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Conversione microbica di glicerolo grezzo
In ingredienti per mangimi per pesci
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Lo scenario in cui operiamo: un pianeta in riserva

Teﬂ‘a in [isel'va Da ieri sono esaurite le risorse naturali prodotie dalla Terra per il 2013
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Disponibilita e consumo annuale di pescato

WORLD FISH UTILIZATION AND SUPPLY

Fish utilization Population (billions)

(million tonnes) and food supply (kg/capita)
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Disponibilita e consumo annuale di pescato:
Acquacoltura come soluzione?

GLOBAL SEAFOOD CONSUMPTION
NOW vs  FUTURE,

| WILD CAUGHT

Sources: FAQ FIPS (2014) // Fish to 2030 {2013) #Fish2030
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Acquacoltura e sostenibilita: il mangime

Fish Meal . N
Sustainability
| | | | | |
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Possiamo usare meglio i prodotti del Pianeta?
Sostenibilita e disponibilita

Prodotti e residui
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La logica del maiale:
everything but the Oink...

.

e BONES

sm“ B To refine cadaium,

¥ Inkjet paper has 3 layer of gelatin that

{ ; 6.6 pounds englacees uae bone glue 33.4 pounds provides the paper with the exact amount
* . o 1o help clccunl{m. L;d- of absorbency. &
Safety gloves are mium is largely used in ® Bone meal d fertil- S
, a: Z O el 1S used as motgnk or >
L }1\ > f /(’ oﬁcn. m::: fre ’rlu PIXa:l.lr: 9% batteries. fzer for planis \\\\x\‘ ll&gs
l seedfa cosmelic ::n %, :1:2 ;’:;‘&"lm ® Cellular concrete includes protein -~ & pou
since ms. bccausc of its similarily % cork is made from foum derived from b"'“‘_"‘ i \\\\‘ Beyond the obvious pork
to human collagen. %, bound by bone gelatin, : ® Match heads consist of duf- § tm‘.
# Energy bars use processed ply collagen B Gelatin from bones is used to ferent chemicals bound & M"“::‘n -,
because it's an inexpensive profein source help transport the propel- p # together by bone glue Pl
W Porcine gelatin is used in somo chew- lam like gunpowder, M Bone ash is used MM
Ing gum os well as lollipops and fnio ballets, X, in fine bone china the clotting of pig's b
other candy. - I UN&W P o
® Cheesccake ies | meat together. They use this to
gelatin in powder form ‘__ SCraps olbe-j. tuna
#5 @ binding and gelling - and into proper size
agent. steaks. The_ﬁe are called “portion
controlled” meat cuts.

# In low-fat butter and other low-fat

products, gelatin improves the texture o 3 W\ NS
and flavor. . 4

W Gelatin absocbs cloudy ele-

ments and is ased as a clarifys

ing agent in beer and wine, 12.1 pounds

B 'T'he casings for ¥ Hemoglobin from pig
capsule pills arc blood in used in some clga-
made of gelatin

rette filters 1o create an
*artificial Jung” to protect
the smoker.
’, W Blood is added to
some ham ss 2 color-

ing agent to enhance
onm | its appearance
31 pounds W Fish food nses

W Pork organs are used
In wel pet ‘:‘d

® Heparin s an
anticongulam to
stop blood dees;

) v u Biodiesel
it's made feom ; fuel can be made
y from pig fae
|

the mucus of )
Pig intestines. ! M Fat is sprayed on dry pet

blood meal and
pbin powder.

11.9 pounds

& 143 pounds %
¥ Surgeons ‘ & foods and dog treats to s3d an attrac- e %,
u“w / & tive scent. ® Recause of its consistens y. mz %
vnﬁgs § W After boiling pork bone fat at high hair is favored for paintbrus|

hx replace dame / /\

aped human g

heart valves ‘-/4{ i“§
¥ Tambourines

&
are often made with a pig @*&
Madder stretched over a » (

Trame &\@s
&

temperatures, it s\:std in soap as 3 bard-
Fatty acids also give sham-
punrm conditioners o “peark-like” look
0 Fatry acids are used in fabric softenors.
# Candles made [tom pork bone (a1 Last boager.

