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Abstract 20 

A protein extract from the brown seaweed Himanthalia elongata (Linnaeus) S. F.Gray was 21 

prepared and its functional properties, colour and amino acid composition were assessed for 22 

its potential future use by the food industry. The total content of amino acids was determined 23 

as 54.02±0.46 g amino acids/ kg dry weight, with high levels of the essential amino acids 24 

lysine and methionine. SDS-PAGE showed 5 protein bands with molecular weights of 71.6, 25 

53.7, 43.3, 36.4 and 27.1 kDa. The water holding capacity and oil holding capacity were 26 

determined as 10.27 ± 0.09 g H2O / g and 8.1 ± 0.07 g oil / g respectively. Foaming activity 27 

and stability were higher at alkaline pH values. The emulsifying capacity and stability of the 28 

extract varied depending on the pH and oil used. These results demonstrate the potential use 29 

of Himanthalia elongata protein extract in the food industry. 30 

Keywords: brown seaweed Himanthalia elongata, functional properties, amino acid profile, 31 

foaming properties, emulsifying properties. 32 
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1. Introduction 45 

The World’s population is expected to reach 9.1 billion people within the next 40 years and it 46 

is predicted that food production will need to double in the next four decades. In this scenario 47 

protein supply will be critical for both human food and animal feed uses (Aiking, 2014). 48 

At present, animal protein production for human consumption is inefficient, and on average 49 

the production of 1 kg of animal protein requires 6 kg of plant protein (Aiking, 2014). In 50 

terms of food sustainability, utilisation of less animal protein could be beneficial in terms of 51 

preventing the effects of climate change (Aiking, 2014). Plant proteins are cheaper to produce 52 

than animal proteins but lack essential amino acids. For example, lysine and tryptophan are 53 

deficient in cereals and methionine in legume crops (Ufaz & Galili, 2008). It is necessary 54 

therefore to find economically viable alternatives to both animal and terrestrial plant protein 55 

sources (Suresh Kumar, Ganesan, Selvaraj, & Subba Rao, 2014). 56 

Protein contributes to the technofunctional properties of food products and can act as 57 

emulsifying agents, texture modifiers in addition to assisting with fat and water absorption 58 

and the whipping properties of foods (Ogunwolu, Henshaw, Mock, Santros, & Awonorin, 59 

2009). These features all contribute to the taste, texture and consumer acceptance of food 60 

products (Ogunwolu et al., 2009). The functional properties of a protein concentrate depend 61 

on its physicochemical characteristics which include molecular weight, amino acid 62 

composition, net charge and surface hydrophobicity. The physicochemical characteristics of a 63 

protein extract often depend on the extraction conditions employed. For example, cowpea and 64 

pigeon pea protein isolates displayed differences in hydrophobicity, colour and enthalpies 65 

depending on the extraction technique (micellation technique versus isoelectric point 66 

precipitation) and the conditions employed (pH)(Mwasaru, Muhammad, Bakar, & Man, 67 

1999). 68 



Recently, demand for seaweed for human consumption has increased due to consumer 69 

demands for new and healthy “natural foodstuffs” produced in a sustainable manner. 70 

Seaweeds are known to be rich in minerals and certain vitamins, but they also can be a rich 71 

source of protein. The protein composition of seaweed and the primary sequences of the 72 

protein amino acids are different from those of land proteins and may be better suited for 73 

human consumption compared to other vegetable protein sources (Joel Fleurence, 1999). 74 

Most seaweeds also contain all the essential amino acids and brown macroalgae were 75 

reported to contain higher levels of the acidic amino acids aspartic and glutamic acid than red 76 

and green macroalgae (Joel Fleurence, 1999). Himanthalia elongata belongs to the brown 77 

macroalgae or Phaeophyta. It has a history of safe use and acceptability in cooking and was 78 

previously used to add a beefy or nutty-like flavour to dishes (Rhatigan, 2009). Indeed, 79 

previously, beef patty formulations produced using the seaweed H. elongata (40% inclusion) 80 

were rated the highest in terms of overall acceptability due to improvement in texture and 81 

mouth-feel without losing its sensory quality (Cox & Abu‐Ghannam, 2013). However, only a 82 

few studies have been carried out detailing the functional properties of seaweed protein 83 

extracts (Kandasamy, Karuppiah, & Rao, 2012; Suresh Kumar et al., 2014). 84 

The aim of the present study was to investigate the functional properties of protein extracts 85 

generated using food grade chemicals from the brown seaweed H. elongata commonly 86 

known as sea spaghetti. The solubility, water activity, water and oil holding capacity, 87 

emulsifying and foaming properties of the extracted protein were assessed. In addition the 88 

amino acid composition, colour and pH of the H. elongata protein extract were studied to 89 

assess the potential of this seaweed protein for use in the food industry. 90 

 91 

 92 

 93 



2. Materials and method 94 

2.1 Materials 95 

Himanthalia elongata (Linnaeus) S. F. Gray provided by Porto-Muiños, Galicia, Spain was 96 

hand-harvested and collected at Muros, A Coruña, Galicia, Spain on the 20
th

 of May 2013. 97 

Samples were freeze-dried, milled and vacuum preserved until further analysis. To avoid 98 

physicochemical modifications of the protein all reagents used during these experiments were 99 

food grade chemicals. Sunflower and olive oils from Musgrave House Ltd. (Cork, Ireland) 100 

and rapeseed, peanut and walnut oils from Lakeshore Foods Ltd. (Drogheda, Ireland) were 101 

purchased for use in this study. 102 

2.2 Protein extraction and determination 103 

Crude protein was extracted in triplicate according to the method of Galland-Irmouli et al. 104 

(1999). Briefly, 10 g of freeze-dried seaweed were suspended in 1 L of ultrapure water and 105 

ultra-sonicated for 1 hour using a Bransonic® 3510EMT (Branson Ultrasonic SA, 106 

Switzerland). This sample was left to stir overnight on a magnetic stirrer plate (IKA RCT 107 

basic safety control, Germany) at 4 °C. After 24 hours, the solution was centrifuged at 10000 108 

x g for 1 hour and the supernatant decanted. The pellet fraction was re-suspended in 0.5 L of 109 

ultrapure water and subjected to a second extraction procedure as described above. 110 

