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Abstract Edible seaweed Ulva lactuca is a rich source of dietary fiber, 

protein, and minerals, but currently underutilized in Sri Lanka. In the 

present study, nutribars (composed of cereals and golden syrups) were 

developed incorporating dried U. lactuca powder (moisture content; 15.29 ± 

0.03%, dry basis) at 5 and 10% (w/w) ratios. Seaweeds were manually 

collected in July, 2017 from Matara, Sri Lanka, cleaned, and oven-dried at 

60 ̊C for 8 h. The proximate composition, crude ulvan content, swelling 

capacity, water holding capacity (WHC), and oil holding capacity (OHC) of 

powdered seaweed were evaluated. Further, crude protein content was 

estimated in 0 (control), 5 and 10% of seaweed incorporated nutribars. The 

crude protein content in dried U. lactuca was 20.16 ± 0.16%. The WHC of 

pulverized U. lactuca was 4.39 ± 0.07 g of water per g of seaweed powder, 

and OHC was 2.22 ± 0.27 g/g at room temperature (25 ̊C). Significantly 

highest (p<0.05) protein content (8.55 ± 0.38%) was found for 10% U. 

lactuca added nutribar while it was 7.54% (± 0.15) and 7.89% (± 0.03) 

respectively for 0% and 5% seaweed added nutribars. Moreover, the 

sensory evaluation results revealed that the nutribars incorporated with 5% 

U. lactuca (w/w) was shown almost similar sensory profile as the control 

except colour. However, 10% U. lactuca (w/w) added nutribars contained 

higher protein content than the control but rejected in overall acceptability.  

Collectively, these results suggested that the under-utilized green seaweed 

U. lactuca can be incorporated at 5% (w/w) in nutribars. 

Keywords: functional foods, nutraceuticals, nutribars, seaweeds, Ulva 

lactuca.  

1   Introduction 

Seaweeds are rich sources of bioactive functional food ingredients with 

different health beneficial biological activities (Plaza et al. 2008, Wijesekara 
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et al. 2011). Sri Lanka is an island with approximately 1700 km long sea-belt, 

and more than 500 species of seaweeds have been reported. Seaweeds can be 

categorized in to three major groups such as green (Chlorophyceae), brown 

(Phaeophyceae), and red (Rhodophyceae) seaweeds according to their 

pigment distribution. Amongst them, edible green seaweed; sea lettuce (Ulva 

sp.) has been consumed widely as a sea vegetable in China, Japan, Vietnam, 

and Korea. Furthermore, seaweeds have been consumed by these Asian 

people dating back to 100 centuries but they have never found their rightful 

place in the daily diets of Sri Lankans. Seaweed consumption is sporadically 

seen near the coastal areas but is still under-exploited. Seaweed-derived 

ingredients and products are indirectly used commercially. As a natural food, 

the goodness of seaweeds has to be introduced and utilized. 

Sri Lanka contains a diverse species of green seaweeds including Ulva 

lactuca (sea lettuce), U. faciata, U. intestinalis, Chaetomorpha antenina, and 

Caulerpa spp. (sea grapes) along the sea-belt of the country (Durairatnam 

1961). Unfortunately, relatively less data is available for commercial 

exploitation of seaweeds of Sri Lanka (Thadhani et al. 2019). Therefore, it is a 

national need to explore the commercial potential of this valued underutilized 

marine resource of Sri Lanka. The objectives of the present study were to 

explore the nutritional composition of underutilized green seaweed U. lactuca 

and develop consumer acceptable nutribars incorporating U. lactuca as an 

alternative protein source. 

2 Material and Methods  

2.1 Seaweed collection and processing 

The green seaweed (Ulva lactuca) was manually collected during early July, 

2017 from Thalaramba beach, Matara, Sri Lanka. The fresh seaweed was 

thoroughly washed with running tap water and dried at 60 ˚C in an electric 

oven (Leader, Taiwan) for 8 h. Dried seaweed was then grinded and 

pulverized by using a grinder (Panasonic MX -337N, Japan), sieved through 

355 micron sieve, and stored under the refrigerator condition (4 ̊C) until 

further use. 

