a colour palette, 
however the threads weren’t trea-
ted with the mordants required to 
retain the colour on the fabric, and 
therefore the threads’ colours ap-
pear much lighter and mild then 
the actual dye.

The dye was extracted from blue-
berries through heat and mechani-
cal separation. The dyes obtained  
were then reacted with acids and 
bases through which changing the 
pH and consequently the colour.
Fabric threads were then dipped 
into the dyes to get a colour palette, 
however the threads weren’t trea-
ted with the mordants required to 
retain the colour on the fabric, and 
therefore the threads’ colours ap-
pear much lighter and mild then 
the actual dye.



inks: charcoal
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5.2.6. Inks: charcoal

The first form of ink was realised grinding iron-rich rocks into pigment 40,000 years ago. Early humans 
indeed, used earth pigments such as ochre and chalk, or carbon black obtained from the burning of 
animal fats to paint on cave walls. Later, in 2500 B.C. ink was independently invented in China and Egypt 
and pigments started to be produced in large scale, new pigments were obtained from minerals and 
vegetable dyes vere discovered in Egypt.
With the Renaissance and the spread of interest in art, a huge number of new pigments were created 
from natural sources until, in 1704, the German colour maker Johann Jacob Diesbach created the Prus-
sian blue by accident in his laboratory, marking the birth of synthetic colours.
With the growing awareness of the ecological damages caused by synthetic dyes and pigments, today 
we are refocusing our attention to nature as a source for colours, which can provide us with both natural 
and biofabricated pigments. 

• Turn the charcoal into powder with mortar and pestle;

• Put the powder in a bowl, gradually add water and gum arabic alternating;

• Stir;

• Filter with coffee filters to remove solid parts;

• Pour in a glass container and shake.

TOOLS
MORTAR & PESTLE

FILTER

STRAIN

GLASS CONTAINERS

MEASURING CUPS

SPOON

BOWLS

INGREDIENTS

PROCESS

H2O

water
c

charcoal
C15H20NNaO4

gum arabic

Material Experiments
p. 159

Material Experiments
p. 159



FERMENTATION 
DESIGN WITH LIVING SYSTEMS



S.C.O.B.Y. = Symbiotic Culture Of Bacteria and Yeasts



SUGARS > YEASTS > ETHANOL > BACTERIA > ACETIC ACID + NANOCELLULOSE

S.C.O.B.Y. = Symbiotic Culture Of Bacteria and Yeasts



state of the art



Biocouture / Suzanne Lee



Riina Oun



Ponto Biodesign / Elena Amato



Emma Sicher



ScobyTec



Malai



MakeGrowLab



The Kombucha Paper



Kombutex / Studio Samira Boon



sensory exploration



fermentation - sensory exploration 
food = colour&smell







fermentation - sensory exploration 
texture: irregularity vs uniformity

blueberries turmericred wine



fermentation - sensory exploration 
texture: powdered pigments vs liquid dye

spirulina turmericcharcoal



Powdered Pigment Texture

Thin powders as spirulina or charcoal can be added 
to the culture medium.
While floating in the liquid because of their light 
weight, they get trapped by the nanofilaments rising 
to the surface and are then embedded on the cellulo-
se bottom surface creating random surface textures.
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processing



fermentation - processing 
wet > stratification 

p. 210
evolving matt er

When harvested, the wet material is like a spongy mat full of liquid 
culture. While drying it releases and let evaporate all the liquid in-
side, shrinking in thickness. During this process the nanocellulose 
filaments bind together creating a strong unique layer, sealing any 
cut or small hole in the meantime. This ability to “self-seal” and 
stick together can be used for stratification. In this way is possible 
first of all to gain a better control on the final material, having the 
possibility to adjust the thickness also after the growth overlapping 
thinner cellulose layers. Moreover, since the microbial cellulose is 
translucent, this technique can be used to control and modify the 
transparency of the material –the thicker it is, the duller and darker 
is its colour.

· wet > strati fi cati on

Sensory Scales

Thesis work by Maira Campanella, Laura 
Laricchiuta and Camilla Summa from 
Politecnico di Bari, in collaboration with 
Inmatex research lab.

First supervisor Prof.  Rossana Carullo, 
second supervisor Prof. Sabrina Lucibello, 
co-supervisors Giuseppe Modeo, Mariangela 
Stoppa and Lorena Trebbi.

The scales are both visual and tactile: different 
thickness entails different colour, transparency 
but also flexibility and resistance of the 
material. 

