
ABSTRACT 
Plant-based proteins as food functional ingredients are increasing in demand due to lower 
climate impact and consumer interests in vegetarian and vegan diets. Furthermore, marine 
macro- and microalgae are also considered as food protein sources for the same reasons. The 
macroalgae Ulva spp. (common name sea lettuce) is a highly nutritious and fast-growing 
seaweed species that is of interest to extract protein from as it grows in Danish fjords. Pea 
protein isolates are available commercially, but with varying functional properties as gelling 
agents in foods. The study aim was to assess the functional properties of Ulva protein compared 
to a commercial pea protein isolate (PPI). The gelling properties of Ulva spp. protein and PPI 
were analyzed at food relevant pH and with/without NaCl addition. Gelling properties of Ulva 
spp. protein were assessed, but showed poor gelling ability alone, while PPI forms heat induced 
soft gel depending on protein concentration. Combinations with 10% and 30% relative 
substitutions with Ulva spp. protein in PPI gels were analysed. Rheological small amplitude 
oscillation measurements revealed synergistic effects of the two protein sources combined with 
significantly increased gel strength when Ulva spp. protein inclusion was increased. Based on 
the results, Ulva spp. protein may have potential as functionality ingredient in combined plant-
based foods. 

 

INTRODUCTION 
Plant based products, such as pulses, nuts and seeds can offer a sustainable alternative to animal-
based proteins, as they have less impact on the environment if cultured sustainably1. Peas 
(Pisum sativum L.) are a protein source which has a protein content dependent on environmental 
factors and cultivar and varies between 18  30%.  Ulva lactuca, common name sea lettuce, is 
a species of the family Ulvacae belonging to the group of green macroalgae, which develops 
into sheet-like blades2. The protein content and nutritional profile of Ulva depends on 
environmental conditions and nutrient availability and may vary between 3.7  22% 3. Because 
it is an edible algae, Ulva spp. is suggested used in food products, but this is still object to active 
research throughout the world. 

Food gels are matrices which contain a continuous and well-defined network that has been 
assembled from particles or polymers (solid phase) and is embedded in a water-based solvent 
(liquid phase)4. Gels are of great importance as providers of texture to food products. 
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Proteins from Ulva spp. have not yet been assessed thoroughly, only one publication was 

found, where foaming properties and emulsifying properties were assessed6, while no studies 
on gelling properties are reported. 

The aim of the current study is to assess the gelling properties of pea protein isolate and 
Ulva spp. protein alone and in combination. 

 

MATERIALS AND METHODS 

Protein material  
Commercially available pea protein isolate (PPI) named Pisane® was provided by COSUCRA 
(Warcoing, Belgium). The protein content of the dried PPI powder was 81.7 g/100g. A protein 
fraction from wild harvested Ulva spp. was provided by the Department of Food Science, 
Aarhus University. The protein fraction contained the whole seaweed which was juiced and 
then subjected to acidic protein precipitation. The Ulva spp. protein was freeze dried and had a 
protein content of 26.5 g/100g (own data, not published). 
 
Gelation properties  
To assess the lowest gelation concentration (LGC) for PPI, protein solutions of 1, 4, 8, 12, 15, 
17, 20, and 23 % [w/v], respectively, were prepared with 100 mM bis tris pH 7 buffer. The LGC 
of Ulva spp. protein fraction was determined using 12, 15, 17, and 20 % [w/v] due to sample 
availability restrictions. All samples were incubated in 50 mL tubes in a water bath at 95°C for 
1 hour and then cooled on ice for 1 hour. The LGC was determined as the concentration, at 
which the sample had gelled and held its shape, when turned upside down5. 

To study the effect of Ulva spp. substitution on PPI gelling properties, two levels of relative 
protein substitutions (10% and 30%) with Ulva spp. in gel systems with a final total protein 
concentration of 20% [w/v] were prepared in 100 mM bis tris base pH 7 with and without the 
addition of 0.075 M NaCl to study the effect of salt addition on gelling behaviour. 
 
Dynamic rheology by small oscillatory measurements 
The gel strength and gel stability were measured within a rheometer (HR20, TA instruments, 
New Castle, DE, USA).To define the linear viscoelastic region (LVR) of samples, stress sweep 
and frequency sweeps were conducted. Stress sweep tests with samples were conducted using 
a plate-to-plate geometry (40 mm), where 3 mL of protein sample were exposed to a strain 
sweep from 0.1-110 % with a constant frequency of 0.2 Hz at 25 °C. Frequency sweep tests 
with each sample were also conducted, with exposure to a frequency sweep from 0.1-120 Hz 
with a constant strain of 1 % at 25°C. 

Small oscillatory shear measurements were conducted on 14, 18, and 20 % [w/v] pea 
protein samples, and on 20 % [w/v] PPI samples with and without the substitution (10% or 30%) 
with Ulva spp. protein. The heat induced gels were prepared while measuring the viscoelastic 

the 
rheometer using oscillatory mode at a frequency of 0.2 Hz and strain of 1.5%. The thermal 
program started with 5 min equilibration at 25°C, heating to 90°C (3°C/min), holding at 90°C 
for 10 min, cooling down to 25°C (3°C/min), and finally holding at 25°C for 8 minutes. It was 
decided to use a slightly lower temperature compared to the LGC experiment, i.e. 90 °C instead 
of 95°C, as the protein gelation was observed at 90°C and to minimize evaporation and limit 
any trapped air bubble expansion during gelation. Each sample was tested in duplicates. 









filler in the molecular structure and therefore increased material performance11. Although the 
study was conducted in a different system (namely sausages), it still shows similar effects then 
what we observed here. Since the Ulva spp. protein itself was unable to form a gel, this 
observation supports a filler mechanism in the PPI gels.  

Fig. 1 shows a more homogeneous macrostructure for the 10% Ulva spp. protein 
substitution when compared to the 20% PPI gels. This could also be an indicator for Ulva protein 
acting as a filler and therefore improving the gel properties.  

Finally, it is noted that the 10% and 30% Ulva spp. protein substituted gels have a dark 
grey colour, which could be problematic from the sensory perspective. It is not clear, whether 
the colour was caused by changes during processing, such as chinone oxidation or if the colour 
of the used biomass was responsible hereof.  

 

CONCLUSION 
The gelling properties of PPI and Ulva spp. protein were assessed. Least gelation experiments 
revealed a minimum of 17% PPI for gelling, but no gelling properties for pure Ulva spp. protein. 
Gelling properties of PPI in combination with Ulva spp. protein were assessed. Substitution of 
protein in PPI gels in low (10%) and moderate concentration (30%) revealed that Ulva spp. 
protein apparently served as inert filler and led to mixed effects depending on its concentration. 
A positive effect on gel strength was observed for 10% 
substitution, and even higher for 30% substitution. 
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