2.2  Proximate analysis 

The moisture content of U. lactuca seaweed powder was determined 

according to the oven-dry method (AOAC 925.10, 2005). The protein content 

of seaweed powder and nutribars were analyzed by Kjeldhal method (AOAC 

978.04, 2005) and the N factor used in the calculation was 6.25 as generally 
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apply in food analysis. The lipid content of seaweed powder was determined 

according to a modified method (Sanchez-Machado et al. 2004). Briefly, 

lipids were extracted from 2 g of the seaweed powder with 14 ml of a mixture 

of solvents (chloroform: methanol; 2:1, v/v) by subjected to vortex for 2 min. 

The residue was re-extracted two times and filtered through Whatman No. 41 

filter paper. The filtrates were pooled and concentrated to dryness in a water 

bath followed by measuring the final weight as lipids. In addition, the total 

ash content of seaweed powder was obtained gravimetrically (AOAC 923.03, 

2005). 

 

2.3 Extraction and Fourier Transform – Infra Red (FT-IR) analysis of 

crude ulvan 
 

The polysaccharide fraction crude ulvan was extracted from U. lactuca 

according to a previously published procedure (Jiao et al. 2012) with some 

modifications. Briefly, 4 g of dried seaweed powder was treated with 

methanol at room temperature (28 ̊C) for 2 h with magnetic stirring to remove 

pigments and lipids. The air-dried seaweed residue was then extracted with 

100 ml of distilled water at 80 ˚C for 3 h. This step was repeated for another 

two times, followed by filtering through a muslin cloth, and the filtrates were 

pooled. The pooled filtrates were mixed with two volumes of absolute ethanol 

and allowed to precipitate the crude polysaccharide at room temperature for 

overnight. The precipitated crude ulvan was separated and dried in an oven 

(Leader, Taiwan) at 60 ˚C and subjected for FT-IR analysis. 

 

2.4 Swelling capacity (SWC), water holding capacity (WHC), and oil 

holding capacity (OHC) 

 

The SWC of seaweed sample was analyzed by the bed volume technique after 

equilibrating in excess water (Yaich et al. 2011). Briefly, 1.0 g of seaweed 

powder was kept in a 10 ml measuring cylinder and 10 ml of distilled water 

were added. Then, the mixture was vigorously stirred using a magnetic stirrer 

and allowed to settle for 20 h at room temperature (28 ˚C). The swelling 

capacity or swelling volume was measured and expressed as volume in ml of 

swollen sample per 1 g of sample. The WHC of the U. lactuca seaweed 

powder was calculated by the modified centrifugation method reported 

previously (Yaich et al. 2011). Briefly, the seaweed powder (3 g) was 

dispersed in 25 ml of distilled water and placed in pre-weighed centrifuge 

tubes. Then the centrifuge tubes were stirred for 5 min at the maximum speed 

and kept at the room temperature for 1 h followed by centrifugation (3000 g 

for 25 min). The supernatant was discarded and the water holding capacity of 

the seaweed was expressed as the g of water bound per 1 g of the residual 

sample in dry form. For the determination of OHC, 1 g of U. lactuca powder 
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was mixed with 12 ml of coconut oil in pre-weighed centrifuge tubes and 

followed the same procedure for WHC. 

2.5 Manufacture of nutribars 

Nutribars were made with Ulva lactuca seaweed powder (0% as control, 5% 

and 10%, w/w) according to a common formulation (Table 1). Briefly, 

cowpea, green gram, and soya beans were roasted at 150 ˚C and finely 

grounded and mixed with rice flakes, corn flour, peanuts, and popcorns. The 

initial mixture (cowpea : green gram : popcorn : corn flour : soy flour : rice 

flakes : peanut was 12:10:10:8:5:5:5, respectively) was mixed thoroughly with 

golden syrup and with or without U. lactuca powder yielded the initial 

nutribar base. Then, the sugar was mixed with water and heated under low 

flame till all the sugar crystals were dissolved. Afterwards, the glucose syrup 

was added to this sugar syrup, boiled up to 112 ˚C, and removed from the 

flame followed by the mixing of previously prepared initial nutribar base. 

After the thorough mixing, the mixture was poured into moulds (length × 

width × thickness was 8.5 × 1.5 × 1.0 cm) and allowed to set. Finally, the 

nutribars were removed from the moulds and packed in triple laminated 

pouches until further analysis. 

