SEA[gelel»
plus

Separation techniques for functional
and bioactive components from
fish protein hydrolysates

E_ Patrick Bourseau,
US> | Université de Bretagne Sud - FRANCE

Univer sit é de Bretagne Sud

Pascal Jaouen ,
UNIVERSITE DE NANTES
Université de Nantes - FRANCE

RTD 4. Seafood from source to consumer product
Project PROPEPHEALTH

2nrd SEAFOODplus Conference 5 October 2005



SEA[geJel»,

plus

————
—— an

Summary
» Part |I: PROPEPHEALTH objectives

— Role of membrane separation
« Part ll: Experimental work

« Part lll: Conclusion and perspectives

2nrd SEAFOODplus Conference 5 October 2005



=» Consumers

¢————————Traceability

2nrd SEAFOODplus Conference 5 October 2005



The PROPEPHEALTH project SEA

* High-added value functional seafood products for
human health from seafood by- products by
innovative mild processing

PROPEPHEALTH objectives:

— To screen, map and recover ‘new’ (health) beneficial compounds
from seafood by-products by advanced mild refining processes.

— To develop ‘new’ bioactive (functional) seafood ingredients

— To use these novel ingredients for the development of new
functional seafood products,

 either directly by the food industry or in project 4.4
(CONSUMERPRODUCTYS)
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The PROPEPHEALTH workpackages

Block 1
Native proteins
Ragnar Johannsson
IFL, Iceland

WP 3
Extraction & recovery
of native proteins
Ragnar Johannsson
IFL, Iceland

WP 6
Quantification of
peptides contents
Fabienne Guérard
UWB, France

Block 2
Fish protein
hydrolysates
Yves Le Gal
MNHN, France

WP 5
Separation
techniques

Patrick Bourseau
UBS, France

WP 4
Production of fish
protein hydrolysates
Jean-Pascal Bergé
IFREMER, France

WP 7
Testing native proteins
in commodity and ready
products
Irineu Batista
IPIMAR, Portugal

WP 8
Composition, physical

and sensory properties

Carla Pires
IPIMAR, Portugal

WP 9
Analysis of bioactive
properties
Laurent Picot,
ULR, France
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UBS, Lorient, & Vannes ' Univ. Nantes &
L Ifremer Nantes

UWB, Quimper

Univ. La Rochelle
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Separation techniques for bioprocesses SEA

of insoluble . Filtration
proaucts _ _
< < Centrifugation
e Coagulation & flocculation

-

( e Liquid-liquid extraction
Separation e Agueous 2-phases extraction
e Precipitation
e Crystallisation

- Adsorption, distillation - RO, NF, UF, MF
> < - Membrane filtration ——=> < - electrodialysis
e lon exchange . dialysis

of soluble
proaucts

e Chromatography

e Electrophoresis

.- ..
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Advantages of membrane separation techniques SEA
plus

clean technology
— no organic solvent required
— wastewaters discharge minimized

low energy consumption
— water elimination without phase change

low temperature treatment
— T-sensitive products
Easy-to-use

— automation, modular
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= Membrane processes solution ® PS ® . cntate
——

separate substances
according to various w% s S membrane
: @ S =
mechanisms: ) : 3y ¥
_ ] permate
their molecular weight, Solvent & transmitted solutes '

but also their charge and their hydrophobicity

> Driving force = Membrane performance

Pressure Capacity
Reverse omosis Permeation flux (L/h/m2)
Nanofiltration increasing
Ultrafiltration MWCO Selectivity
Microfiltration v

Rentation rates (RR)
Electric Field

Electrodialysis Cleanability
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Constant volume

Decreasing volume 1

PERMEATE

¥

Concentration mode Diafiltration mode
 concentrate or fractionate peptides » « washing » peptides
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Part ll: Experimental work in
Lorient and Saint-Nazaire

Working days at Saint-Nazaire,
26 June - 01 July 2004, ...
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Membrane screening SEA[ZeJo]

plus
Experimental peptid b Concertrat
Xperimental peptides | ~ Concentration
P p. P 90 | Purification Fractionation
retention rate | - 4
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* Blue Whiting hydrolysate, Primex ® 90 enzymes and non-
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o
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10 1 UF
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Membrane Cut-off (Da)

= According to their RETENTION RATE (RR), nanofiltration (NF)
or ultrafiltration (UF) membranes can be used to:

- Concentrate or pre-purify peptides solutions for high RR (90-100%)
- Separate peptides from enzymes or non-hydrolysed proteins for low RR (< 30 %)

- Fractionate peptides for Intermediate RR
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= Peptidic profiles of an hydrolysate fractionated by a 4000 Da UF
membrane

e S e+ Organic membrane (PES, PCI MT04)
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= UF 4000 Da vs UF 8000 Da

