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Introduction — Seaweed industry

Posibilities of seaweed
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Valorisation of seaweeds: obtaining extracts
with pharmaceutical, cosmetic or food interest.
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Introduction — Seaweed industry

Local common name Scientific name Uses

broths, snacks, with
Kombu Laminaria spp. legumes

with vegetables, cereals,
Kombu real Saccharina latissima fish ... or toast

Espagueti de mar

Himanthalia elongata

with vegetables, cereals,
fish ... or fried

Wakame Undaria pinnatifida raw or boiled
stews, vegetables, rice or
Nori Porphyra spp. sautéed
Dulse Palmaria palmata rehydrated
salads, sauces, dressings,
creams, ceviche, sushi,
croquettes, side dishes
 Alga percebe Codium spp. and rice dishes
Lechuga de mar Ulva spp. preserves
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Figure 1. Global seaweed aquaculture production (1950-2014). FAO (2015)
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Project background

Algae used in this study:

Laminaria spp.
Saccharina latissima
Himanthalia elongata
Undaria pinnatifida
Porphyra spp.
Palmaria palmata
Codium spp.

Ulva spp.

RSM design

|

Parameters studied:

Concentration ethanol: 0
— 100 % aqueous-
ethanol, v/v (solid - liquid
ratio 30 g/L).

Time: 10 =110 min.
Pressure: 100 — 600 mPa.

RSM results

|

Response surface methodology
using a five-level central
composite design combining
the independent variables of
processing time, pressure and
solvent.

Phenolic and dry
weight results



Aim - methods

Different
extraction
techniques
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Microwave Extraction by Extraction with
assisted supercritical electric pulses
extraction (MAE) fluids (SP) (EP)

High hydrostatic
pressures (HHP)

Ultrasound-
assisted
extraction (UAE)

Enzyme-assisted

extraction (EAE) i el ais sy

Non conventional techniques

Conventional techniques



The 1st International Electronic Co
§ on Food Science and FunctionalFo
10-25 NOVEMBER 2040 SNENS

Material and methods - HHP

Extracts lyophilisation Powdered sample HP extraction

High pressure extraction
(HHP) moas o e

Filtration Centrifugation

Chemical characterization (—
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Material and methods - quantification

HPLC-UV system

Mobile phase:
Formic acid (0,1 %)

— Stationary phase:
Inertsil L00A ODS-3 reversed-phase
column (5 pum, 4.6 x 150 mm)
thermostatted at 35 °C

Extracts

Same results
with both
techniques

Ildentification and
quantification S - ,,,




Material and methods - RSM

Extraction Variables (independent):

X,: Extraction time - t (min)
X,: Pressure - P (mPa)
X;: Solvent - % (Water-Ethanol)

Response Surface Methodology
(RSM)

Intercept

Response variables (dependent):

Yy

: % of extraction yield

Y,: mg of galic acid per g of dw seaweed

Y = b +be +ZZb”xx +Zb“X2

1=l j=2
| L >l

Linear effect Interactive effect

[
Quadratic effect

The optimization process here described can
be solved with 31 experimental points plus
some preliminary trials to centre the ranges
of the variables involved.

The mathematical solutions produced allow
to control the complete extraction process
and can be used by the industry to select the
conditions that makes the process more
profitable.

Chemical study of 3 variables may involve MORE THAN 200 possible experimental
combinations for each extraction technique
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Results and discussion - RSM

Table 1: Experimental RSM results of the CCCD for the optimization of the three main variables involved (X7, X5, and A3) in the HPE for the
two response value formats assessed (¥;. and ¥>). Three replicates were performed for each condition for each technique. Samples used were
Kombu (KR. Laminaria spp.). Kombu real (KR. Saccharina latissimi), Espagueti de mar (EM. Himanthalia elongate). Wakame (W, Undaria
pinnatifida). Nori (N, Porphyra spp.). Dulse (D. Palmaria palmate). Alga percebe (AP, Codium spp.) and Lechuga de mar (LM, Ulwva spp.).

VARIABLE EXTRACTED RESIDUES RESPONSES TOTAL PHENOLIC CONTENT RESPONSES
CODED VALUES K KR EM W N D AP LM K ER EM W N D AP LM
X X7 Xs 24 % 26 % %5 % % %5 mg PCr/g mg PCi'g mg PC/g mg PCig mg PC/g mg PC/g mg PCr/g mg PCig