 

 
Table 1: Formulation of Ulva lactuca incorporated nutribars (for 100 g of nutribar). 

 

Ingredient (g) Control (0% Ulva) 

Nutribar 

5% Ulva added 

Nutribar 

10% Ulva 

added 

Nutribar 

Nutribar base 55 50 45 

Sugar 20 20 20 

Glucose syrup 10 10 10 

Butter 05 05 05 

Golden syrup 05 05 05 

U. lactuca 00 05 10 

Water 05 05 05 

 

2.6 Analysis of product characteristics of nutribars 

 

The final quality attributes such as hardness and adhesiveness of the 

developed nutribars were measured using a laboratory texture analyzer 

(Brookfield, USA). Moreover, the hardness and adhesiveness were compared 

with a commercially available nutribar sample. In addition, the color values 

such as L*, a*, and b* values of developed nutribars were determined by using 

a chromometer (Lovibond® LC1000, Germany). 
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2.7 Sensory evaluation 

The effect of sensory properties such as colour, intensities of aroma and taste, 

texture, and overall acceptability were evaluated among three types of 

nutribars by participants using a five-point scale (5 for “like extremely” down 

to 1 for “dislike extremely”) to score each attribute. Thirty untrained panelists 

participated from the Department of Food Science & Technology, University 

of Sri Jayewardenepura, Sri Lanka. The three samples were labeled as 874 

(Control, 0% U. lactuca added), 759 (5% U. lactuca added), and 936 (10% U. 

lactuca added). Nonparametric data obtained from this sensory evaluation 

were statistically analyzed by using Kruskal-Wallis test at 95% confidence 

level. The means separations were done by using Mann-Whitney test at 95% 

confidence level. 

2.8 Statistical analysis 

All experiments were carried out in triplicate and results were 

presented as mean ± standard deviation. The statistical analysis of data 

was carried out using one-way ANOVA to test the significant 

difference of each variable (p<0.05), and followed by performed using 

the Turkey test by the statistical software MINITAB 17 (Pennsylvania, 

USA). 

3   Results and Discussion 

3.1 Proximate composition of Ulva lactuca 
 

The results of proximate analysis of dried and powdered U. lactuca seaweed 

samples are presented in the Table 2. The dried and grinded seaweed powder 

(final moisture content %; 15.29 ± 0.03) contained considerable amount of 

protein (% in dry basis; 20.16 ± 0.16). Therefore, underutilized sea lettuce U. 

lactuca in Sri Lanka has a potential to be introduced as alternative plant-

derived protein source in the local food industry. The protein content of 

seaweeds varies and depends on the species, season and environmental 

growth conditions (Harnedy and FitzGerald 2011; Peinado et al. 2014). For 

example, the protein content of Palmaria palmata (Rhodophyta) is higher in 

the winter-spring period than the summer-early autumn period (Galland-

Irmouli et al. 1999). Generally, brown seaweeds have lesser protein content (7 

– 16%, dry weight) than red (21 – 47%, dw) and green seaweeds (10 – 26%, 

dw) (Dawczynski et al. 2007; Fleurence, 1999). However, seaweeds may 

contain non-protein nitrogen (N, such as free nitrates, pigments, nucleic 
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acids), resulting in an over estimation of their protein content (which 

estimated by general N-to-protein conversion factor of 6.25). Therefore, the 

changes in protein content of U. lactuca in Sri Lankan sea waters need to be 

investigated though Sri Lanka lacks four seasons like sub-tropical countries. 

The studied U. lactuca in the present study contained 1.37 ± 0.05% (dry basis) 

of crude lipids. Generally, seaweeds are low in lipids (1 – 5%, dry basis) 

according to the previously published reports (Tabarsa et al. 2012). Seaweeds 

are rich resources of essential minerals for human nutrition and health. The 

ash content (%) of U. lactuca was 17.17 ± 0.62 and this was in accordance 

with previously published data for this seaweed species. Moreover, it has been 

reported that U. lactuca surprisingly contains the highest content of iron than 

some of terrestrial crops such as lettuce, cabbage, carrot, broccoli, and spinach 

(Tabarsa et al. 2012). 

 
 

Table 2: Proximate composition of sea lettuce U. lactuca from Matara Coast, Sri 

Lanka. 