Supernatants from both days were pooled together, and saturated to 80% with ammonium 111 

sulphate for 1 hour at 4 °C followed by centrifugation at 20000 x g for 1 h to precipitate the 112 

protein. The protein precipitates were diluted in a minimum volume of water and were 113 

subsequently dialyzed using Thermo Scientific™ SnakeSkin™ 3.5 kDa molecular weight cut 114 

off (MWCO) tubing (Fisher Scientific, New Hampshire State, USA) against ultrapure water 115 

at 4 °C overnight. Conductivity values were obtained for the water in dialysis tanks following 116 

incubation using a conductivity meter (Wissenschaftlich Technische Werkstätten, Germany). 117 

Dialyzed protein extracts were freeze-dried in an industrial scale freeze-drier FD 80 model 118 



(Cuddon Engineering, New Zealand), vacuum sealed and stored at -20 °C until further 119 

analysis. The protein yield of this process was calculated as g protein extract / g seaweed on 120 

dry weight (DW). Nitrogen was analysed using a Leco Protein Analyser (Leco FP 628, Leco 121 

Corporation, USA). A factor of 6.25 was used to compute the protein value for the seaweed 122 

protein extract. 123 

2.3 Total and free amino acid composition 124 

For total and free amino acid composition analysis, H. elongata protein concentrate was 125 

hydrolysed in 6M HCl at 110°C for 23 hours following the method of Hill (1965). Samples 126 

were then deproteinized by mixing equal volumes of 24% (w/v) tri-chloroacetic acid (TCA) 127 

and sample, these were allowed to stand for 10 minutes before centrifuging at 14400 x g 128 

(Microcentaur, MSE, UK) for 10 minutes. Supernatants were removed and diluted with 0.2 129 

M sodium citrate buffer, pH 2.2 to give approximately 250 nmol of each amino acid residue. 130 

Samples were then diluted 1 in 2 with the internal standard norleucine, to give a final 131 

concentration of 125 nm/mL. Amino acids were quantified using a Jeol JLC-500/V amino 132 

acid analyser (Jeol (UK) Ltd., Garden city, Herts, UK) fitted with a Jeol Na
+
 high 133 

performance cation exchange column. 134 

2.4. Polyacrylamide gel electrophoresis 135 

Tris-Tricine-SDS-PAGE was performed using a Mini-PROTEAN® electrophoresis unit 136 

(Bio-Rad laboratories, USA) using Mini-PROTEAN® 10-20% Tris-Tricine Precast Gels 137 

(Bio-Rad laboratories, USA). Protein separation was performed according to the 138 

manufacturer’s recommendations. Briefly, samples were diluted 1:1 in with loading buffer 139 

containing 200 mM Tris-HCl pH 6.8, 2% SDS, 40% glycerol, 0.04% Coomassie Blue G-250 140 

and 350 mM DTT. Samples were heated at 55°C for 10 minutes and loaded in the precast 141 

gels in the electrophoresis unit in the presence of running buffer containing 100 mM Tris-142 

base, 100 mM Tricine and 0.1% SDS. Running conditions were 30-35 mA for 3 hours and 143 



15-20 mA for 2 hours. The Precision Plus Protein™ Dual Xtra Prestained Protein Standard 144 

(Bio-Rad laboratories, UK) was used as a molecular mass marker (250 - 2 kDa). After 145 

migration, protein bands were detected by Coomassie staining. Proteins were fixed in 40% 146 

methanol and 10% acetic acid for 40 minutes at low speed in an orbital shaker (VWR, USA). 147 

The gel was washed three times in ultrapure water for 5 minutes and then stained in 148 

Coomassie G-250 staining solution (Bio-Rad laboratories, USA) for 60 minutes in an orbital 149 

shaker. The gels were left overnight in ultrapure water with shaking and images were 150 

captured using a GS-800 densitometer (Bio-Rad laboratories, USA). All images were 151 

analyzed by Quantity One® software version 4.5.2 (Bio-Rad Laboratories, USA). 152 

2.5 Colour evaluation 153 

The colour of the extracted protein powder generated from H. elongata was measured using 154 

an UltraScan PRO Spectrophotometer (HunterLab, Germany) with illuminant D65, diffuse 8° 155 

observer angle and included automated specular component. White and black standards 156 

(HunterLab, Germany) were used during the calibration procedure previous all 157 

measurements. Readings are reported in the CIE L*, a*, and b* system, being L* (lightness), 158 

a* (redness/greenness), and b* (yellowness/blueness). The chroma (C*) and hue (h°) values 159 

were calculated using the following equations: 160 

 161 

 162 

To compare the colours of this study with other colours we used the ΔE*ab that represents 163 

the distance between any two colours in CIELAB space defined by its three orthogonal 164 

coordinates L*, a* and b*. ΔE*ab was calculated as follows 165 

 166 

C* =   a*2+b*2  

ho =  tan−1  
b∗

a∗
  ×  

180

π
 

ΔE∗ab =   L1
∗ − L2

∗  2 +  a1
∗ − a2

∗  2 +  b1
∗ − b2

∗ 2 



,  and  are the colour attributes of one colour sample and ,  and  the colour 167 

attributes of another colour sample to compare. A result of ΔE*ab less than 2 is generally 168 

considered to be perceptually equivalent. 169 

2.6 Determination of pH 170 

Freeze-dried H. elongata protein was resuspended in distilled water at 1% w/v and the pH 171 

measured using a pH meter Orion, model 420A (Thermo Orion, Cambridgeshire, UK). 172 

2.7 Water activity (aw) 173 

The water activity value of the extracted H. elongata protein (aw) was measured using an 174 

AquaLab Water Activity System (Pullman, Wash., USA). Freeze-dried samples of protein 175 

crude extract of H. elongata were measured at 22±0.08 °C. 176 

2.8 Water- (WHC) and Oil-holding capacity (OHC) 177 

Water-holding capacity (WHC) and Oil-holding capacity (OHC) were determined using the 178 

method of Bencini (1986) with slight modifications. H. elongata protein extract samples (1 g) 179 

were mixed with 10 mL of distilled water or sunflower oil in a vortex mixer (Henry 180 

