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USES OF SEAWEED: FOCUS ON FOOD
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Sourcing exciting new foods
from the sea.

NutraMara aims to identify novel marine food ingredients and
products with focus preliminarily on these main marine sources; fish

processing waste streams, under utilised species of fish and
seaweed and aquaculture.
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Cancer pagurus

rapace or carl
[brown meat)

large claw (white meat)

meat -often discarded)
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BIO ALGAE: APPLICATION OF DAIRY PROCESSING

TECHNOLOGIES TO SEAWEEDS (2018-present)
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ALGAE AS A PROTEIN SOURCE

Algal species

Protein
content
(% dry
weight)

Rhodophyta

Porphyrasp.

24
33.47
44
37
33
25

Chondrus crispuis

20

Gracilaria sp

21
24
20-26
12-22
19
10
31-45

Palmaria sp.

14
14-30

Chlorophyta

Ulva sp.

9-33
11
21

Ulva lactuca

27
29
7-12
17
11
17-20

Irish Macroalgae Industry 2010'

Macroalgae processing centres
A oOther Applications

A multiple Applications
& O ics, Therapies and

l agricuttural, Horticulture

& Animal Welfare Products
Food Products O

* * Area of production
* F Y *  Seaweeds farms

Shore algae harvesting
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SEAWEED STRUCTURE & ACCESS TO PROTEINS

* Fucus vesiculosus (Brown seaweed)
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inside
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Figure 1 — Cell wall structure of brown algae (left) and red algae (right). Adapted
from the studies of Charoensiddhi et al. (2017) and Khan et al. (2013).
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PHYSICAL & CHEMICAL TREATMENT STRATEGIES

Traditional protein extraction method High Pressure Processing (HPP) Autoclave

eUses sonication to caused localised cavitation to e[t is usually used as a method, to lyse bacterial elt has been observed that using heat for 30
the Algal cell walls cells and an alternative to other more taste minutes improves the bio accessibility of the

*This method was the only one which used a altering technique of preservation amino acids from 86-109% in P. palmata

¢|ts main disadvantage is denaturing any natural
proteins of interest

precipitation step with ammonium sulphate, and
additional cell wall damage due to freeze thaw
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Protein yields from seaweeds following physical treatments**

Percentage of extracted protein obtained following pre-treatment application (mean *

SD, n=3)
Species C. crispus
F. vesiculosis A. esculenta P. paimata

Traditional 351291 (A) 182 £+ 53 (A) 125+ 23 (A) 352139
®)

HPP 237121 (A) 15.0 £ 2.9(A) 149 1.1 (A) 16.1 £.5(A)

Autoclave 243 1.5(A) 17.1 £ 1.5(A) 2152 1.4(B) 219 ¢
3.3(A)

The three physical extractions are compared only against each other for each specific macroalgae species to see which method, if any, resulted in a significant

increase in protein yield. Data with the same letter in () indicates that no significant difference in protein yield was observed, while different letters show a
significant difference in protein yields obtained.

**Q’ Connor, J., Meaney, S.- Williams, G., Hayes, M.(2020). Extraction of protein from four different seaweeds using three different physical pre-treatment strategies, Molecules (submitted).
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Protein Quality — Essential amino acid content

Amino acid profile of the crude macroalgae and macroalgal derived protein extracts (percentage of the Total amino acids)

Amino Fucus vesiculosis Alaria esculenta Palmariapalmata Chondruscrispus Cow*

Acids Crude Trad HPP Auto Crude Trad HPP Auto  Crude Trad HPP Auto  Crude Trad HPP Auto Casein

Threonine 1,51 2,59  4.09 4.57 4.63 5.79 4.54 356 4.71 4.89 3.67 3.66 4.57 5.54 2.82 3.86 4.4

Valine 1.23 253 433 3.69 541 6.63 334 in 6.15 7.39 417 3.94 3.69 6.25 374 4.37 6.5

Isoleucine 120 1.64 222 1.89 431 4.54 1.59 1.43 364 459 in 215 1.89 4.51 234 312 5.5

Leucine 060 325 413 271 7.09 7.27 232 1.56 591 7.73 383 3.68 27N 6.93 323 4.98 8.3

Pheﬂylalm 077 227 327 247 458 4.67 295 2.50 384 491 261 2.66 247 4.29 0.40 4.49 4.5

ine

Histidine 570 445 290 147 5.04 2.28 5.26 333 4.65 2.57 5.26 295 1.47 215 3.06 355 28

Lysine 1.75 244 210 416 5.28 5.22 0.96 1.65 5.58 6.40 322 3.67 416 531 4.14 4.58 7.4

Methionin = 0,00 1.66 1.84 4.61 285 346 0.99 230 2.70 317 0.80 234 4.61 329 0.83 2.59 2.5

e

Arginine 1.20 212 266 2352 7.00 5.88 2.05 1.63 5.96 6.32 2.87 2.98 2.52 6.48 277 5.09 37 A