Opacity increases proportionally to the number 
of layers, and the same happes for colours 
which become more and more intense and 

saturated as the thickness increases.

2. Sensory Scale made alternating Paper and 
Microbial Cellulose
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fermentation - processing 
wet > texture and moulding 

Ɖ͘ Ϯϭϰ
evolving maƩer Fermentation: design with living systems

Ɖ͘ Ϯϭϱ

The final morphology of the material will be obtained after the 
drying phase, since it can be still shaped while wet. 
Placing it on an embossed surface while drying is possible to create 
folds, plisse, bumps, and even 3d shapes. Additionally, it is possible 
to imprint any texture on the material changing the flat surface used 
for the drying stage, since its surface texture will be transferred to 
the material surface. Extremely smooth plastics such as acrylic pa-
nels will result in a glossy finish, while rougher surfaces such as 
polypropylene, styrofoam or wood will result in a matte and more 
“natural” skin-like texture. 

· wet х texture and moulding
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fermentation - processing 
wet > composites

Ɖ͘ Ϯϭϲ
evolving maƩer Fermentation: design with living systems

Ɖ͘ Ϯϭϳ

Microbial cellulose can be also turned into a pulp and mixed to 
other materials to create bio-composites. Blending the nanocel-
lulose layer however, means to break down all the nano filaments 
into smaller parts as happens for paper recycling, resulting in a 
weaker material with a lower tensile strength.
The cellulose pulp can be used as a binder to make composites 
out of waste –  with tea leaves, coffee grounds, etc –, or as a basic 
component of the composite to which additives can impart new 
properties.

· wet х composites

3.

4. 5.

Ɖ͘ Ϯϭϴ
evolving maƩer Fermentation: design with living systems

Ɖ͘ Ϯϭϵ

coffee composites:
6-8. Production stages
9. Microbial cellulose and Coffee grounds composi-
tes: varying proportions, wet samples
10-11. Microbial cellulose and Coffee grounds 
composites: dry samples. Varying the proportion 
between the two components will determine ma-
terial samples wich go from completely opaque to 
translucent when illuminated

previous page:

3. Microbial nanocellulose composites: cardboard, 
charcoal, alginate
4. Microbial nanocellulose composites: tea waste
5. Microbial nanocellulose composites: charcoal, 
different grain size

10.

9. 11.

6. 7. 8.
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fermentation - processing 
dry > absorption



fermentation - processing 
dry > surface treatment



fermentation - processing 
dry > laser cut & engrave

Ɖ͘ ϮϮϰ
evolving maƩer Fermentation: design with living systems

Ɖ͘ ϮϮϱ

The material can be processed through laser cutting and engraving. 
Since it has a variable and not perfectly regular thickness, in order 
to get a better result each sheet of material needs to be tested indi-
vidually to establish the proper parameters on the machine. Other-
wise it can happen to punch the material layer in correspondence 
with the thinner spots while engraving.
The laser cutter can be used for different purposes besides cut-
ting out two-dimensional shapes out of the cellulose sheet, such as 
realising auxetic textures that can modify the material behaviour 
creating three-dimensional morphologies with a two-dimensional 
piece of material; engraving fold lines to facilitate the use of folding 
techniques such as Miura-Ori – technique invented by a Japanese 
astrophysicist consisting in the tessellation of a flat surface by pa-
rallelograms; or engraving text and symbols. 

· dry х laser cut & engrave
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The material samples selected can acquire different perceptual 
features although starting from the same “recipe”, depending on 
the drying phase which determines the surface finish, but also 
depending on external factors which can affect the fermentation 
process giving rise to a variety of textures. 
A material produced with blueberry dye at a specific concentra-
tion for instance, can range from glossy to matte and to smooth to 
rough. It will then have a different set of characteristics according 
to the different techniques and tools used in each step of the pro-
duction process. Just like on a craft product we can read the marks 
left from utensils, techniques and manipulation, in the same way 
on the biofabricated material we can read the marks left from the 
micro-artisans responsible for its production.
This material archive wasn’t born with the objective of classifying 
nor listing specific protocols, but is aimed at illustrating in its bre-
adth the spectrum of possibilities for microbial cellulose in terms of 
sensoriality, therefore contributing to define its identity – still a bit 
vague and blurry – through material experience and its stratifica-
tion over time. 