Hydrolysate

Permeate 8 kDa

Retention rate | “%éoo 4000
(on the basis of Surface Area Ratio) E—

g

2960
16 267
165190

85
ThBG
24043

Liz]
r.eaz
25543

8 kDa: RR =68 %
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 Performances
« UF 8000 Da (10 bar, 15 °C)
— J =46 L/h/m?
— RRcogp =60 %
o RRNitrogen ~ 83 %

- Permeation flux and RR are satisfactory

Both these membranes are well-suited
for peptides fractionation
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Fractionation with a UF-NF sequence SEA[Zee]»!
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Hydrolysate (5 L)
|

|UF 4 kDa (VRF =5)]

PN

UF permeate (4 L) UF concentrate | (1 L)
| (> 4,000 Da)
|NF 300 Da (VRF = 4) |

/ N\

(4 L) INF permeate NF concentrate (1L)
(< 300 Da) (300 Da to 4,000 Da)
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» Experimental procedure

 Hydrolysates provided by industrial partners
« CTPP, Marinova, Primex

* All the experiments carried out under the same
operating conditions

« Activities of collected fractions tested:
— calciotropic and gastrointestinal (MNHN)
— antioxidative (UWB)
— anti-cancer and ACE- inhibiting (ULR)
— antiviral (UBS)
— antibacterial (UBW-ENVN)
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Development of the experimental
procedure

Collagen HM (CTPP, France) at 50 g/L
UF:P=25bar, T=40°C,V=2.5m/s
NF:P=35bar, T=40°C,V=25m/s

Determinations:

 Membrane performances: permeation fluxes (J) and organic
matter retention (RR.qp)

» Molecular weight profiles

o o UWB, Quimper, France (Fabienne Guérard)
« Antioxidant activity level
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= UF 4 kDa fractionation

« J=120 - 40 L/h/m?

Molecular weight profil

and

RR =62 %

Antioxidant activity
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= NF 300 Da fractionation

« J =200 L/h/m?

and

RR =92 %

Molecular weight profil
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Part lll :Conclusion and perspectives

 Tools and methodology based on UF-NF sequences
are operational

« Raw materials are well-identified

Saithe Blue Whiting
Cod Plaice
Shark Sardine

* Protocols for enzymatic hydrolysis and activities
determination are ready-to-use

* New and exciting use of peptides from by-products and under-utilised resources
F Guerard (UWL), 1st SEAFOODplus Conference, 04-06/10/04

Bioactivity of proteins isolated from seafood by-products
R. Ravallec (U. Lille), Y. Legal and M. Fouchereau-Peron (MNHN) — today

* Functional properties of native proteins from seafood by-products,
M Geirsdottir, G. Thorkelsson and R. Johansson (IFL) — today
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* Challenges:

* Fractionation by membrane processes is a comple-
mentary control tool besides the hydrolysis degree to
enhance the Food Protein Hydrolysates activity

« Scale-up (from lab. to industrial scale)
— Optimize the cleanability

» minimize cleaning reagents consumption and effluents
waste

— Minimize energy consumption
— Integrate enzymatic hydrolysis and membrane separations

* Perspectives:

« Membrane processes can be used to separate various
marine substances:

— peptides, by ultrafiltration & nanofiltration,
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but also proteins, by ultrafiltration & nanofiltration,

Recovery of sarcoplasmic proteins from washing
waters of the surimi process (collaboration UN-
IFREMER)

Skins
Conjonctive
tissues

SKins
Conjonctive
tissues

Cryoprotectors
« fe—
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polysaccharides,

ACIDE URONIQUE

(acide D-
glucuronique)
o
COOH 0 HT ~
C=0
OH © |
CH,

N-ACETYLHEXOSAMINE
(N-acétylgalactosamine
sulfatée en C4)

Extraction, concentration & purification of chondroitine
sulphate from skate cartilage by enzymatic hydrolysis ==

and ultrafiltration
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— COD: 820 gL
mg] OM: 18 gl
juice SM: 4 glL
Salts: #20 ¢/L

or aromas, by
electrodialysis
& reverse osmosis

Acguired on Od-Jan-1980 #t 16:34.53

Sample 1D alcanes sur sbabilwax
MACLALES
T 27 88 T

£

S. Cros, PhD thesis, Univ. de Bretagne Sud & Univ. de Nantes, sept 2004

Cros, Lignot, Bourseau, Razafintsalam, Jaouen, J. of Food Science, 69 (2004)

Cros, Lignot, Bourseau, Jaouen, Prost, J. of Food Engineering, 69 (2005) 425-436
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