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What are the key food security

considerations and risks associated
with these products?
/E\ IPMA

Claudia Afonso Fortugusselnstifut for Sea

Atmosphere
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ctaqua /A PMA

CENTRO TECNOLOGICO Portuguese Institute for Sea and
DE LA ACUICULTURA Atmosphere

Objectives

This activity aims to carry out a food safety and risk assessment
associated with the consumption of new products developed in WP1

Activity 2.2
Food security and risk
assessment
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Seafood: Benefits&Hazardous/Risks a |PMA

Portuguese Institute for Sea and
Atmosphere

Seafood is recommended in a balanced

diet not only for the diversity of species,

but also for the important health benefits
to consumers

Seafood can also accumulate

- Dioxins, Lead (Pb),
Arsenic (AsT, iAs), Cadmium (Cd),
Mercury (HgT, MeHg), etc

/™A . I™NIITA A M™HIFEA

sEssential elements (Se, |, etc)
=\/itamins (B1, B12, D, E, etc)
=Carbohydrates

=Biological activities,

=Efc.

Beneficial effects on cognitive and visual development;

Lowering the risk of coronary heart disease and stroke;

Prevention/reduction of multiple other adverse health
outcomes

Mutagenicity, Carcinogenicity,
Genotoxicity, etc

1

Adverse effects upon
human health
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How to assess the risks and benefits arising from the Seafood consumption? N lPMA
Portuguese Institute for Sea and
Atmosphere
= |dentify main hazards and benefits worthy of study T —— s
Collect nutritional, toxicological & medical data \dentification of Identification of
adverse effect(s) beneficial effect(s)
= Apply a probabilistic approach to quantify probability of v N
exceeding thresholds el |\ i e e
Combine contents with consumption data, consumption frequency, N v ™~ | 4
Scenarios or SurveyS) chara:'esrl:zation char::t::lfltaﬂon
=Compare and balance probabilities of exposure to hazards —
. . Risk and benefit
and attainment of benefits comparison /
integration
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Seafood functional products are developed having

the future of human food in mind

Seafood
potential
applications

QUALITY and SAFETY

Instituto Portugués.
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Consumer

Well-

|
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being
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> IPMA

Portuguese Institute for Sea and
Atmosphere

Compounds

lipids, polyphenols,
essential elements,
contaminants, etc.

Biological Activities

Anti-inflammatory,
antioxidant, cytotoxicity,
anti-
hypercholesterolemic
potential, etc.

Bioaccessibility and
bioavailability studies




Journées profgssi nnelles de Rennes — Pdle halieutique

onciusao

Case-studies of seaweed-based functional foods ﬁ\ |PMA

Portuguese Institute for Sea and
Atmosphere

Undervalued and nutritious

g Product rich in neuroprotective nutrients with the potential
species

to prevent and/or delay cognitive decline associated with
aging, such as Alzheimer's disease.

Food ingestion

Chub mackere

(Scomber colis) Saccorhiza polyschides

U Y, Bioaccessibility of a

compound is the amount
available for intestinal

Culinary treatment

- Steamed (B > absorption
- Roasted ‘ st — g |
3+ Chyme fully dlgestecl

- Gn”ed Bioaccessible U Afonso et al., 2015
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onciusao

Case-studies of seaweed-based functional foods /f‘\\ ‘PMA

Portuguese Institute for Sea and
Atmosphere

Table 3
Elemental composition (in mg/kg dw) of the harvested in the wild, land-based Aquaulture 566 (2028) 739217
cultivated, and open sea cultivated Saccorhiza polyschides biomass before and
after digestion.

