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N-3 PUFA ARE GOOD FOR YOU!
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N-3 PUFA ARE GOOD FOR YOU!

The Omega-3 Fatty Acid Family
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+ To counteract inflammation
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In particular those from fis
* DHA (docosahexaenoic acid)
* EPA (eicosapentaenoic acid)

RDA: 0.5 g/d

The issue: the sea is too small
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N-3 PUFA ARE GOOD FOR YOU!

RN TDONTLKE
THE GREEN ONE .-

The issue: the sea is too small
The solution: skip the fish and EAT ALGAE

N-3 PUFA ARE GOOD FOR YOU!

The objective of the SUSPUFA project, is

* to develop an innovative process for sustainable production of
high value n-3 long chain polyunsaturated fatty acids (n-3
LCPUFA)

* using agro food industry by-products through microalgae
cultivation

* to evaluate the produced n-3 LCPUFAs as fish oil replacement for
incorporation in food formulations

23/11/2019



wez)\

~
[Study and selection of food by-products and wastes (FBWs) as microalgae fertllizem
(T2.1-12.3)

7

¢

Part Il
|WP3|

fertilizers (T3.1-T3.5)

-

¢

Chemical characterization of algae oils and analysis of residual defatted biomass

[ Sustainable microalgae cultivation with high level of n-3 LCPUFA using FBWs as
[ (T4.1-14.3)

=

‘ Part 1ll

[ Product design (17.1)

Evaluation of bio-availability of n-3
LCPUFAs from different sources of oil:
microalgae vs. fish oil (T5.1-T5.3)

evaluation (78.1-18.4)

*
[Furmulatlon and processing ]

Part IV

Effects of n-3 LC-PUFA on the allergic
reactions (T76.1-T6.6)

4
n-3 LCPUFA stability in [
formulated food (79.1-T9.2)

@ml (wes) [WI}]‘ mm}

—[ WP1. Coordination and Management (Part 1)

WP10. Dissemination & Communication (Part V)

P1

P2

P3

P4

Partnership

Prof Harry Wichers

Wageningen University and Research PS5
Food Chemistry, Nutrition & Pharmacology,

Food Quality & Design

Dr Silvia Buono

Universita degli Studi di Napoli "Federico II" P6
CAISIAL - Centro di Ateneo per I'lnnovazione e

lo Sviluppo dell'Industria Alimentare

Dr Thierry Blasco p7
University Pierre et Marie Curie - Paris 6
LOV - UMR 7093 CNRS-UPMC

Dr Vito Verardo
University of Granada
Nutrition and Food Science

Prof Johan Garssen
Nutricia Research B.V.
Director Platform Immunology

Dr Hubert Bonnefond
inalve SAS

Prof Jelena Helene Cvejic Hogervorst
University Novi Sad
Faculty of Medecine, Faculty of Science

23/11/2019



pP2- Research activity

WP2 - Agro food by-products and wastes (FBWs)

SUSPUFA

A selection of food industry by-ﬁroducts and wastes has been done on the basis of their
key nutrients: organic carbon, N and P.

The following food industries and their related FWB were studied by P2:
Dairy
Sugar cane and beetroot processing
Corn processing

Media formulation
(Replacement of standard

Olive mill processing it e
with low cost biomasses)
Brewery
Confectionary pr o
product
Results:

The most suitable FBWs in terms of nutrient contents and low cost processing were: corn
steep liquor, sugar molasses, spent brewer\gyeast. Dairy and olive oil processing FBWs_
resulted as the most energy demanding to be transformed in suitable media. Ahaerobic
digestion of most of food waste is a very cheap treatment to achieve a good fertilizer
media for autotrophic algae cultivation. Brewery industry is a model to Start a microalgae-
based biorefinery recovering all the FBWs.

>

pP2- WP3 Cultivation of microalgae
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Screening of microalgae species

P2 made a preliminary screening of LC-PUFA rich microalgae strains able to grow on
treated and untreated food by-products and wastes. Productivity and LC-PUFA content
were assessed on the following strains:

From ACUF collection:

Isochrysis galbana Parke 600, Pavlova lutheri 601, Porphyridium purpureum 636,
607, 583 , Skeletonema marinoi 595, Tetraselmis chuii 593, Thalassiosira weissflogii
(Grunow) 597, Tetraselmis suecica 1012

From CAISIAL collection:

Phaedactylum tricornutum (PT1012 and 1010), Nannochloropsis oculata,
Nannochloropsis salina, Dunaliella tertiolecta.

Results

All the strains tested showed relatively high productivity in phototrophic

conditions, but only few strains (N. oculata, N. salina and P. purpureum 583)

resulted in higher productivities in mixotrophic then in phototrophic conditions.

Induction of a full hetorotrophic growth in the dark using glucose was achieved
) efficiently only in T.suecica 1012 without loss in EPA content into the biomass.
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Ofther activities performed

WP3. T3.2 Production of food grade microalgae

Two EPA rich microalgae produced at pilot scale using standard methods using
photobioreactor and raceways.

N. oculata

P. tricornutum

WP4 Task 4.1 Jul 2019 — More then 15 microalgae dried samples shipped to P3 LOV for chemical analysis and
isotopic carbon ratio experiment tuning

WP3 Dec 2018 — Live cultures of algae shipped to INALVE partner to be tested in biofilm system.

WP10 Apr 2018 — SUSPUFA website and social media related accounts, still managed by UNINA with the
collaboration of some partner. Sep 2019 — Book chapter on microalgae food oils published in collaboration with
P4, P6, P7. Sep. 2019 — Participation in “Researcher Night” at Dep. Of Agriculture

Others. From May 2019 to date - Collaboration with P1 WUR in finding form the global market the microalgae
commercial oils.