Troemner, USA) and then centrifuged at 2200 x g for 30 minutes. The supernatants obtained 181 

were decanted and the centrifuge tubes containing sediment were weighed. WHC and OHC 182 

were expressed as grams of water or sunflower oil held by 1 g of protein by using the 183 

following formula. 184 

 185 

Where; W0 is the weight of the dry sample (g), W1 the weight of the tube plus the dry sample 186 

(g) and W2 weight of the tube plus the sediment (g). 187 

2.9 Solubility (S) 188 

The solubility (S) of the protein extract was determined by the method of Beuchat, Cherry, 189 

and Quinn (1975) with slight modifications. A dried protein extract powder dispersion was 190 

𝐿1
∗  𝑎1

∗  1 𝑏1
∗ 𝐿2

∗ ,  1 𝑎2
∗   1 𝑏2

∗ 

WHC  / OHC  g H2O or sunflower oil/g protein concentrate =
W2 − W1

W0
 × 100 



prepared in water at a concentration of 1% w/v and the pH was adjusted to pH 2-12 using 1 191 

M HCl or NaOH. This mixture was shaken at room temperature for 45 minutes in a Multi 192 

Reax Vibrating Shaker (Heidolph, Germany) and centrifuged at 4000 g for 30 minutes. The 193 

amount of soluble protein was determined using the QuantiPro BCA Assay Kit (Sigma, St. 194 

Louis, USA). The percentage solubility (S (%)) of the protein extract at different pH 195 

conditions was calculated as follows. 196 

 197 

2.10 Foaming capacity and stability 198 

The foaming capacity (FC) of the extracted protein was determined according to the method 199 

described previously by Poole, West, and Walters (1984) with minor modifications. Protein 200 

suspensions were prepared at room temperature at a concentration of 1.5% w/v and the pH 201 

was adjusted using 0.1M NaOH or 0.1 M HCl to pH 2, 4, 6, 8 and 10, respectively. Protein 202 

suspensions were homogenised using a T 25 digital ULTRA-TURRAX® homogeniser 203 

(IKA®, Germany) at 10000 rpm for 1 minute and the volume of foam generated was 204 

measured in a graduated cylinder. FC was calculated as the volume of foam generated as a 205 

percentage of the initial volume of the solution using the formula: 206 

 207 

Where; V0 is the initial volume of protein solution before homogenisation and VF is the 208 

volume of foam generated after homogenisation. 209 

Foaming stability (FS) was expressed as the percentage of decrease of foam volume over 210 

time after 15, 30, 60, 90 and 120 minutes. 211 

 212 

 213 

S  % =
Protein supernatant

Protein full dispersion
× 100 

FC  % =  
VF − V0

V0
 X 100 



2.11 Emulsifying activity and emulsion stability 214 

The emulsifying activity (EA) of the protein extracts was determined according to the 215 

methodology of Naczk, Diosady, and Rubin (1985) with slight modifications. The protein 216 

sample was diluted in Millipore ultrapure water (Millipore, Ireland) at a concentration of 1% 217 

w/v and the pH adjusted to between pH 2 to 10 using 0.1 M NaOH or 1 M HCl. The protein 218 

solution was homogenised for 30 seconds at 14000 rpm. To create an emulsion, commercial 219 

oils including sunflower, olive, rapeseed, peanut, and walnut oil were added to the aqueous 220 

phase containing the protein concentrate at oil: protein solution ratio of 3:2. The addition of 221 

oil was done in 2 steps. First half the volume of oil was added and the mixture was 222 

homogenized for 30 seconds at 14000 rpm and then the rest of the oil was added and the 223 

mixture homogenized for 90 seconds at the mentioned speed. The emulsion was placed in 224 

centrifuge tubes and centrifuged at 1100 x g for 5 minutes and the volume of the emulsion 225 

layer was measured. EA was calculated by the formula: 226 

 227 

Being VE the volume of the emulsion layer after centrifuging and VT the all volume inside the 228 

tube. 229 

To determine emulsion stability (ES), the previously prepared emulsions were heated at 85
o
C 230 

for 15 minutes, cooled at room temperature for 10 minutes and centrifuged again 1100 x g for 231 

5 minutes. The ES was expressed as the % of EA remaining after centrifuging as follows: 232 

 233 

2.12 Statistical analysis 234 

In this study all measurements were carried out in triplicate. All statistical analyses were 235 

performed using SPSS for Windows v. 17.0. Normality of the data was tested with 236 

Kolmogorov-Smirnov and data were log-transformed before analysis when needed. 237 

EA  % =
VE

VT
 X 100 

ES  % =  
Vemulsion  after  heating

Voriginal  emulsion
 X 100 



Differences in solubility and foaming capacity at different pHs were analyzed with one way 238 

ANOVA and post-hoc test HSD Tukey. Repeated measures general linear model was used to 239 

test differences in foaming stability with the effects of time, pH and pH*time included in the 240 

model and the differences analyzed using Games-Howell post-hoc test. The emulsion activity 241 

and stability were analyzed by multivariate general linear model, the effects of pH, oil and 242 

pH*oil interactions were contemplated in the model and post-hoc HSD Tukey tests were used 243 

to check the differences. In all cases, the criterion for statistical significance was p < 0.05. 244 

3. Results and Discussion 245 

3.1 Protein yield, total-free amino acid composition 246 

The protein content of the obtained H. elongata protein extract was calculated as 63.38 ± 0.49 247 

% using the LECO method described in section 2. The percentage yield obtained was 6.5 ± 248 

0.7 % protein from the total seaweed extract when measured on a dry weight basis. This 249 

result is in agreement with previous studies which reported the level of protein extracted from 250 

this species of seaweed to be between 5-11% on a dry weight basis (Cofrades et al., 2010). 251 

The protein yield extracted could be improved by the addition of other non-food grade 252 

chemicals, such as 2-mercaptoethanol (Joël Fleurence, Le Coeur, Mabeau, Maurice, & 253 

Landrein, 1995). However, resultant protein would not have food grade status and would not 254 

be suitable for use in food products due to the toxic nature of 2-mercaptoethanol. 255 