-1 -1 -1 235 328 358 275 537 46.5 433 387 78.3 1094 1194 91.7 1789 1550 1444 1289
-1 -1 1 273 343 18.7 18.5 327 215 14.5 295 489 114.4 622 61.7 108.9 71.7 483 98.3
-1 1 -1 10.0 40.3 323 28.0 510 48.0 43.0 37.5 91.1 1344 107.8 933 1700 1600 1433 1250
-1 1 1 14.5 26.3 152 18.7 222 202 20.7 277 483 B7.8 50.6 622 739 672 68.9 922
1 -1 -1 300 433 36.0 275 518 473 45.0 413 1000 1444 1200 91.7 1728 1578 1500 1378
1 -1 1 14.7 358 152 20.0 152 132 223 292 489 119.4 50.6 66.7 50.6 439 T4.4 972
1 1 -1 273 39.2 333 278 520 47.2 40.3 373 91.1 1306 111.1 928 1733 1572 1344 1244
1 1 1 10.0 29.5 15.0 16.2 297 238 25.5 30.5 333 98.3 50.0 53.9 98.9 79.4 85.0 101.7
-1.68 0 0 17.0 36.7 258 245 468 40.3 338 337 56.7 1222 86.1 81.7 156.1 1344 1128 1122
1.68 0 0 18.2 345 272 248 477 385 38.7 353 60.6 115.0 90.6 828 1589 1283 1289 1178
0 -1.68 0 18.3 345 257 237 507 427 322 360 61.1 115.0 856 78.9 1689 1422 1072 1200
0 1.68 0 0.0 26.7 222 0.0 0.0 388 312 310 0.0 889 739 0.0 0.0 1294 1039 1033
0 0 -1.68 247 403 43 2 25.0 497 5373 547 423 822 1344 1439 833 1656 1778 1822 141.1
0 0 1.68 13 10.2 28 6.7 4.5 5.5 4.2 72 4.4 339 9.4 2237 15.0 183 13.9 239
-1.68 -1.68 -1.68 293 40.0 365 232 480 40.8 51.0 337 978 133.3 121.7 77.2 1600 1361 1700 1122
-1.68 -1.68 1.68 1.7 63 25 32 35 5.0 2.0 57 5.6 211 83 10.6 11.7 16.7 6.7 18.9
-1.68 1.68 -1.68 273 41.3 457 17.0 502 56.3 487 387 911 1378 1522 56.7 167.2 1878 1622 1289
-1.68 1.68 1.68 0.3 10.2 33 6.7 5.0 4.8 22 55 1.1 339 111 2232 16.7 16.1 72 18.3
1.68 -1.68 -1.68 357 372 458 27.0 542 297 54.2 407 1189 1239 1528 90.0 180.6 98.9 1806 1356
1.68 -1.68 1.68 0.2 58 1.7 472 4.5 2.0 15 55 0.6 194 5.6 139 51.1 6.7 50 183
1.68 1.68 -1.68 287 345 425 29 8 308 535 452 358 95 .6 1150 1417 99 4 1028 1783 1506 1194
1.68 1.68 1.68 0.5 9.5 4.2 6.5 38 1.8 1.7 5.7 1.7 31.7 139 21.7 12 8 6.1 5.6 18.9
0 0 0 18.8 373 28.7 27.0 492 430 358 375 628 124 4 956 90.0 1639 1433 1194 1250
0 0 0 19.3 392 292 26.0 522 41.2 38.0 380 64 .4 130.6 972 86.7 1739 1372 1267 1267
0 0 0 210 36.8 270 252 51.5 358 31.7 352 70.0 122 8 90.0 839 171.7 1194 1056 1172
0 0 0 200 38.7 277 232 527 425 353 363 66.7 128.9 9232 772 1756 1417 1178 121.1
0 0 0 17.8 343 202 223 500 0.0 303 420 59.4 114.4 672 74.4 166.7 0.0 101.1 1400
0 0 0 19.3 338 0.0 247 430 427 35.0 388 544 112.8 0.0 822 1433 1422 1167 1294
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Results and discussion - RSM
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Table 3. Variable (X;, X2, and X3) conditions in natural values that lead to optimal response values for RSM
using a CCCD for HPE for the two individual response value formats (¥; and Y>) and for the global optimal
conditions. Samples used were Kombu (K, Laminaria spp.), Kombu real (KR, Saccharina latissimi),
Espagueti de mar (EM, Himanthalia elongate), Wakame (W, Undaria pinnatifida), Nori (N, Porphyra spp.),
Dulse (D, Palmaria palmate), Alga percebe (AP, Codium spp.) and Lechuga de mar (LM, Ulva spp.).

OPTIMAL VARIABLE CONDITIONS

CRITERIA : OPTIMUM RESPONSE
X;: t (min) Xo: P (mP) X5 5 (%)

K Y; 61 360 90 11.43£2.82 %
Y, 74 321 74 58.58+2.27 mg PC/g S dw

KR Y; 31 388 S 22.03+2.51 %
Y; 94 383 85 78.70+1.56 mg PC/g S dw

EM ¥; 94 383 99 9.86x+2.60 %
! Y 81 279 53 67.74+1.27 mg PC/g S dw

W Y; 98 111 69 20.17£2.96 %
g 36 232 36 54.27£2.08 mg PC/g S dw

N ¥, 33 272 20 15.55+1.50 %
) g) 106 304 31 82.89+2.94 mg PC/g S dw

D ¥; 40 463 99 8.84+1.35 %
> 100 274 100 82.27+1.99 mg PC/g S dw

AP ¥; 47 148 27 18.25+1.53 %
Y, 30 175 89 62.18+1.27 mg PC/g S dw

IM Y; 41 370 50 21.18+1.00 %
Y, 91 398 90 11.95£2.73 mg PC/g S dw
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