ZEAAGA) 1277 2545 256 2655 3932 4199 21.96 2027 37.6826.66 2520 26,55 4094 2510 31.70 45.1 A
69.05

TAA 4430 5782 176 1972 6l1.12 93.70 3134 3762 1121 7310

3523 3968 1374
(e/ke) R

o |
| L

**Q’ Connor, J., Meaney, S.’ Williams, G., Hayes, M.(2020). Extraction of protein from four different seaweeds using three different physical pre-treatment strategies, Molecules (submitted).
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Functionality of protein - €€€

Value

Foaming, Emulsifying
Gelling

Animal derived pmtelrtse
moderate process H

Plant derived proteins

moderate process
T T T T T T T T T T /\/ T T T T P
6 17 18 70 80 a0 100

T T T LA T
1234567 891011121314151
Price (€}

Texture development

€/Kg

Functionality or performance of proteins and prices (adapted from Hart, 2015*)

*Hart, P., 2015 “https://www.slideshare.net/ PaulHart1/lant-proteins-wtg-03-0315-london-em.”



Technofunctional applications

Solubility
Foaming

Emulsification
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Technofunctional applications of seaweed proteins
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L Food Research Intermanonal 99 (2017) 971-978
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Assessment of the functional properties of protein extracted from the
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brown seaweed Himanthalia elongata (Linnaeus) S. F. Gray

M. Garcia-Vaquero “~*, M. Lopez-Alonso ¥, M. Hayes ©

+ School of Veteriary Medicese, University College Dubdin, Beffiedt, Dublin &, breland
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Acoupiud 28 June 20 levels of the essential amino acids and methionine. SDS-PAGE showed 5 protein bands with mole
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g H M Keyworss mincd as 1027 + 009 g H,0/g and 8.1 + 0.07 5 oil/g respectively. Foaming activity and stabilicy were h
Himanthalia e Ongata e it sialine 5 vahues The cmataiSAn copuciy snd stabiey o the €xract varied depending oo the pH
= Funceional propertes used. These results demonstrate the potential use of Himanthabic protesn extract in the food
3 Amino acid profie © 2016 Elsevier Ltd_ All rights rese
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1. Introduction These features all contribute to the taste, texture and consumer 3
100 N T - L tance of food products (Ogunwolu et al. 2009). The functional pro
1 1 I The world's population is expected to reach 9.1 billion people within -~ ties of a protein concentrate depend on its physicochen
90 the next 40 years and it is predicted that food production will need to which include weight. amino acid comy
double in the next four decades. In this scenario protein supply will be tion, net charge and surface icity. The i r
50 mahwnnmwammhdum(mmu) istics of. i ofty £ it
At present, animal protein for by isin- For cowpea and pigeon pea protein isol
20 efficient, and on average the production of 1 kg of animal protein re- in colour and enthalpies deps
'; 1 o 0 “ &@ » ;; 108 120 quires 6 kg of plant protein (Aiking. 2014). In terms of food ing on the (mé versus isos
: 2 sustainability, utilisation of less animal protein could be beneficial in ic point and the (pH) (Mwa:
Time (minutes) % L terms of preventing the effects of climate change (Aiking. 2014). Plant  Muhammad, Bakar, & Man, 1999
) proteins are cheaper to produce than animal proteins but lack demand for for human ha
-e-pH2 &—pH4 w=-pH & ——pH 8 -3~ pH 10 E S0 amino acids. For example, lysine and try)| are deficient in cereals creased due to consumer demands for new and healthy “natural §
" P - and methionine in legume crops (Ufaz & Calili, 2008). Itis stuffs™ ina manner. are known t
Ditfewtlefen Sinlfoes: MATHIEC e FE betioen e difaciEs. g W0 to find viable toboth animal and  rich in minerals and certain vitamins, but they also can be a rich so
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N ac | | ﬁ ab b a
pH6

terrestrial plant protein sources (Suresh Kumar, Ganesan. Selvara) &
Subba Rao, 2014).
Protei

to the = of fool prod-
ucts and can act as emulsifying agents, |mu:e modifiers in addition to
assisting with fat and water and tl

of protein. The protein composition of seaweed and the primary
quences of the protein amino acids are different from those of land
teins and may be better suited for human consum,
other vegetable protein sources (Joel Fleurence, 1999). Most seaw
M(mndlhmmlmmmawmm\
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HYDROLYSATE TECHNOLOGIES

Hydrolysate technology can offer \'
smaller processors a cost
effective method to handle St e
seafood processing by-products.

Produce high quality oils and
protein for food, feed and o b,

Peptide hydrolysate

fertilisers. Sy

Produces bioactive peptides.
Reduces allergenicity.