#F_01

SMELL

HEARING

TASTE

blueberry dye 40%
polypropylene drying / natural finish

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective

malleable

reflective

hard

matte

rough

glossy

smooth

#F_02
blueberry dye 20%

acrylic drying / tung oil finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective

malleable

reflective

hard

matte

rough

glossy

smooth

#F_03
blueberry dye 10%

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard



#F_04
red wine 

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_05
turmeric

 polypropylene drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_06
water

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_07
rice milk

acrylic drying / tung oil finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

fermentation - material archive

#F_04
red wine 

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_05
turmeric

 polypropylene drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard



#F_08
spirulina powder

natural drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_09
charcoal powder

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_06
water

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_07
rice milk

acrylic drying / tung oil finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_08
spirulina powder

natural drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#F_09
charcoal powder

acrylic drying / natural finish

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

fermentation - material archive



#C_01
charcoal 3% | fine-grained

wet scoby pulp

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#C_02
charcoal 7% | medium-grained

wet scoby pulp

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#C_03
coffee grounds 25%

wet scoby pulp

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#C_04
coffee grounds 35%

wet scoby pulp

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#C_01
charcoal 3% | fine-grained

wet scoby pulp

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

#C_02
charcoal 7% | medium-grained

wet scoby pulp

SMELL

HEARING

TASTE

sweet

silent

slight

acidic

noisy

intense

pleasant

velvety

sweet

unpleasant

crunchy

acidic

slight

dull

inedible

intense

bright

edible

SIGHT

TOUCH

opaque

warm

transparent

cold

non-reflective reflective

matte

rough

glossy

smooth

malleable hard

fermentation - material archive



application scenario



Ɖ͘ ϮϱϮ
evolving maƩer Fermentation: design with living systems

Ɖ͘ Ϯϱϯ

Starting from material’s features, analysed through tinkering 
and manipulation, as well as through stressing the material to 
investigate its potential and limitations, feasible application sce-
narios have been identified.
The scenarios have been chosen and developed based upon the 
ability to turn such features and peculiarities into the product 
added value. Microbial cellulose is an ephemeral material with 
a short or medium life-span, able to easily biodegrade returning 
nutrients to the environmental system. It is therefore pointless 
to try to force the material into durable applications in the at-
tempt to control and subdue it, going against its own character. 
Trying to engineer it to make it waterproof, or mixing it to other 
biopolymers in order to radically change its behaviour – thus 
using it as a mere filler –, is indeed a way to distort its identity 
and character. 
On the contrary, the approach followed within this research pla-
ces the material as the creative input of the project (Lucibello, 
2018), a basic element with well defined features which will gui-
de us within the design process. According to the features emer-
ging from the previous stages of material experimentation, three 
main macro-scenarios have been identified:
• augmented paper, since microbial cellulose has characteristics 

common to traditional paper (vegetable cellulose) plus extra 
features such as translucency and flexibility;

• sensory packaging with synesthetic features, self-adhesive and 
self-produced from organic waste;

• skincare, for its biocompatibility, absorption and wound-hea-
ling properties. 

All of the scenarios involve the implementation of the material 
into products that are relatively short-lived, ranging from single-
use disposable products to medium-term applications, in accor-
dance with the material durability. 
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• augmented paper, since microbial cellulose has 
characteristics common to traditional paper 
(vegetable cellulose) plus extra features such as 
translucency and flexibility;  

• sensory packaging with synesthetic features, self-
adhesive and self-produced from organic waste;  

• skincare, for its biocompatibility, absorption and 
wound-healing properties. 



application scenario > augmented paper

Ɖ͘ Ϯϱϴ
evolving maƩer Fermentation: design with living systems

Ɖ͘ Ϯϱϵ

parate it from lignin. As vegetable cellulose it can be printed, folded 
and stratified, moreover its translucency allows to obtain different 
effects and gradations of transparency-opacity. 
 
The author collaborated with Prof. R. Carullo from Polytechnic Uni-
versity of Bari and her students M. Campanella, L. Laricchiuta and C. 
Summa, in order to explore the augmented paper scenario. The thesis 
work investigated differences and similarities between vegetable and 
microbial cellulose, and how the two materials interact one another.
The aim was to understand how microbial cellulose behaves when in 
contact with vegetable cellulose, in terms of adhesion/detachment, 
stiffness/flexibility, opacity/transparency. As a result, because of 
the adhesive properties of microbial cellulose which emerged from 
the experimentation, several book binding techniques have been 
tested and implemented. All the binding systems experimented 
were developed around the combination between flexibility and 
self-adhesive properties of microbial cellulose and the stiffness of 
vegetable one. The bindings were realised using microbial cellulose 
as supporting structure for the booklets, and the stiffness/solidity 
ratio resulting from the combination of the two materials proved to 
be a structural element besides an aesthetic one.
The first tests were focused on existing binding techniques, and 
were useful to provide an understanding of the material properties 
and behaviour. Subsequently, innovative ways to combine the two 
materials were explored, which lead to the development of a system 
through which to join loose sheets and note papers with microbial 
cellulose stripes, which allows to add a sheet at any time just wet-
ting the stripe.  
 