® Why do crayoms smell the way they do? Fauy
" acids from pig bone fat, which harden them
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... diventa bioraffineria

PETROCHEMISTRY TURNOVER:

THE BIOREFINERY CONCEPT Geo(bio)logical processes
t=106-10%y

IND BIOTECHNOLOGY TURNOVER:

Biorefinery
t=10°-10%y

-

Pigments, Vitamins,

Inhibitors,
Others

Antioxidants, Fibers,
H Toxins and others
Carbohydrates Bioalcohols, Sugars,

Polymers, Electricity

Biomass
transformation

Biodiesel, Cosmetics,

Lipids _ _ _
Dielectric fluids

Proteins II

Lignin

Feed and food, Polymers,
Pharmaceuticals

Feedstock Germicides,

Adhesives, Binders
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Possiamo usare meglio i prodotti del Pianeta?
Fermentazioni microbiche e bioprocessi

4 p a
1
—
L
OH
—
HO ° OH bt
I_— i OH
& | eole| |5
AN !
OH 1
—
B
—
\_ J \_/
Biomassa Substrato Bioprocesso Purificazione  Intermedi Prodotti

Adapted from: Sauer 2106 FEMS Microbiol Lett
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Fermentazioni microbiche e bioprocessi a
IndBioTech

e Recombinant Proteins (since 1990)

(Pentosans-Xylan) [ |

Lactic Acid and PLA (since 1996)

o
Sugars — . .
| (o] | & Ascorbic Acid (since 2002)
BIOMASS: Siucose =
MOLASSES < Glucosinolates (since 2007)
SUGAR BEET PULP :ll
CRUDE GLYCEROL L q .
Collulose O Butanol and Biodiesel (since 2008)
SPRUCE {Hexosans-Glucan) | -l
ARUNDO DONAX g
WHEY o | Il Generation Ethanol (since 2009)
RESIDUAL STARCH 5
S | Microbial oil (since 2016)
— Lignin
Substrate for enzymes (since 2014)

Adapted from: Villegas et al., BPE(LASEN)-ENAC-EPFL, 2008
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Acquacoltura: dai problemi alle soluzioni

Microalgae and Yeasts SUStainable fermentation
for HIgh quality fish feed formulation - MYSUSHI

http://www.mysushibiotech.com/it/
@@]Teih BICOCEA
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La produzione di biodiesel
The Biodiesel Cycle

© GreenerPro

BioDiesel

Glicerolo grezzo

\ﬁé\UAFAR‘M 15/2/ 2018

, Crude Vegetable Oil

Food
Glycerol Industry

Industry

Cosmetic

J

£
%]
=4
=

IV

:‘!:’ni
IndTech §ieoce

DEGLI STUDI
=}

z
:
A



La produzione di biodiesel
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Produzione mondiale di biodiesel (barre, divisa per continenti) e
glicerolo grezzo (linea, totale) tra il 2005 ed il 2010
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Microalgae and Yeasts SUStainable fermentation
for HIgh quallty fish feed formulation - MYSUSHI

Bio Diesel

oL
3 [UNIVERSIT,

Crude glycerol

Microrganismi
oleaginosi
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Lieviti oleaginosi e microalghe

GLICEROLO e
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Lieviti oleaginosi, microalghe e olio microbico
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Endoplasmid reticulum
and lipid bodies

4

- Isocitrate dehydrogenase
Triacylglycerol Py uvate <
Malonyl S-ACP 4=  Malonyl SCoA o
Acyl I
transferase
Diacylglycerol Metoacetyi S-ACP dmmm  Acetyl S-ACP mem -CoA
t Phosphatase 1 Citrate
Oxaloacetate lyase
Phosphatidic acid 1
Acyl 1 L-Malate Citrate st Oxaloacetate s L-Malate
transferase Fatty Acid
Synthase 1 ’ ‘
L"’°p';',‘gﬂ|ha‘id" Fumarate Citric Isocitrate
Acyl i Acid Cycle 1
transferase 1
Succinate 2-Oxoglutarate
Glycerol-3P i p—— Fatty acyl-COA \ ,
Succinyl-CoA 4= a-ketoglutarate

Armerta RE. et al (2013)

In condizioni di crescita sbilanciata i microrganismi
oleaginosi possono accumulare fino al 70% del loro peso
in forma di oli microbici

\‘K(—)\UAFABJM 15/2/ 2018 @@Te h ;I[:III:I:

DEGLI STUDI

g
b
&
A




Valorizzazione di glicerolo grezzo in
carotenoidi con lieviti oleaginosi

Riccardo Lorenzo Chiara
Posteri Signori Pesciaroli
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Olio microbico da glicerolo grezzo:
ottimizzazione del processo fermentativo

100

R. toruloides

Adsorbance (OD 660 nm)
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Signori et al MCF, 2016
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240

Figure

h curves (ODG660O nm) of R

toruloides (a), C. curvatus (b) and L. starkeyi (c) cells.
Five different mix of pure and crude glycerol were
evaluated:
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Olio microbico da glicerolo grezzo:
ottimizzazione del processo fermentativo