Conductivity values obtained following dialysis of protein were 2.7 ± 0.03 (mS/cm) at 15.8 ± 256 

0.09 °C and 11.9 ± 0.06 (μS/cm) at 15.8 ± 0.06 for dialysis water. A decrease in conductivity 257 

values was observed. This indicates that all salt was removed from the protein sample during 258 

the overnight dialysis. 259 

The total and free amino acid composition of H. elongata protein extract (g/kg DW) is 260 

presented in Table 1. The total amino acid content of H. elongata was determined as 54.02 ± 261 

0.46 g/kg DW (being the essential amino acids approximately 39.5% of the total amino acid 262 



composition), and the levels of the essential amino acids lysine (3.23 ± 0.05 g/kg DW) and 263 

methionine (1.96 ± 0.03 g/kg DW) were high as compared to other proteins from higher 264 

plants (Glew et al., 1997; Van Etten, Kwolek, Peters, & Barclay, 1967). In fact, cereals and 265 

legume crops are deficient in lysine and methionine respectively (Ufaz & Galili, 2008). Total 266 

amino acid content of H. elongata is in agreement with previous studies on H. elongata 267 

(22.4-61.4 g/kg DW) (Sánchez-Machado, López-Cervantes, López-Hernández, Paseiro-268 

Losada, & Simal-Lozano, 2003) and in other brown seaweeds species (58.9-107.2 g/kg DW) 269 

(Mæhre, Malde, Eilertsen, & Elvevoll, 2014). Tris-Tricine gel analysis on the extract of H. 270 

elongata showed 5 protein bands with molecular weights values of 71.6, 53.7, 43.3, 36.4 and 271 

27.1 kDa (Fig. 1). 272 

3.2 Colour evaluation 273 

The colour of the protein extracted from H. elongata was determined by measuring the 274 

lightness (L*), redness (a*), and yellowness (b*) values. L* represents the degree of 275 

lightness, being the value 100 white and the value 0 black. Redness is represented by +a* and 276 

-a∗ values reflect greenness. Yellowness is represented by +b*, while -b* indicates blueness 277 

(Aziah & Komathi, 2009). The value chroma (C*) represents the degree of departure from 278 

grey toward pure chromatic colour and the value hue (h°) represents the quality by which we 279 

distinguish one colour from another as red, yellow, green, blue or purple. 280 

The colour values of H. elongata protein concentrate were determined as L* 59.36±0.04, a* 281 

0.47±0.05, b* 16.26±0.11, C* 16.26±0.11 and h° 88.34±0.18. Colour is one of the most 282 

important appearance attributes of food since it influences consumer's acceptance (Jiménez-283 

Aguilar et al., 2011). To our knowledge there are no studies on the colour of seaweed protein 284 

extracts and the colour of H. elongata protein concentrate from this study was perceptually 285 

different to other vegetable and seaweed powders available in the literature, as well as to 286 

dairy protein powders commonly used by the food industry  (see Table 2). Determination of 287 



colour in food products could be useful due to the association between the colour and the 288 

taste and flavour perception in humans (Spence, Levitan, Shankar, & Zampini, 2010). In this 289 

sense it is demonstrated that the people’s judgments of flavour identity are often affected by 290 

the changing of a food or colour (Spence et al., 2010). 291 

3.3 pH and water activity (aw) 292 

The pH of H. elongata protein dispersions was determined as 3.99±0.02 and the aw of the 293 

freeze dried protein powder was 0.47±0.01 measured at temperature 22.07±0.08 °C. Both 294 

physicochemical characteristics are important for the storage of the product before further use 295 

of these proteins by industry and its later applications. Foods with higher aw show rapid 296 

deterioration due to biological and chemical changes since aw influences microbial growth, 297 

lipid oxidation, non-enzymatic and enzymatic activities in foods (Sablani, Kasapis, & 298 

Rahman, 2007). The aw of the protein powder of H. elongata is comparable to other dried 299 

food products such as sliced almonds (0.476 at 20 °C), wheat flour (0.523 at 25 °C) and 300 

starch (0.56 at 25 °C) (Schmidt & Fontana, 2008). 301 

3.4 Water- (WHC) and Oil-holding capacity (OHC) 302 

Interactions of water and oil with proteins are important for the food industry because of their 303 

effects on the flavour and texture of foods (Suresh Kumar et al., 2014). Intrinsic factors of the 304 

proteins such as the amino acid composition, protein conformation, surface polarity / 305 

hydrophobicity can affect their WHC and OHC (Yu, Ahmedna, & Goktepe, 2007).  306 

The WHC represents the ability of a protein to associate with water under water limiting 307 

conditions. The WHC of the protein concentrate from H. elongata was determined as 308 

10.27±0.09 g water / g protein concentrate. This value was higher than previous studies on 309 

seaweed extracts generated from species including Kappaphycus alvarezii, which had a WHC 310 



value of 2.22±0.04 g water / g protein (Suresh Kumar et al., 2014)
 
and 4.67±0.04 g water / g 311 

Kapparazii powder
TM 

(Ramli, Daik, Yarmo, & Ajdari, 2014). Few studies have been 312 

conducted on seaweeds, normally on full seaweed powder, and our results were similar to 313 

WHC values described for Hypnea japonica seaweed powder (11.8-14 g water / g), Hypnea 314 

charoides seaweed powder (10.9-12.4 g water / g) and Ulva lactula seaweed powder (8.68-315 

9.71 g water / g) (Wong & Cheung, 2000) and lower than the reported WHC of Undaria 316 

pinnatifida seaweed powder (19-44 g water / g) (Suzuki, Ohsugi, Yoshie, Shirai, & Hirano, 317 

1996). A high WHC value for a protein helps to maintain freshness and moist mouth feel of 318 

baked foods and is associated with reduced moisture loss in packed bakery goods (Chandi & 319 

Sogi, 2007). Protein ingredients with excessively high WHC may dehydrate other formula 320 

components (Zayas, 1997c). High values of WHC are desirable in viscous food products such 321 

as sausages, custards, dough and baked products because these values help to hold water 322 

without dissolution of protein, providing thickening and viscosity (Seena & Sridhar, 2005). 323 

The OHC is another important property of food ingredients used in formulated food. High 324 