In the course of the research, experiments and tests have been 
made using microbial cellulose sheets for letterpress printing. 
This part of the experimentation took place at Slab letterpress2 in 
Rome. The tests were made using the technique of movable type 
printing, with a printing press and lead types. Graphic elements 
were printed together with textual ones using an acrylic stereot-
ype made with rapid manufacturing technology at SAPeri&co’s fab 
lab, which was juxtaposed to the historical lead types.
The materials used were both untreated and coated with tung oil. 
The prints were successful in both cases except for the material 
samples where the tung oil coating was very thick preventing the 
ink absorption, in this case the ink took several weeks to dry com-
pletely. Particularly uneven sheets with a variable thickness will de-
termine a not-uniform imprint of the ink, as opposed to the more 

2. Slab Letterpress has been found 
in 2018 by Elettra Scotucci and 
Andrea Vendetti in Rome, IT, with 
the aim of saving, preserving 
and valorising the tangible and 
intangible heritage of typography 
and letterpress printing.  
Their activity, besides printing 
services and educational 
workshops, involves the recovery of 
printing machinery and historical 
typeface sets, which are restored 
and archived in order to preserve 
their historical memory and 
allow their use, experimenting 
the application of ancient 
typefaces for contemporary visual 
communication.

22-27. Printing tests @ Slab letter-
press, Rome

22.

24.

26.

23.

25.

27.
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Microbial cellulose shows some common features with vegetable cellu-
lose, as for instance the possibility to be printed just as traditional pa-
per. It has however also some distinctive features such as translucency, 
flexibility and multi-sensoriality which make it an augmented paper. 
Paper is part of our everyday life, a material with which we inte-
ract multiple times and in different ways throughout a regular day. 
It can indeed assume different characteristics according to diverse 
processing techniques, on the basis of which it is implemented in 
various applications. Some of them are more durable – books, certi-
ficates, photographs, love letters – but many of them are ephemeral 
or even single-use: tickets, receipts, labels, notes, flyers, leaflets, ad-
vertising posters, envelopes, paper bags and so on.
Paper is often regarded as an environmentally-friendly material, 
recyclable and able to disappear completely after a rainy day. Mo-
reover it embodies the idea of craft making, and for this reason is of-
ten used in place of plastic shopping bags for luxury or tailor-made 
clothing. Such image however is pretty far from reality, since paper 
is a “fully fledged industrial product” with a high environmental im-
pact (Miodownik, 2013). As mentioned in previous chapters indeed, 
paper recycling always requires a certain amount of virgin cellulose 
and is therefore a sub-cycling process which reduces the quality of 
the material produced over time. Furthermore, “the impact in terms 
of energy usage of a single-use paper bag has been found to be gre-
ater than that of a plastic bag” (Miodownik, 2013). 
For the spectrum of paper ephemeral applications microbial cellu-
lose represents a valuable circular alternative to vegetable cellulo-
se, whose distinguishing features – including the short durability 
– can confer added value to the products. Microbial cellulose can 
therefore be implemented as augmented paper: flexible, soft and 
translucent it can be crumpled as a fabric without losing its smo-
othness. Unlike traditional paper it doesn’t require powders, che-
mical bleaches and coatings (traditionally used for paper making in 
order to turn the brown raw material into a white smooth sheet), 
nor the delignification process used to extract it from wood and se-

17.

18.

17-18. Typologies of bookbinding 
techniques experimented by M. 
Campanella, L. Laricchiuta and C. 
Summa for their thesis work, super-
vised by Prof. R. Carullo from Bari 
Polytechnic University
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19.

19. Typologies of bookbinding techniques expe-
rimented by M. Campanella, L. Laricchiuta and C. 
Summa
20-21. Augmented paper scenario: sticky memo. 
Microbial cellulose sheets can be used as biodegra-
dable note paper, by getting the material wet and ex-
ploiting the resulting self-adhesiveness to stick it on 
various surfaces with no need of glue. Once removed 
the notes can be collected and bound together

20.