WP3 : biofilm cultivation and omega 3
production (inalve Pé)

e.g. Inalve Technologies (Patent US20160152933A1)
i.e. rotating algal biofilm (RAB) systems

Indoor cultivation Outdoor cultivation

UP-SCALING PHASE
during the project © e 2020 (in progress

Selection of proper microalgal
strains for omega 3 production

? inalve

23/11/2019



23/11/2019

WP3 : optimisation of the biofilm
omega 3dpp>roducﬂon (inalve Pé)

timisation of culture conditions
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SUSPUFA- P3 - FRANCE

SUSPUFA
=

WP. 4 Chemical Analysis
Task 4.1 Chemical characterization of microalgae : in process
Task 4.2 Phospholipids and triglycerides analysis : in process
Task 4.3 Carbon uptake in n-3 LCPUFA : first results

WP 5. Bio-availability of n-3 LCPUFA
Evaluation of bio-availability including different sources of oil and
n-3 LCPUFA (microalgae-versus fish- and commercial microalgae oil)
Task 5.3. Origin and sources of PUFAs : first results

WP 10. Dissemination and Communication
Outreach : Citizens information "fete de la Science”, October 2019
Project Presentation to M. Dombreval, Member of French
Parliament, Deputy for the Alpes Maritimes, September 2019

D P3-LOV-FRANCE. SUSPUFA O
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Bulk isotopic ratio : EA-IRMS of
algae samples from P2.
- homogeneous results on
duplicate cultures
R et b o ' - Nutriments with similar isotopic
Sl ‘ ratios induce different isotopic
signatures for algae cultures

Compound-Specific Isotope
Analysis of commercially avalaible
nutritionnal complements.

d13Chulk

G13COHA (%s)

Plants, algae (+ Schizochytrium)
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" Nutriments

- We have a tool able to discriminate .
oh the source ; :

- commercial pills without fish oil have D)

obviously been enriched in EPA/DHA
by adding Schizochytrium.

P3—LOV - FRANCE.

In vitro DC ‘allergy’ model

- DC2 Th2
- ®
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In vivo allergy model

Dietary intervention —_l

IL { i | | 1]
-14 0 7 14 21 28 3334 days
t t t t t
Oral sensiti;ation with cholera toxin or - Acute allergic skin response
cholera toxin plus 20 mg whey (ear swelling 1h upon intradermal
challenge with 10 ug whey)
- Oral challenge with 50 mg whey
4

@) WP7: To produce the most suitable type of cheese
analogue to be fortified with n-3 LCPUFAs

SUSPUFA
—

Several vegan cheese formulations were

developed with:

+ different in proteins, i.e. soy, lupin and gluten-

+ different in fat moiety, i.e coconut oil,
flaxseed oil and microalgae oil-)

+ a hard texture to be fortified with n-3

oil LCPUFA. Experimental condition:

- I ; ¥ Heating temperature 40°C
Dry ingredients et Stir g g P .
Water gl continuously Storage temperature4°C

¥ Storage time 14 days
“+— Acidulant

P Molten Tass .
B ouking > The best formulation

contained lupin protein,

- coconut oil and 1% DHA
Storage B Analysis . I
oil.

*Life'sDHA® from DSM (Heerlen, Netherlands) was the source for the algae DHA oil and composed of at
least 40% DHA with high oleic sunflower oil, rosemary extract, tocopherols and ascorbyl palmitate.

>
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O WP8: To design a new product enriched of n-3 LCPUFAs witha © K

long shelf life and LCPUFAs ({‘y[)

SUSFOOD2

* Next steps: to measure the bioaccessibility of
DHA in cheese model formulations produced at
two temperatures (40 and 80 °C).

CSLM images of lupin protein on day 1
(left) and 14 at 0.88 ym x 0.88 ym
(right)

WP9 activities

Linarty Linarty: Lipid oxidation in a PUFA-rich vegan cheese model with different
degrees of fatty acids saturation. Master thesis, Wageningen University and Research,
05.04.2019.

Ghina Kotob: Influence of plant- based proteins on the lipid oxidation profile of N-3
LCPUFA vegan cheese. Master thesis, Wageningen University and Research, 30.04.2019.
Madelon Sol: Effect of thermal treatment and starch gelatinization on the structure
stability of a formulated vegan cheese analogue. Bachelor thesis, Wageningen University
and Research, 01.08.2019.
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WP9: Lipid oxidation of LCPUFAs in the .

. o . o \“,’}
= L= formulated food during its shelf life and its
= accelerated storage.

o
=)
=1

* All the developed vegan cheese
models proved to be physically
stable by showed no leaked fat
until 14 days of storage at 4 °C.
There was no significance lipid
oxidation from initial storage D1
(control) until last day of storage
(D14) at 4 °C at primary oxidation
products for almost all the

T

o
=
=

L
T B

.
=
2
|
By
¥

ab
| a N =8=T1 (coconut)
T2 (flaxseed)
—+=T3 (coconut DHA)

g

=

=3
a

—1

==p=T4 (flaxseed DHA)
—a -
bl

5
E
=
=

Peroxide value (meq Oz /kg oil)
g o
2

b4
=
=

Storage time (days)

formulations also due to the high
content of antioxidants in DHA oil.
Lupin system with coconut oil
was the strongest in terms of
stability and strength over the 14
days.
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Conclusions

* Work in France and Netherlands well
on its way

« Work in Spain and Italy seriously
delayed because no funding has
been provided

* Hampers entire project progress
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