OHC are desirable for flavour retention and improving the palatability of products (Tiwari, 325 

Tiwari, Mohan, & Alagusundaram, 2008). The OHC of H. elongata protein concentrate in 326 

this study was 8.1±0.07 g oil / g. This compared favourably to the OHC value obtained for 327 

Kappaphycus alvarezii protein (1.29±0.20 g oil / g) (Suresh Kumar et al., 2014) or 328 

Kapparazii powder
TM

 (5.11±0.36 g oil / g) (Ramli et al., 2014) and it was similar to other 329 

products such as rice bran protein concentrates (3.74-9.18 g oil / g) (Chandi & Sogi, 2007). 330 

The ability of protein to bind fat is very important in uses including meat replacers and 331 

extenders (Ogunwolu et al., 2009) and it is a requisite for the formulation of foods such as 332 

sausages, cake batters, mayonnaise and salad dressings (Chandi & Sogi, 2007). 333 



The WHC and OHC values obtained for H. elongata protein concentrate extracted in this 334 

study demonstrates that it could be a useful protein extract for multiple food applications such 335 

as in improving the texture and palatability of different food formulations. 336 

3.5 Solubility 337 

Protein solubility is one of the most important parameters of a food ingredient because it 338 

influences other functional properties such as foaming and emulsifying properties. High 339 

nitrogen solubility is required for protein concentrates to be used as functional ingredients in 340 

many foods including beverages, dressings, coffee whiteners, whipped toppings and 341 

confections (Chandi & Sogi, 2007). 342 

The pH had a significant influence effect on the solubility of H. elongata protein. Minimum 343 

solubility was observed at pHs 2 (25±1.1 %) and 4 (22.5±0.5 %), increasing with the pH  344 

(45.3±0.9 %, 65.1±0.8 %, 87.3±3 % at pH 6, 8 and 10 respectively) until reaching its highest 345 

values at pH 12 (96.15±0.15 %). Similar solubility values for proteins extracted from 346 

seaweeds and legumes have been reported in other studies (Chau, Cheung, & Wong, 1997; 347 

Suresh Kumar et al., 2014). The minimum solubility at pH 4 could be explained to the fact 348 

that the proteins have their isoelectric point at this pH and at more acidic or alkaline pHs the 349 

protein will acquire a net positive or negative charge respectively, which favours the 350 

repulsion of molecules and thereby increases the solubility of the protein (Seena & Sridhar, 351 

2005). 352 

3.6 Foaming capacity and stability 353 

Proteins in foams contribute to the uniform distribution of fine air cells in the structure of the 354 

foods, improving its smoothness, lightness and allowing the volatilization of flavours that 355 

enhances the palatability of the food products (Zayas, 1997b).  356 



The FC of H. elongata protein concentrate was influenced by the pH of the solution. The 357 

lowest FC was observed at pH 2 (6.98±0.16 %) and increased significantly until reaching its 358 

highest levels at pHs 6, 8 and 10 that did not show statistically significant differences 359 

(64.44±2.22, 55.56±6.92 and 71.52±4.81 %). The FC of H. elongata protein was higher than 360 

previous studies on seaweed protein extracts that showed maximum FC of approximately 361 

54% at pHs4 and 2 for Kappaphycus alvarezii (Suresh Kumar et al., 2014) and Enteromorpha 362 

sp. (Kandasamy et al., 2012) respectively. The lowest FC at pH 2 and 4 could be attributed to 363 

the protein behaviour at its isoelectric point (Ragab, Babiker, & Eltinay, 2004). The higher 364 

FC at pHs 6, 8 and 10 of the proteins of H. elongata could be due to increased net charges on 365 

the proteins that weakened the hydrophobic interactions, increasing in this way the flexibility 366 

of the protein. This fact allows proteins to diffuse more rapidly to the air-water interface and 367 

encapsulate air particles, enhancing foam formation (Aluko & Yada, 1995). 368 

The FS was significantly affected by time (F5=864.66, p<0.001), pH (F4=8649.94, p<0.001) 369 

and the interaction between both factors time*pH (F20=37.27, p<0.001). So differences in FS 370 

were analyzed at each time for the different pHs (Fig. 2). The protein concentrate of H. 371 

elongata showed low foaming stability at pHs 2 and 4, being statistically significantly 372 

different to the rest of the groups after the 30
th

 minute. At pH 10 the protein showed 373 

statistically significant better FS when compared to other pHs. After 30 minutes the FS 374 

decreased and showed no statistical differences to FS at pHs 6 and 8 at the 90
th

 minute.  This 375 

behaviour was similar to previous reports on cowpea (Ragab et al., 2004) and sesame seed 376 

(Khalid, Babiker, & Tinay, 2003) protein concentrates. 377 

 378 

 379 

 380 



3.7 Emulsifying activity and stability 381 

Emulsifying properties are one of the most important properties in the manufacturing of 382 

formulated foods (Zayas, 1997a) and good emulsifying properties are desired to make milk 383 

like beverages and meat analogs (Tiwari et al., 2008). 384 

The EA of the protein concentrate of H. elongata at 5 different pH (ranged 2-10) and 5 385 

different oils (sunflower, olive, rapeseed, peanut and walnut oils) is shown in Fig. 2. There 386 

were statistically significant differences in EA between the oils (F4=9.19, p<0.001), pH 387 

(F4=88.86, p<0.001) and the interaction oil*pH (F16=4.92, p<0.001), so the data was analyzed 388 

at every pH taking into account the type of oil used. In general the lowest EA was appreciated 389 

at pH 4 for all oils used (68.8-82.9%), with no statistically significant differences between 390 

them. Differences in EA between oils were demonstrated at pH 2. Protein suspended in 391 

peanut oil showed the highest EA (99.7 %) and rapeseed oil the lowest EA (80%) at pH 2. 392 

Protein suspended in walnut oil and olive oil showed the highest (95.7 %) and the lowest 393 

(81.3%) EA values at pH 6, respectively. At pH 8 and 10 there were no statistical significant 394 

differences between oils and the EA was high (90.7-100%). The high EA found in H. 395 

elongata protein concentrate are in good agreement with previous studies with Kappaphycus 396 

alvarezii protein that showed high EA in different oils (75.68- 99.67 %) (Suresh Kumar et al., 397 