Sports nutrition, foods for the
elderly, infant nutrition, pet
health.
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Key Areas based on Market and Scientific
Opportunity

e
opportunities

~ Weight Management
BURRILL & COMPANY 4 ire seicnces xemesant sanx
T Joint health Women’s health

Alzheimer's

Macular Prostate Inflammation CArdiovascular

MARKET degemeration CANCET Chlose

. s Cogniti
OPPORTUNITY PO s e fanction Management
(size and growth,
unmet needs)

Colon cancer

Infant Enteral/ Aged

nutrition parental malnutrition
nuirition

SCIENTIFIC OPPORTUNITY
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Bioactive peptides sources




Generation of bioactive peptides

Extraction of macroalgal, microalgal or marine
by-product proteins

Freeze-dry
Hydrolysis
with proteolytic enzymes
Freeze-dry N J
e

Test hydrolysates for PAF—@\H, PEP, ACE-I and renin inhibition

UF 10kDa MWCO/3kDa MWCO
V
Purification RP-HPLC

V

Characterisation — UPLC & MS
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Coronary heart disease,
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Impaired glucose metabolism, v
Hyperlipidemia,
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Kallidin

I
I
|
| Ang term (1-7y*
S~
Lys-Arg-Pro-Fro-Gly-Phe-Ser Pro-Phe-fg :
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Brain activity, R ]
Infection control, ()
Bowel movement, r*‘
Irritable bowel syndrome, " efsa =
Osteoporosis European Food Safety Authority
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BIOACTIVITIES FOR HEART HEALTH

Ulva lactuca
(Sea lettuce) & marine drugs ey

¢ I Aticle
: : In Vitro and In Silico Approaches to Generating and
Angiotensinogen . R D) O Aot | Identifying Angiotensin-Converting Enzyme I
) RN e N e | Inhibitory Peptides from Green Macroalga

i i : Ulva lactuca

Renin ~ ¥ ACE-T INHIBITION
» N P e e
\

/

v Marco Garcia-Vaquero '*(7, Leticia Mora > and Maria Hayes *
1 School of Veterinary M‘dklm, Univmuty College Dublin (UCD), Belfield, Dublin 4, Ireland

?  Instituto de Agroquimica y Te de Ali (CSIC), Avenue Agustin Escardino 7,
womr'amm("' ia), Spain; | iata.csic.es

¥ Food Biosciences Department, TEAGASC, Food Research Centre, Ashtown, Dublin 15, Ireland;
maria hayes@teagasc.ie

*  Correspondence: marco.garcia.vaquero@gmail. com

. Angiotensin I
RENIN Asp-ArQVab Tyr-le-Hs-Pro-Phe He-Leu
INHIBITION

Bradykinin

A Pro-Pro-Gy#he-Sa Profte-Ag

Kallidin
Lys-&eg-Pro-Pro-Gy fre-SerProfhe-frg 1

", check for
Received: 4 March 2019; Accepted: 27 March 2019; Published: 30 March 2019 . updates

I

: Angiotensin (1-7)*
! Asp- el Tyr-Be-Hs Pro
Abstract: A protein extract was generated from the macroalga Lllm lactuca, whnch was subsequently
hydrolysed using the food-grade enzyme papam and angi g Enzyme | and renin
inhibitory peptides identified using a comt of enrich g ployi 1
weight cutoff filtration and mass sp y analysis. The g d hydroly wuh the most
promising in vitro activity were further purified using pmparamt RP-] HPLC and characterised.
The 1 kDa hydrolysate (1 kDa-UFH), purified and collected by preparative RP-HPLC at minutes
41-44 (Frd1-44), displayed statistically higher ACE-I inhibitory activities ranging from 96.91% to
9806% A total of 48 novel peptides were identified from these four fractions by LC-MS/MS.
A lated inal digestion of the identified peptide seq was carried out using in
silico enzy cleavage imulation tools, resulting in 86 peptide seq that were further assessed
for their potential activity, toxicity and allergenicity using multiple predictive approaches. All the
peptides obtained in this study were predicted to be non-toxic. However, 28 out of the 86 novel
peptides released after the in silico gastrointestinal digestion were identified as potential allergens.
The p ial allergenicity of these peptid slmuldbefurtlurcxplomdlommplyw{&ﬂrmmt
labelling lations in f lated food g U. lactuca protein hydrolysates.