Contents lists available at ScienceDirect

Element  Initial vs wild Cultivated Saccorhiza polyschides Aquaculture
Bionaccessible Saccorhiza = s
paiyschidas Land-Based Open Sea ELSEVIER journal homepage: www.elsevier.com/locate/aquaculture
October February March July
As(mg/  Initial 17.5+0.3* 155+ 14.3 + 15.8 &+ Farming a wild seaweed and changes to its composition, bioactivity, and
ba ba 3 3. eun 5 5
kg dw) 0.6 0.2 0.1 bioaccessibility: The Saccorhiza polyschides case study
Bioaccessible  10.4+ 0.2°® 107 + 9.5+ 9.4 +
0.4°8 0.1"® 0.1°® C. Cardoso ™", J. Almeida™, I Coelho, 1. Delgado ¢, R. Gomes?, R. Quinta °,
Se(mg/  Initial 107 +0.05° 165+ 179+ 116+ N.M. Bandarra™7, C. Afonso™
kg dw) 0.14° 0.10" 0.00"
Bioaccessible <LOQ <L0DQ <LDQ <L0Q m R R
Cd (mg/  Inital 0.60 + 0.07 + 0.26 + 111+ S p ly hld | g d r f I
kg dw) 0.01% 0.00%* 0.00%* 0.01°4 ) O SC eS S a OO SOU Ce O
Bioaccessible 0.16 + 0.01 £ 0.04 + 0.29 +
0.00"® 0.00® 0.00® 0.00"® . TR . . 0
toghg w2 wis as e " Bioaccessibility of lodine is 30 - 50 %
dw) i 24% 6
Bioaccessible 260 + 3% 159 £5% 145+ 183 +
7 g
Hg (mg/  Initial 0.008 + 0.010 + 0.012+  <LOQ®
kg dw) 0.003" 0.000° 0.000"
Bioaccessible <L0Q <L0Q <L0Q <LOQ
Pb (mg/ Initial 0.58 + 1.00 + 0.92 + 0.13 +
kg dw) 0.01°* 0.014* 0.06%* 0.00°"
Bioacressible  0.017 + 0.013 + 0.007 +  0.001 +
0.000°® 0.000"® 0.000%  0.001%®
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Table 7 - Risk-benefit assessment through quantification of threshold-exceeding probability (%) for seaweed consumption based on scenarios and taking into account the /ﬂ\ I P M A
iodine content.

lodine

Seaweed 1 meal/year 1 meal/month 1 meal/week 2 meals/week 3 meals/week Portuguese Institute for Sea and

Species uL uL Al uL uL Al uL uL Al uL uL Al uL uL Al Sample Atmosphere

(1100 (600 (150 (1100 (600 (150 (1100 (600 (150 (1100 (600 (150 (1100 (600 (150  Dimension
pg/day) pg/day) pg/day) | pe/day) pe/day) pg/day) | pg/day) pg/day) pg/day) | pg/day) pg/day) pg/day) | pg/day) pe/day) pg/day)

g:::;e d <1010%  <1010®  <10x10® | <1010® 108107 291a0% | 78240°  14240° 1.09 27910% 247102 9.58 230102 0.28 19.11 50

Ulvasp.  <10d0°  <10a0°  <10:0% | <10a0®  <10a0®  <1040® | <10a0®  <1010° 800107 | 400a0°  1190° 264 127407  16940° 1215 36
Rid 25040° 670407 634107 | <1.0x10® 036 317 155 3.62 18.34 496 9.27 31.64 7.84 14.79 41.43 87
Seaweed
Brown

0.09 0.24 241 8.44 8.76 30.38 19.8 3112 63.68 33.77 47.43 77.92 4262 56.94 84.21 315

Seaweed
ﬁ%ﬁﬁnm <10x10®  <10a0®  <10a0® | <Aa0®  <10d0®  <10a0® | <10d0®  <10d0® 5939 | <pac® 1867 85.72 59.97 83.8 39.75 30
Fucus sp. <10d0®  A0d0®  <10d0® | 16240%  13240° 309407 | 500d0% 45607  37.92 633107 9.99 77.25 1.55 19.80 88.33 38
Laminaria 7 By
i <10<10® 103407 3400 8.34 23.82 83.68 68.47 85.34 97.59 86.8 94.1 99.00 92.20 96.27 99.25 69
f:m'a”"a <00®  <10a0%  62340% | 6210° 3.36 81.13 57.58 83.54 97.57 85.56 94.05 98.84 92.12 96.2 99.09 62
mbfgma"‘ <1.0x10% <1.(]x10" &65><:|J;'|4 637)(10’2 4.62 83.76 59.25 85.26 97.62 87.64 94.62 99.05 93.20 96.86 99.11 51
latissima
Undariasp.  676x107  360x10° 165x10% | 167x10%  115<10° 936x107 | 168x10? 0.12 9.89 0.18 1.14 52.76 0.59 3.69 76.14 38
y@m <10x10%  <10x10®  <10x10% | <1.010®  457a07  23240° | 449x10°  7.69x10% 8.63 1.75¢10° 023 41.27 0.06 433 62.33 36
pinnatifida

Calculated probability of exceeding the lodine UL [P(Xi>Al or UL), %]. Considering for lodine the UL of 1100 pg/day (NRC, 2000), 600 ug/day (EFSA, 2006) and the Al of 150 pg/day (EFSA, 2014).
Values in bold correspond to probabilities calculated through the ‘plug-in’ (P1) estimator.