2014). The V-shaped pattern of the EA profile for H. elongata protein concentrate (Fig. 2) 398 

might be due to variations in the hydrophilic-lipophilic balance of the proteins at different pH 399 

value within the range given (Sathe, Deshpande, & Salunkhe, 1982). These changes are 400 

similar to those described for different legume proteins (Chau et al., 1997). Previous studies 401 

suggested that the EA of some products depends on the nature and the concentration of the 402 

protein present in them (Dickinson, Galazka, & Anderson, 1991). 403 

The ES was also statistically affected by the oil (F4=13.85, p<0.001), pH (F4=4.93, p<0.05) 404 

and the interaction of oil*pH (F16=4.83, p<0.001), so the data was analyzed at pH values 2-10 405 



taking into account the type of oil used (Fig. 3). In general rapeseed and walnut oils showed 406 

the worst ES at all pH values analysed. ES was more effective in sunflower, olive and peanut 407 

oils at pH values 6 and 8. The ES could be affected by several factors such as pH, droplet 408 

size, net charge, interfacial tension, viscosity and protein conformation (Hung & Zayas, 409 

1991). In this case, the high ES after heating at 85°C for 15 minutes might be attributed to the 410 

dissociation of some proteins, resulting in the formation of subunits with more hydrophobic 411 

groups and thus stronger interactions with the lipid phase (Chau et al., 1997). 412 

The functional properties of H. elongata protein concentrate suggest that this novel protein 413 

could be suitable for its use in the formulation of a wide variety of food products. More 414 

studies are needed on the sensory attributes of the final food product after the incorporation of 415 

the novel protein source (Lin, Huff, & Hsieh, 2002). The presence of contaminants, anti-416 

nutritional factors and allergens in novel proteins should also be evaluated (Garcia-Vaquero 417 

& Hayes, 2016). 418 

4. Conclusions 419 

Presently, there is high demand from food manufacturers for protein alternatives to dairy and 420 

meat sources which ideally will be cheaper, with similar nutritional quality and also with 421 

excellent functional properties. Seaweeds have a long  history of use in food products, 422 

however, it is still an underutilised source of protein. The WHC and OHC of the protein 423 

extract generated from H. elongata in this study along with its foaming and emulsifying 424 

properties suggest that it could be suitable for its use in the formulation of a wide variety of 425 

food products such as sausages, breads, and cakes as well as soups and salad dressing. 426 

 427 

 428 
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Table 1. Total and free amino acid composition (g / kg DW) of Himanthalia elongata protein 449 

concentrate. 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

Essential amino acids 

Total amino 

acids (g/kg 

DW) 

Free amino 

acids (g/kg 

DW) 

Threonine 3.25±0.04 0.12±0.00 

Valine 4.28±0.18 

 Methionine 1.96±0.03 

 Isoleucine 2.28±0.07 

 Leucine 2.05±0.07 

 Phenylalanine 2.28±0.08 

 Lysine 3.23±0.05 

 Histidine 2.01±0.11 0.09±0.00 

Non-essential amino 

acids 

  Aspartic acid 5.94±0.04 

 Serine 2.77±0.07 

 Glutamic acid 7.52±0.05 0.32±0.01 

Proline 2.55±0.25 

 Glycine 2.98±0.03 

 Alanine 3.32±0.13 0.11±0.01 

Cysteine 3.14±0.16 0.13±0.03 

Tyrosine 1.41±0.06 

 Arginine 3.05±0.01   

Total amino acids 54.02±0.46 0.73±0.02 



Table 2. Comparison of the colour of the protein concentrate from Himanthalia elongata and vegetable powders, seaweed products and common 461 

dairy proteins used by the food industry. At ΔE*ab < 2, the two colours compared are perceptually equivalent. 462 

Sample Source L* a* b* ΔE*ab Reference 

Protein concentrate Himanthalia elongata 59.36 0.47 16.26  Present study 

       

Bakery powder Pumpkin 32.98±1.35 4.70±1.16 23.26±1.03 27.62 

Pongjanta, Naulbunrang, Kawngdang, Manon, 

and Thepjaikat (2006) 

Protein powder Soybean 97.16±0.06 0.03±0.01 2.68±0.10 40.17 Mwasaru, Muhammad, Bakar, and Man (1999) 

Protein powder Pigeon pea 82.27±0.34 −0.77±0.24 6.77±0.38 26.42 Mwasaru et al. (1999) 

Protein powder Cowpea 76.14±1 3.15±0.25 4.40±0.20 20.72 Mwasaru et al. (1999) 

Kapparazii powder 
TM

 Kappaphycus alvarezii 89.51±0.02 -1.27±0.03 5.49±0.02 32.06 Ramli, Daik, Yarmo, and Ajdari (2014) 

TA150 Eucheuma cottonii 82.69±0.23 2.10±0.01 17.16±0.15 23.4 Chan, Mirhosseini, Taip, Ling, and Tan (2013) 

Seakem CM611 Chondrus crispus 88.87±0.13 1.60±0.05 11.08±0.13 29.98 Chan et al. (2013) 

Gelcarin GP812 Chondrus crispus 83.84±0.68 2.13±0.02 13.13±0.27 24.74 Chan et al. (2013) 

Gelcarin GP911 NF Chondrus crispus 83.63±0.29 2.18±0.09 12.37±0.51 24.64 Chan et al. (2013) 

Grindsted ® CL220 Red seaweeds 87.51±0.42 0.27±0.01 11.91±0.57 28.48 Chan et al. (2013) 

Calcium caseinate Dairy product 91.78 -2.09 9.42 33.23 Krupa-Kozak, Bączek, and Rosell (2013) 

Sodium caseinate Dairy product 93.70 -2.46 6.77 35.75 Krupa-Kozak et al. (2013) 

Whey proteins isolate Dairy product 91.09 -2.32 10.86 32.31 Krupa-Kozak et al. (2013) 

Lightness (L*), redness (a*), yellowness (b*), Chroma (C*) and distance between two colours (ΔE*ab). 463 