21.
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20-21. Augmented paper scenario: sticky memo. 
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20.

21.
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Packaging

Nanocellulose sheets can be folded to create bags, 
cases etc. If still wet the material will self-seal while 
drying. Otherwise the dry material can be sealed 
through heath or re-wetting and folding the parts to 
be connected.  

Labels

Self-adhesive properties of microbial cellulose ma-
kes it suitable for the realisation of adhesive labels. 
The material can be both printed or laser cutted, 
overlapping sheets of different colours to create a 
relief effect.
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soaked into it. Moreover it can be customised to perfectly cover any 
tattoo shape and size, it can be made more or less transparent in or-
der to show or hide the new tattoo, and it can be realised in skin sha-
des for a natural look or designed with vibrant colours and textures, 
through which turning such medical device into a fashion accessory. 
Besides wounds and burns treatment, microbial cellulose repre-
sents a precious material also for dermocosmetic applications. It 
can be used both in sheets or pulp and combined with curative sub-
stances through absorption or blending. According to the kind of 
additives and nutrients embedded it can be used for different skin 
areas and requirements, while its textile-like behaviour when dry 
opens up the possibility to produce solid cosmetics – face masks, 
scrub pads, acne treatments etc. – which won’t require waterproof 
plastic packagings, nor textile scaffolds (as for traditional face ma-
sks), and which can be just washed away and biodegrade after use. 

application scenario > healing second skin

Ɖ͘ ϮϳϮ
evolving maƩer Fermentation: design with living systems

Ɖ͘ Ϯϳϯ

soaked into it. Moreover it can be customised to perfectly cover any 
tattoo shape and size, it can be made more or less transparent in or-
der to show or hide the new tattoo, and it can be realised in skin sha-
des for a natural look or designed with vibrant colours and textures, 
through which turning such medical device into a fashion accessory. 
Besides wounds and burns treatment, microbial cellulose repre-
sents a precious material also for dermocosmetic applications. It 
can be used both in sheets or pulp and combined with curative sub-
stances through absorption or blending. According to the kind of 
additives and nutrients embedded it can be used for different skin 
areas and requirements, while its textile-like behaviour when dry 
opens up the possibility to produce solid cosmetics – face masks, 
scrub pads, acne treatments etc. – which won’t require waterproof 
plastic packagings, nor textile scaffolds (as for traditional face ma-
sks), and which can be just washed away and biodegrade after use. 



application scenario > healing second skin



application scenario > healing second skin



application scenario > healing second skin



diffuse micro-factory



step 1. operating model for a kombucha brewery



step 2. fermentation toolkit



step 3. horizontal scaling



CONCLUSIONS



“They are both needed to see things which can escape our view: ones because too big and 
complex, the others, on the contrary, because too small and specific”

microscope & macroscope

E. Manzini



biofabrication 
  technological revolution + cultural revolution

exploitation       collaboration>



"A Micro Odyssey” - Photographs by Marco Castelli



GROW-IT-YOURSELF
PART III



MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF

tools:

> container 

> lid or cloth 

> rubber bands, lace or tape 

> scale 

> pH-meter or pH-strips 

> spoon/fork/something to stir 

> weight



> growth medium 

> sugar 

> vinegar 

> scoby starter

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF

ingredients:



steps:

growth harvest drying > material

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > GROWTH > HEATING

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > GROWTH > AIR FLOW

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > HARVEST > WASHING

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > DRYING > BUMPS

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > DRYING > TEXTURE

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > DRYING > LAYERING

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TIPS > DRYING > SHAPING

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



TEA:

> 1 L WATER 

> 3 TEABAGS 

> 100 G SUGAR [10%] 

> VINEGAR q.s. (for pH adjustments) 

> SCOBY

recipes

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



> 500 ML BEER 

> 500 ML WATER 

> VINEGAR q.s. (for pH adjustments) 

> 100 G SUGAR [10%] 

> SCOBY

BEER:

recipes

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF



> 0,75 L RED WINE 

> 100 G SUGAR [10%] 

> VINEGAR q.s. (for pH 
adjustments) 

> SCOBY

> 0,75 L RED WINE 

> 0,75 L SCOBY 
STARTER 

> 150 G SUGAR [10%]

[A] [B]

recipes

MICROBIAL CELLULOSE 
> GROW-IT-YOURSELF

WINE:



thank you

lorena.trebbi@uniroma1.it 
@evolvingmatter
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