It is important to know & quantify the risk-benefit balance

Issuance of Dietary Recommendations
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Healthy recipes based on sustainable, safe, tasty /f‘\\ |PMA
and nutritious seafood Portuguese Institute for Sea and

Atmosphere

Table 6 - Selenium and iodine content (expressed in ug/100 g ww or, in the case of seaweed, ug/100g dw) in the initial and bioaccessible Nutritional information

samples of the ingredients (chub mackerel, boiled quinoa, and the seaweed Saccorhiza polyschides) and hamburgers (raw and cooked) and
Steamed Hamburger

respective elemental bioaccessibility percentage.

Dose/100 g
Element Ingredient Hamburger
. Saccorhiza
kinzelinly Qufnna polyschides Raw Steamed Roasted Grilled % DRV
mackerel (boiled)
(freeze-
A A dried)* — — = = Calories keal 140
Initial (1g/100 5944 L1201 116:£0 48+ S04 Uz 61+
i Fat kcal | 51
Se Bioace. (1g/100 g) 47438 008+001B 400 33418 41438 46448 43428 -
Bioaacessibility (%) 8040 7408 <10Q 80 10¥ R 13 g5=5¥ 0% Protemn keal 73
Initial (ug/100 g) 2514 40Q 36720+ 6034 L4+ TA 21420 232+ 1604 255604 Fat g | 5.65
I Bioacc. (ug/100 g) 19+ 1B ND 175862898 12744 153:+18 163+ 1188 15348 DHA mg 1234 494
Bioaacessibility (%) TB+0¢ ND 4823 STE1x 6928 Rxlb L Protein g | 183 4Q**

=

** Considering AR of 0.66 g per body weight

Hamburger enriched in (EFSA) and a 70 kg adult

S. pOIyS chides _ _ Essential elements
I BIO&CCGSSIb|e Selenil“n g 50 71_91*
Iodine ugl 221 147 ]

DRV- Dietary Reference Value ¥*EFSA-IOM

153 pg/100g (102 % DRV)

i (9  sAQuA KO~ [ \d
weStblc ag 4 ¥ Parditi == o 3 )
wes [PMA © Technopde &© BIM: - interreg [ comesny

claqua -

DELA ACUICULTURA




Journées profgssn nnelles de Rennes — Pdle halieutique

onciusao

Case-studies of seaweed-based functional foods fo\ IPMA

Portuguese Institute for Sea and
Atmosphere

The composition and properties of this functional food were

thoroughly study as well as their stability over storage time foods ey

Atrticle
Mackerel and Seaweed Burger as a Functional Product for Brain
and Cognitive Aging Prevention

Carlos Cardoso 2%, Jorge Valentim 2.3, Romina Gomes >4, Joana Matos 20, Andreia Rego 3, Inés Coelho %,
Inés Delgado 5, Carla Motta ®, Isabel Castanheira °, José A. M. Prates L , Narcisa M. Bandarra 1,2
and Claudia Afonso (0

Heliyon 10 (2024) 27171

Orga noleptic Study Q ‘Contents listz available at ScienceDirect p
Heliyon I -

COI or journal homepage: www.cell.com/heliyon
Odor. Rescarch article
Influence of cooking methods and storage time on colour, texture,
Texture. g g
. . and fatty acid profile of a novel fish burger for the prevention of
- Other physical properties. cognitive decline
TR e (e B G o el Presence/ Absence Of m0|d . Jorge Valentim ™", Claudia Afonso ™, Romina Gomes ™, Ana Gomes-Bispo **,

José A.M. Prates ™', Narcisa M. Bandarra®*, Carlos Cardoso ™"
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ctaqua

, : : . . CENTRO TECNOLOGICO
Food risk assessment: Microbiological = Raw materials selected from WP1. DE LA ACUICULTURA

Microbiological validation Objective:

C f — . Ensure the food safety and hygiene of
+ Count of aerobic microorganisms. the raw material acquisition processes
* Count of Enterobacteriaceae.