Fig. 1. Tris-Tricine SDS-PAGE of the protein extract from Himanthalia elongata. (a) a 464 

molecular mass marker (250 - 2 kDa), (b) Himanthalia elongata protein extract. 465 

 466 
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 475 



Fig. 2. Foam capacity and stability (%) of Himanthalia elongata protein concentrates at 476 

different pHs.  Results are expressed as mean ± standard error of the mean (SEM). 477 
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Fig. 3. Emulsifying activity and stability (%) of Himanthalia elongata protein concentrates at 486 

different pHs and oils. 487 

 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 



References 496 

Aiking, H. (2014). Protein production: planet, profit, plus people? The American Journal of 497 

Clinical Nutrition, 100(Supplement 1), 483S-489S. 498 

Aluko, R., & Yada, R. (1995). Structure-function relationships of cowpea (Vigna 499 

unguiculata) globulin isolate: influence of pH and NaCl on physicochemical and 500 

functional properties. Food Chemistry, 53(3), 259-265.  501 

Aziah, A., & Komathi, C. (2009). Physicochemical and functional properties of peeled and 502 

unpeeled pumpkin flour. Journal of food science, 74(7), S328-S333.  503 

Bencini, M. (1986). Functional properties of drum‐dried chickpea (Cicer arietinum L.) flours. 504 

Journal of Food Science, 51(6), 1518-1521.  505 

Beuchat, L. R., Cherry, J. P., & Quinn, M. R. (1975). Physicochemical properties of peanut 506 

flour as affected by proteolysis. Journal of Agricultural and Food Chemistry, 23(4), 507 

616-620.  508 

Chan, S. W., Mirhosseini, H., Taip, F. S., Ling, T. C., & Tan, C. P. (2013). Comparative 509 

study on the physicochemical properties of κ-carrageenan extracted from 510 

Kappaphycus alvarezii (doty) doty ex Silva in Tawau, Sabah, Malaysia and 511 

commercial κ-carrageenans. Food Hydrocolloids, 30(2), 581-588.  512 

Chandi, G. K., & Sogi, D. (2007). Functional properties of rice bran protein concentrates. 513 

Journal of Food Engineering, 79(2), 592-597.  514 

Chau, C.-F., Cheung, P. C., & Wong, Y.-S. (1997). Functional properties of protein 515 

concentrates from three Chinese indigenous legume seeds. Journal of Agricultural 516 

and Food Chemistry, 45(7), 2500-2503.  517 

Cofrades, S., López-Lopez, I., Bravo, L., Ruiz-Capillas, C., Bastida, S., Larrea, M. T., & 518 

Jiménez-Colmenero, F. (2010). Nutritional and antioxidant properties of different 519 



brown and red Spanish edible seaweeds. Food Science and Technology International, 520 

16(5), 361-370.  521 

Cox, S., & Abu‐Ghannam, N. (2013). Enhancement of the phytochemical and fibre content of 522 

beef patties with Himanthalia elongata seaweed. International Journal of Food 523 

Science & Technology, 48(11), 2239-2249.  524 

Dickinson, E., Galazka, V. B., & Anderson, D. M. (1991). Emulsifying behaviour of gum 525 

arabic. Part 1: Effect of the nature of the oil phase on the emulsion droplet-size 526 

distribution. Carbohydrate polymers, 14(4), 373-383.  527 

Fleurence, J. (1999). Seaweed proteins: biochemical, nutritional aspects and potential uses. 528 

Trends in Food Science & Technology, 10(1), 25-28.  529 

Fleurence, J., Le Coeur, C., Mabeau, S., Maurice, M., & Landrein, A. (1995). Comparison of 530 

different extractive procedures for proteins from the edible seaweeds Ulva rigida and 531 

Ulva rotundata. Journal of Applied Phycology, 7(6), 577-582.  532 

Galland-Irmouli, A.-V., Fleurence, J., Lamghari, R., Luçon, M., Rouxel, C., Barbaroux, O., 533 

& Guéant, J.-L. (1999). Nutritional value of proteins from edible seaweed Palmaria 534 

palmata (Dulse). The Journal of nutritional biochemistry, 10(6), 353-359. 535 

Garcia-Vaquero, M., & Hayes, M. (2016). Red and green macroalgae for fish and animal feed 536 

and human functional food development. Food Reviews International, 32(1), 15-45. 537 

Glew, R. H., Vanderjagt, D. J., Lockett, C., Grivetti, L. E., Smith, G. C., Pastuszyn, A., & 538 

Millson, M. (1997). Amino acid, fatty acid, and mineral composition of 24 indigenous 539 

plants of Burkina Faso. Journal of Food Composition and Analysis, 10(3), 205-217. 540 

Hill, R. L. (1965). Hydrolysis of proteins. Advances in protein chemistry, 20, 37.  541 

Hung, S., & Zayas, J. (1991). Emulsifying capacity and emulsion stability of milk proteins 542 

and corn germ protein flour. Journal of food science, 56(5), 1216-1218.  543 



Jiménez-Aguilar, D., Ortega-Regules, A., Lozada-Ramírez, J., Pérez-Pérez, M., Vernon-544 

Carter, E., & Welti-Chanes, J. (2011). Color and chemical stability of spray-dried 545 

blueberry extract using mesquite gum as wall material. Journal of Food Composition 546 

and Analysis, 24(6), 889-894.  547 

Kandasamy, G., Karuppiah, S. K., & Rao, P. V. S. (2012). Salt-and pH-induced functional 548 

changes in protein concentrate of edible green seaweed Enteromorpha species. 549 

Fisheries science, 78(1), 169-176.  550 

Khalid, E., Babiker, E., & Tinay, A. E. (2003). Solubility and functional properties of sesame 551 

seed proteins as influenced by pH and/or salt concentration. Food Chemistry, 82(3), 552 

361-366.  553 

Krupa-Kozak, U., Bączek, N., & Rosell, C. M. (2013). Application of dairy proteins as 554 

technological and nutritional improvers of calcium-supplemented gluten-free bread. 555 

Nutrients, 5(11), 4503-4520. 556 

Lin, S., Huff, H., & Hsieh, F. (2002). Extrusion process parameters, sensory characteristics, 557 

and structural properties of a high moisture soy protein meat analog. Journal of Food 558 