B! F

Increase inblood pressure

\

ACE:
INHIBITION
Vasodilatation

K d in; protein hydrol ACE-I; renin; allergenicity; in silico analysi

Y

funchonal food; bwoatm'c peptide; bioinformatics
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BIOACTIVITIES FOR HEART HEALTH

AG RfCU LTiJRA‘:L AND [ roview |
FOOD CHEMISTRY ks acs orglARC

Heart Health Peptides from Macroalgae and Their Potential Use in
Functional Foods

Ciarin Fitzgerald,"® Eimear Gallagher," Deniz Tasdemir,® and Maria Hayes™"

"Food BioSciences Department and "Department of Prepared Foods, Teagasc Food Research Centre, Ashtown, Dublin 15, Ireland

*Department of Pharmaceutical and Biclogical Chemistry, School of Pharmacy, University of London, 29-39 Brunswick Square,
London WCIN 1AX, United Kingdom

ABSTRACT: Macroalgae have for centuries been consumed whole among the East Asian populations of China, Korea, and Japan.

AGRICULTURAL AnD
FOOD CHEMISTRY pre——"—

Isolation and Characterization of Bioactive Pro-Peptides with in Vitro
Renin Inhibitory Activities from the Macroalga Palmaria palmata
Ciaran Fltzgeral% Leticia Mora- Soler( * Eimear Gallagher,” Paula O’Connor," Jose Prieto,*

Anna Soler-Vila,Y and Maria Hayes* his

"Food Biosciences Department, Teagasc Food Research Centre, Ashtown, Dublin 15, Ireland L
fCentre for Systems and Synthetic Biology, School of Biological Sciences Royal Holloway, University of London, Egham,

Surrey TW20 OEX, UK. =t
#Teagasc Food h Centre, Ash , Food Chemistry and T D Dublin 15, Ireland ;‘;
"Teagasc Food h Centre, park, Food BioSci D Fermoy, County Cork, Ireland oy
of i and Bi Cl v, School of U ity of London, 29-39 Brunswick Square, ert

London WCIN 1AX, UK. N
Virish Seaweed Group, Ryan Institut i Marine and Energy Research, National University of Ireland, Galway, :;

Palmaria palmata (Linneaus) AGRICULTURAL Ao -

Weber & Mohr FOOD CHEMISTRY ——

Potential of a Renin Inhibitory Peptide from the Red Seaweed
Palmaria palmata as a Functional Food Ingredient Following
Confirmation and Characterization of a Hypotensive Effect in
Spontaneously Hypertensive Rats

Ciaran Fitzgerald,*‘* Rotimi E. Aluko,* Mohammad Hossaj.n,* Dilip K. Raj,* and Maria Hayes*

"Food Biosciences Department, Teagasc Food Research Centre, Ashtown, Dublin 15, Ireland
“Department of Human Nutriti Sciences, University of Manitoba, Winnipeg R3T 2N2, Canada

ABSTRACT: This work ined the resistance of the renin inhibitory, tridecapeptide IRLIVLMPILMA derived previously
from a Palmaria palmata papain hydroly during inal (GI) transit. Following si d GI di

products were identified using mass spectrometry am]ys.s and the known renin and angiotensin I converting enzyme inhibitory
dipeptide IR was identified. In vivo animal studies using spontaneously hypertensive rats (SHRs) were used to confirm the
antihypertensive effects of both the tridecapeptide IRLIIVLMPILMA and the seaweed protein hydrolysate from which this
peptide was isolated. After 24 h, the SHR group fed the P. palmata protein hydrolysate recorded a drop of 34 mm Hg in systolic
blood pressure (SBP) from 187 (+0.25) to 153 (+ 0.64) mm Hg SBP, while the group fed the tridecapeptide IRLIVLMPLIMA
presented a drop of 33 mm Hg in blood pressure from 187 (+0.95) to 154 (+0.94) mm Hg SBP compared to the SBP recorded
at time zero. The results of this smdy indicate that the seaweed protein derived hydrolysate has potential for use as
antihypertensive agents and that the tridecapeptide is cleaved and activated to the dipeptide IR when it travels through the GI
tract. Both the hydrolysate and Pe])l)de reduced SHR blood P when administered orally over a 24 h period.

KEYWORDS: in vifro simul inal dig sp typertensive rafs, renin inhibitory peptides, red macroalga
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Renin inhibitory hydrolysate and peptide : in vivo
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Fitzgerald, C., Aluko, R. E., Hossain, M., Rai, D. P., Hayes, M. (2014), Potential of a renin inhibitory peptide from the red seaweed Palmaria palmata as a functional food ingredient following confirmation
And characterisation of a hypotensive effect in Spontaneously Hypertensive Rats. Journal of Agricultural and Food Chemistry, 62, 8352-8356.
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The higher the value, the more the flour absorbs water

Appearance

AN

Dulse — The seaweed that tastes like bacon!
S LN

A high value corresponds
to high dough stability in
mixing

ckwheat + Hydrolysate

A high value corresponds
to high gluten resistance
to heating

ccogosc

A high value corresponds to high dough viscosity during heating B S iS
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Further information please contact me at: Maria.Hayes@teagasc.ie



mailto:Maria.Hayes@teagasc.ie
mailto:Maria.Hayes@teagasc.ie