* Presence/Absence of Escherichia coll.
* Presence/Absence of Salmonella spp.
* Presence/Absence of Listeria monocytogenes
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Case-studies: Tuna pate (zurrapa) — -
Saturated fatty acids 2.20 £/100g
DE A ACHCUETURA 0 Butyric acid (C:4:0) <01 %
0 l t H t d Caproic acid (C:6:0) <0.1 %
rga no ep IC STU y Capnylic acid(C:8:0) <0.1 %
Parameter Value Unit Capric acid (C:10:0) <01 %
. [ [ [ . . o =
17 KJ/100, ic acid (C-11:
Microbiological validation raw material: S Unterani e G120 2
uri I 12 .
- Moisture 93.5 g/100g Tridecanoic acid (C:13:0 <0.1 %
Parameter Result (cfu/g) Unit Limits Parameter Value Unit Crude protein 1.0 ¢/100g Myristic aciﬂic(ld'ﬁ) ) a2 %
Salmonella spp Not detected - - Energyvalue ::: Kgﬂggg Fats <0.5 #/100g Pentadecanoic acid(C:15:0) 01 %
Listeria monocytogenes | Notdetected - Notdetected Crude protein 43.00 2/100g C? ':"’l""d"’tes :z': z;ggﬁ :ilmiﬁf: -’!ci;tté 1§ 0) !:-1 :
otalsugars o ~
Escherichia coli Not detected - - Fats <1.00 £/100g Totalﬁﬁe, <1.0 gmmg rgaric acd { » 1_'0) L
_ Saturated fats 0.06 /100g : & Stearic acid (C:18:0) 27 %
Enterobacteria <1.00E+01 cfu/g - Catoiinae 0 /1008 Ash 5.5 2/100g Arachidicacid(C:20:0) 0.2 %
Aerobes <1,00E+02 cfu/g - Total sugars <1.00 /100g Salt 5.8 8/100g Heneicosanoicacid(C:21:0) <0.1 %
. . . o ) Salt 5.90 /1008 Sodium 2.3 #/100g Behenic acid (C:220) 0.2 %
Table 1. Microbiological validation of fish cooking water. A e s o o pH 6.1 pH units Tricosanoic acid (C:23:0) 01 %
able J. ul 011 COmpOSl 101 O a mo]xma gS. i 2 2 2 “
‘Table 2. Nutritional composition of fish cooking water. H;&T;ﬁ;::ﬁg‘;: = :;2' gf:DGOg
Myristoleic acid (C:14:1) <0.1 %
H H H H H . . . . Pentadecenoicacid(C:15:1) <0.1 %
Microbiological validation product: awaiting microbiological o I
. . Margaroleic acid (C:17:1) 0.1 %
results from storage over an extended period of time _— — . Olsic acidwith isomer (C:18:1) L &
arameter alue nr N
Gondoic acid (C:20:1) 0.2 %
_ : _ —— 968 KJ/100g Enucicacid(C:22:1n9) 0.1 %
TUNAPATE Parameter Result (cfu/g) Unit Limits 232 Kcal/100g Nenvonic acid (C:24: 1n9) 0.2 o
__Ingredients Quantity(g) _ Quantity (%) Clostridium botulinum | Not detected - Notdetected Moisture 55.70 g/100g _Polyunsaturaredfatty acids 358  g/100%
Fish cooking water 218 19.6 Salmonella spp Not detected - Notdetected Crude protein 10.30 §/100g Linolsic aoid with isomer (C:18.7) 232 %
i Linolenic acid with isomer (C:18:3] 11 %
Msanerlal ‘_"t':.te' 3:02 3:: Listeria monocytogenes Not detected - Notdetected Fats 14.00 /100 Linolenic aclid (C:1& 3(|13] J 11 %
N?:osg'ﬂulzr . . Escherichia coli Not detected - Not detected Carbohydrates 15.70 g/100g Gamma-linolenic acid (C:18:3n6) <1 %
=3 - =5 5 Enterobacteriae <1.00E+01 cfu/g : Total sugars 1.10 8/100g Stearidonic acid (C: 18:4n3) 01 %
L ":jm alg|.na e_ . Aerobes 1.40E+04 cfu/g _ Totalfiber 1.00 8/100g Eicosadienoic acid (C:20:2n6) <0.1 %
Tuna mojama trimmings 300 27.0 Ash 3.30 g/100g Dihomo-gamma-linolenicacid(C:20:3n6) |  <0.1 M
LT e L Table 5. Microbiological validation of tuna pté. salt 176 g/1008 Arachdonic acid (C: 20:406) 01 %
i AL Sodium 0.70 8/100g Eicosatrienoic acid (C:20:3n3) <0.1 %
Table 4. Formulation of tuna paté. Ficosatetraenoic acid (C: 20:4n3) <01 %
Table 6. Nutritional composition of tuna paté. Eicosapentaenoic acid (EPA) (C:20:5n3) 0.2 %
Docosadienoic acid(C:22:2n6) <0.1 %
Dox enoic acid(DPA) (C:22:5n3) 0.1 %
Cenonicacid(DHA) (C:2Z6n3) 0.9 %
ctagua . ,ﬁ\ . P * . ~ Table 7. Fatty acids profile of tuna pité.
= M,:"““t:x westb|c Q) agro Rennes 2 = Parditi == lands P | ke
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ctaqua