150 80
R. toruloides ~ Growth profiles (CDW; g L") and
60 glycerol consumption profiles (g L") of R
- _ toruloides (a), C. curvatus (b) and L. starkeyi (c)
% - 2 grown on pure (dashed line) and crude
g E (continuous line) glycerol.
o &
* g Pure glycerol ® Crude glycerol
0
250
Time (h)
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Olio microbico da glicerolo grezzo:
ottimizzazione del processo fermentativo

150 80
R. toruloides ~ Growth profiles (CDW; g L") and
60 glycerol consumption profiles (g L") of R
~ 10 _ toruloides (a), C. curvatus (b) and L. starkeyi (c)
% - 2 grown on pure (dashed line) and crude
g E (continuous line) glycerol.
° 50 @
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Olio microbico da glicerolo grezzo:
ottimizzazione del processo fermentativo

150 80
R. toruloides ~ Growth profiles (CDW; g L") and
60 glycerol consumption profiles (g L") of R
- _ toruloides (a), C. curvatus (b) and L. starkeyi (c)
% - 2 grown on pure (dashed line) and crude
g E (continuous line) glycerol.
© @
* g Pure glycerol ® Crude glycerol
0
250
Time (h)
b 150 80 C 150 80
C. curvatus L. starkeyi
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Carotenoidi microbici da glicerolo grezzo

R. toruloides and R. glutinis dopo fermentazione fed-batch

In valutazione:
composizione e quantita di carotenoidi, S
aminogramma !:3' N

IndTech ; %
\‘fQ\UAFAB,M 15/2/ 2018 neieCn gicocca

IV




Valorizzazione di glicerolo grezzo in
DHA con microalghe
(Schizochitrium limacinum)

Chiara Arianna
Pesciaroli Salvetti

'\'A/Q\UAFAB,M, 15/2/ 2018
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S. limacinum e produzione di DHA

Crescita e consumo di substrato

3 25
20

a. L

15 |

Il glicerolo grezzo sostiene la
crescita quanto la controparte
pura o il glucosio

r e v
0 | Ty ™\
0 24 48 72 96 120 144 168 192 0 24 418 72 96 120 144 168 192
Tempo (h) Tempo (h)
Substrato
Parametri Glucosio Glicerolo
DCW max (g/L) 6,6 + 0,492 5,8+0,78° 6,8 + 0,802
Biomass yield (g/g) 0,38+0,022 0,29 +0,04b 0,41 +0,02°

Differenze tra a e b sono significative (p < 0,050) RECREIY

W Id
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S. limacinum e produzione di DHA

Tolleranza al glicerolo grezzo

12 I
[
10 .
! =
= 8 ) —4—750 g/L E” =50 g/L
o0
s 6 : —B-75g/L 2 =75 g/L
@] I ]
8 4 | 100 g/L L 100 g/L
N N | (G)
5 é % ‘ =125 g/L =125 g/L
==ie=150 g/L : ==150 g/L
0 | ! 0 !
0 24 48 72 96 120 144 168 192 0 24 48 72 96 120 144 168 192
Tempo (h) Tempo (h)

Concentrazioni superiori a 75-80
g/L di glicerolo grezzo inibiscono
la crescita
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S. limacinum e produzione di DHA

Produzione in bioreattore

)]
w=]
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S. limacinum e produzione di DHA

Analisi quali-quantitative

2,5 12
10
2 /'
8 .
i v : g /\ I /
T 2 T 6
I3 3 / \ _—
o 1 /
= / \ /J 4
0 0
0 24 48 72 96 120 144 168 192 216 240 0 24 18 72 96 120 144 168 192 216 240
Tempo (h) Tempo (h)
DCW (g/L) Biomass yield (g/g) Lipid (g/L) Lipid on biomass (g/g) DHA (g/L) DHA on biomass (g/g)
G
C 8+1,09 0,11 +£0,09 4,8+0,51 0,604 1,08 £ 0,28 0,13+0,25
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S. limacinum e produzione di DHA

% DHA =22,5%
degli oli totali

DCW (g/L) Resa in biomassa (g/g) Lipidi (g/L) Frazione lipidica (g/g) DHA (g/L) Frazione DHA (g/9)
8+1,09 0,11 + 0,09 4,8+0,51 06+04 1,08 £ 0,28 0,13 +0,25
=, ULy ‘UDI
id ¢
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Microalgae and Yeasts SUStainable fermentation
for HIgh quality fish feed formulation - MYSUSHI
% &
INNovaTIVE BioTECH PROCESS SUSTAINABILITY

BioMASs WASTE

Crude glycerol can be used as substrate

Crude glycerol is a waste byproduct of biodiesel
for the biotransformation process.

synthesis, derived from renewable vegetal biomasses.