Science, 67(3), 1066-1072. 559 

Mæhre, H. K., Malde, M. K., Eilertsen, K. E., & Elvevoll, E. O. (2014). Characterization of 560 

protein, lipid and mineral contents in common Norwegian seaweeds and evaluation of 561 

their potential as food and feed. Journal of the Science of Food and Agriculture, 562 

94(15), 3281-3290.  563 

Mwasaru, M. A., Muhammad, K., Bakar, J., & Man, Y. B. C. (1999). Effects of isolation 564 

technique and conditions on the extractability, physicochemical and functional 565 

properties of pigeonpea (Cajanus cajan) and cowpea (Vigna unguiculata) protein 566 

isolates. I. Physicochemical properties. Food chemistry, 67(4), 435-443.  567 



Naczk, M., Diosady, L., & Rubin, L. (1985). Functional Properties of Canola Meals Produced 568 

by a Two‐phase Solvent Extraction System. Journal of Food Science, 50(6), 1685-569 

1688.  570 

Ogunwolu, S. O., Henshaw, F. O., Mock, H.-P., Santros, A., & Awonorin, S. O. (2009). 571 

Functional properties of protein concentrates and isolates produced from cashew 572 

(Anacardium occidentale L.) nut. Food Chemistry, 115(3), 852-858. 573 

Pongjanta, J., Naulbunrang, A., Kawngdang, S., Manon, T., & Thepjaikat, T. (2006). 574 

Utilization of pumpkin powder in bakery products. Songklanakarin J. Sci. Technol, 575 

28(1), 71-79.  576 

Poole, S., West, S. I., & Walters, C. L. (1984). Protein–protein interactions: their importance 577 

in the foaming of heterogeneous protein systems. Journal of the Science of Food and 578 

Agriculture, 35(6), 701-711.  579 

Ragab, D. M., Babiker, E. E., & Eltinay, A. H. (2004). Fractionation, solubility and 580 

functional properties of cowpea (Vigna unguiculata) proteins as affected by pH and/or 581 

salt concentration. Food chemistry, 84(2), 207-212.  582 

Ramli, N., Daik, R., Yarmo, M., & Ajdari, Z. (2014). Nutritional study of Kapparazii 583 

powderTM as a food ingredient. Journal of applied phycology, 26(2), 1049-1055.  584 

Rhatigan, P. (2009). Prannie Rhatigan's Irish Seaweed Kitchen: The Comprehensive Guide to 585 

Healthy Everyday Cooking with Seaweeds: Booklink. 586 

Sablani, S., Kasapis, S., & Rahman, M. (2007). Evaluating water activity and glass transition 587 

concepts for food stability. Journal of Food Engineering, 78(1), 266-271.  588 

Sánchez-Machado, D., López-Cervantes, J., López-Hernández, J., Paseiro-Losada, P., & 589 

Simal-Lozano, J. (2003). High-performance liquid chromatographic analysis of amino 590 

acids in edible seaweeds after derivatization with phenyl isothiocyanate. 591 

Chromatographia, 58(3-4), 159-163.  592 



Sathe, S., Deshpande, S., & Salunkhe, D. (1982). Functional properties of lupin seed 593 

(Lupinus mutabilis) proteins and protein concentrates. Journal of Food Science, 47(2), 594 

491-497.  595 

Schmidt, S. J., & Fontana, A. J. (2008). Appendix E: Water Activity Values of Select Food 596 

Ingredients and Products Water Activity in Foods (pp. 407-420): Blackwell Publishing 597 

Ltd. 598 

Seena, S., & Sridhar, K. (2005). Physicochemical, functional and cooking properties of under 599 

explored legumes, Canavalia of the southwest coast of India. Food Research 600 

International, 38(7), 803-814.  601 

Spence, C., Levitan, C. A., Shankar, M. U., & Zampini, M. (2010). Does food color influence 602 

taste and flavor perception in humans? Chemosensory Perception, 3(1), 68-84. 603 

Suresh Kumar, K., Ganesan, K., Selvaraj, K., & Subba Rao, P. V. (2014). Studies on the 604 

functional properties of protein concentrate of Kappaphycus alvarezii (Doty) Doty – 605 

An edible seaweed. Food Chemistry, 153, 353-360. 606 

Suzuki, T., Ohsugi, Y., Yoshie, Y., Shirai, T., & Hirano, T. (1996). Dietary fiber content, 607 

water-holding capacity and binding capacity of seaweeds. Fisheries science, 62(3), 608 

454-461.  609 

Tiwari, B., Tiwari, U., Mohan, R. J., & Alagusundaram, K. (2008). Effect of various pre-610 

treatments on functional, physiochemical, and cooking properties of pigeon pea 611 

(Cajanus cajan L.). Food Science and Technology International, 14(6), 487-495.  612 

Ufaz, S., & Galili, G. (2008). Improving the content of essential amino acids in crop plants: 613 

goals and opportunities. Plant Physiology, 147(3), 954-961.  614 

Van Etten, C. H., Kwolek, W. F., Peters, J. E., & Barclay, A. S. (1967). Plant seeds as protein 615 

sources of food or feed. Evaluation based on amino acid composition of 379 species. 616 

Journal of Agricultural and Food Chemistry, 15(6), 1077-1089. 617 



Wong, K., & Cheung, P. C. (2000). Nutritional evaluation of some subtropical red and green 618 

seaweeds: Part I—proximate composition, amino acid profiles and some physico-619 

chemical properties. Food Chemistry, 71(4), 475-482.  620 

Yu, J., Ahmedna, M., & Goktepe, I. (2007). Peanut protein concentrate: Production and 621 

functional properties as affected by processing. Food Chemistry, 103(1), 121-129.  622 

Zayas, J. (1997a). Emulsifying Properties of Proteins Functionality of Proteins in Food (pp. 623 

134-227): Springer Berlin Heidelberg. 624 

Zayas, J. (1997b). Foaming Properties of Proteins Functionality of Proteins in Food (pp. 260-625 

309): Springer Berlin Heidelberg. 626 

Zayas, J. (1997c). Water Holding Capacity of Proteins Functionality of Proteins in Food (pp. 627 

76-133): Springer Berlin Heidelberg. 628 