CENTRO TECNOLOGICO
DELA ACUICULTURA

Case-studies: Fish seasoning

Organoleptic study

Microbiological validation raw material:

Parameter Result Unit Limits
Salmonella spp Not detected - Notdetected
Listeria monocytogenes Not detected - Not detected
Escherichia coli Not detected - -
Enterobacteria <1.00E+01 £ 0.00E+00 | cfu/g 1.00E+03
Aerobes 1.07E+03 +5.77E+01 | cfu/g 1.00E+06

Table 2. Microbiological validation of fresh anchovy.

Parameter Value Unit
Moisture 76.0+0.7 g/100g
Crude protein 20.7+0.8 g/100g

Table 3. Nutritional composition of fresh anchovy.

CENTRO TECNOLOGICO
DE LA ACUICULTURA

Ingredients Quantity (g) Quantity (%)
Fresh anchovy 15000 100.00
TOTAL 15000 100.00

Table 4. Formulation of anchovy seasoning.

Parameter Value Unit
B " Val e Aspartic acid 54:0.6 %
. . . . . aramatar S L Glutamicacid | 6.8+0.9 %
. L. . . . .
Microbiological validation product: awaiting microbiological egetcvon | 108017 Kioog s | doss |
398=4  Kcal/100g Histidine 3.240.3 %
results from storage over an extended period of time Moisture 1132012 g100g ke 3.4:02 %
Crude protein 76.03=0.65 g/100¢g Threonine 1.7:0.4 %
Totalfats 10.43+0.15 g/100g Arginine 3.1+0.3 %
Saturated fatty acids 3.35+0.02 g/100g Alanine 46+0.4 %
Parameter Resuilt Unit Limits Where Monounsaturated fatty acids | 2.24=0.02 §/100g Tyrosine 1.9:0.3 %
Mean<m m=100 mg/kg Polyunsaturated fattyacids | 4.85+0.16 g/100g Cystine <0,02+0.0 %
Histamines 21.9:4.1 mg/kg | Maximum of ¢/n values between m and M n=9; ¢=2 Carbohydrates <0.5=0.0 8/100g Valine 1.3+0.4 %
Novalues higher than M M=200mg/kg Total sugars <0.5=0.0 g/100g Methionine 2.8+0.3 %
Salmonella spp Not detected Not detected - Ash 11.43+0.68 8/100g Phenylalapine 2.2+04 %
Listeria monacytogenes Not detected Notdetected Salt 0.939+0.021  g/100g Isoleucine 1.2£0.5 %
Escherichia coli Not detected - Notdetected Sodium 0.376 £ 0.009 g/100g Leucine 4.7+0.8 %
Enterobacteria <1.00E+01+0.00E+00 | cfu/g 1.00E+02 pH 5.80+0.10 pH units Lysine 5.9+1.0 %
Aerobes 1136403 1.156402 |  cfu/g 1.00E+05 Phosphorus 251001552  mglkg Proline <0.02£0.0 %
Totalvolatile basic nitrogen 956 mg/100g 200 Calcium 99411368 mglkg Tryptophan 11203 %
Hydroxyproline <0.02+0.0 %
Table 5. hﬁczobiological validation of anchovy seasom'ng Table 6. Nutritional composition of anchovy seasoning.
: - ) Table 7. Amino acids profile of anchovy seasoning.
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ctaqua ~ |PMA

Key message. CENTRO TECNOLOGICO Portuguese Institute for Sea and
DE LA ACUICULTURA Atmosphere

Culinary treatment + bioaccessibility — essential for risk—benefit assessment
Improves evaluation of seafood nutritional value ‘

Supports recommendations on cooking practices and dietary choices

Outcome: Promotion of human health and well-being

Microbiology: Safe, stable, and suitable for consumption
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interreg [BEN co-funded vy

Atlantic Area gl the European Union

AQUAFISH

Thank you
Obrigada
Go raibh maith agat
Merci
Gracias

ctaqua : [ : @ s A~
core ome- Rerne esiea B Wi -
DE LA ACUICULTURA ' St AWM ees o EE TS e Y~y DIV geeopmen

eeeeeeeeeeeeeeeeeeeeeee
Instituto Portugués
AAAAAAAAA