g

Crude glycerof

MICROORGANISMS

Oleaginous  yeasts and  heterotrophic
microalgae have the ability to utilize glycerol as
carbon source for the production of microbial

Microorganism as cell factories: their metabolism is

naturally able to convert renewable feedstocks into
Crude glycerol

L . ail (MO). bulk chemicals.
&
Hershal el NUTRACEUTICALS
- Production of the key lipid ingredients for the The microbial conversion of crude glycerol_ into value
r- innovative MO:n-3LongChainpoli-unsaturated added  compounds represents anenvironmental
ﬁg ° Fatty Acids (LCFAs) and carotenoids. friendly alternative strategy.
FisH FEep
o The Microbial Oil (MO)is expectedtoefficiently . L :
substitute Fish Oil (FO) in the novel fish feed, Thg environmental Sljlstalrlablllty of aquaculturg Y\nll
maintaining fish performances, health and be improved, preserving fish health and productivity
quality

MySushi, shares part of the aims with another project named “4F: Fine Feed For Fish” (founded by

AGER), especially concerning the definition of new feed formulations that are sustainable in terms of
water and environmental impact. An innovative approach based on smart analytical detection systems
is used to calculate a water quality index and the Water Footprint for the developed feeds.

DEGLI STUDI
THE PROJECT ALSO PRESENTS A REsponsiBLE ResearcH INNovaTION (RRI) Amv: =

TO TRANSFER THE KEY ENABLING TECHNOLOGIES TO AQUACULTURE BUSINESS AND TO SPREAD
SCIENTIFIC CONTENTS OF THE PROJECT TO THE PUBLIC AUDIENCE.

‘A/Q\UAFAB,M, 15/2/ 2018 g tleuce
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The IndBioTech Lab
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Lipidogramma S. limacinum

Acidi Grassi
Ac. Laurico (12:0)
Ac. Miristico (14:0)

Ac. Pentadecanoico
(15:0)

Ac. Palmitico (16:0)
Ac. Eptadecanoico
(17:0)

Ac. Eptadecenoico
(17:1)

Ac. Stearico (18:0)
Ac. Oleico (18:1-c, n-9)
Ac. Linoleico (18:2-c
n-6)

Ac. Arachico (20:0)
Ac.
Eicosapentaenoico
(20:5n-3)

Ac. Docosaesaenoico
(22:6 n-3)

Ac. Grassi
Monoinsaturi

Ac. Grassi Polinsaturi
Ac. Grassi Saturi

ﬁUAFAB,Ad 15/2/ 2018

Quantita (%)

3,33
6,78

4,3
56,35

1,11

0,13

1,24
2,54

0,59

0,13

0,38

22,82

2,67

23,8
73,2
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Lipidogramma lieviti oleaginosi

Fatty acids composition (%, wt/wt)

Strain Carbon source
C14:0 C16:0 Ci16:1 C18:0 Ci8:1 C18:2 Ci8:3 Others S M P
H
Pure Glycerol 1.5+0.1 27.91+0.1 21+0.1 12.3+0.1 35.2+0.1 17.4%0.2 2.8+0.1 0.7+0.1 42.4+0.2 37.3%0.1 20.21+0.2

R. toruloides
Crude Glycerol 1.5+0.1 27.5+0.1 2.0+0.3 12.5+0.2 37.8%+0.1 15.8+0.2 2.2+0.1 0.7+0.1 42.2+0.1 33.8+04 18.0+0.3

x 3 Pure Glycerol 1.6+0.3 29.6+0.1 3.710.3 18.6+0.1 27.6+0.2 149+0.1 1.9+0.2 2.2+0.6 51.9+0.1 31.3+0.1 16.8+0.2
. curvatus
Crude Glycerol 1.6+0.3 30.6+0.1 4.0+0.3 15.4+0.1 31.2+0.1 145+0.1 1.6+0.1 1.0+0.1 48.7+0.4 35.2104 16.1+0.1
" Pure Glycerol 3.1+0.3 31.0%£0.1 43101 12.9+0.1 39.4+0.3 7.6%0.1 0.5%£0.1 1.2+0.3 48.2+t0.4 43.8+0.3 8.1%+0.1
L. starkeyi

10.9+0.1 40.910.1 7.2+0.1

Crude Glycerol 3.0+0.2 32.2+0.1 4.2+0.1

0.6+0.1 1.0+0.2 47.1%£0.1 45.1+0.1 7.810.2

S, saturated; M, monounsaturated; P, polyunsaturated

=
o
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=
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c
=
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Glicolisi

Piruvato \

Azoto limitante
IMP + NH,*

AMP deamminasi
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Microalgae as cell factory for omega3 production
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