 

Parameter Composition 

(g/100 g of dry weight) 

Moisture content 15.29 ± 0.03 

Crude fiber 36.78 ± 1.75 

Crude protein      20.16 ± 0.16 

Crude lipid 01.37 ± 0.05 

Ash content 17.17 ± 0.62 

 

3.2 Crude ulvan content 

Ulvan is the major water-soluble sulfated polysaccharide (soluble dietary-

fibers) found in green seaweeds of the Order: Ulvales and the common 

members are Ulva spp. and Enteromorpha spp. (Jiao et al. 2011). The crude 

ulvan polysaccharide content (%) obtained in the present study was 17.21 ± 

1.70 and this value is notably higher than the cold water and hot water 

extracted ulvan in previous reports (Jiao et al. 2012; Thanh et al. 2016). The 

yield and the chemical structure of seaweed polysaccharides differ from 

species to species and even in the same species the polysaccharide shows 

some structural differences according to stage of the seaweed life-cycle, 

anatomy, and geographical location (Black et al. 1965). The ulvan from U. 

lactuca was mainly composed of rhamnose with variable contents of xylose 

and glucose and trace amounts of galactose and mannose (Thanh et al. 2016).  
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Fig. 1. FT-IR spectrum of the extracted crude ulvan from Ulva lactuca 

Current findings demonstrated that ulvan is health beneficial polysaccharide 

with different biological activities such as anticancer, antioxidant, anti-

hyperlimidemic, and anticoagulant functions makes it suitable for a wide 

range of applications in the food industry (Kim et al. 2011, Wijesekara et al. 

2011). Based on FT-IR analysis (Figure 1), the crude ulvan samples revealed 

polysaccharides features at about 3339.55 cm-1 (νO-H of -OH group), around 

2950 cm-1 (νC-H of pyranose), 1601 cm-1 (νC=O of -COO) and 1030 cm-1 (νC-OH 

of glycoside). The strong absorption band at about 1214 cm-1 (νO=S=O of 

sulfate) and sharp band at 845.23 cm-1 (νC-O-S) suggested the presence of 

sulfate groups and substitution positions. In the current study, due to lack of 

purified ulvan as the standard sample, a comparison analysis was not carried 

out. However, the spectrum is similar to spectrums obtained for ulvan in 

previously published reports (Jiao et al. 2012, Tian et al. 2015, Trivedi et al. 

2016). 

3.3 SWC, WHC, and OHC of seaweed powder 

To study the hydration properties of U. lactuca dried seaweed powder, 

swelling capacity (SWC) and water holding capacity (WHC) were determined 

at room temperature (28 ˚C). In the present study, the WHC was 4.39 ± 0.07 g 

of water/g of dry seaweed powder and this value is lower than previously 

reported (6.66 g of water/g of dry seaweed) for the same seaweed species in 

another study (Yaich et al. 2011). It has been reported that the WHC of U. 

lactuca powder slightly increases with temperature probably related to the 

increment of solubility of fibers and proteins (Fleury and Lahaye 1991). The 

SWC of the U. lactuca powder analyzed in the present study was 1.00 ± 0.10 

ml/g of dry seaweed powder and this was higher than previously reported 
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(Yaich et al. 2011). Water exists in fibers in three forms; it is bound to the 

hydrophilic polysaccharides, it is held within the fiber matrix or it is trapped 

within the cell wall lumen. WHC, determined by the centrifugation method in 

this study represented all three types of water associated with fibers. Apart 

from different WHC of fibers, the differences in WHC and SWC among the 

seaweed samples might be attributed to the different protein conformations 

and the variations in the number and nature of the water binding sites on 

protein molecules. These properties can influence the successful incorporation 

of fiber-enriched ingredients into foods. The OHC of U. lactuca powder at 

room temperature was 2.22 ± 0.27 g of oil/g of seaweed powder and this was 

notably higher than previously reported (1.68 g of oil/g of seaweed). 

However, coconut oil was used in this study to determine OHC since coconut 

oil is widely applied in cooking purposes of Sri Lanka. Moreover, the OHC of 

U. lactuca is higher than some terrestrial sources such as orange (0.86-1.28 

g/g dry weight) and peach (1.02-1.11 g/g dry weight) dietary fiber 

concentrates. The importance of this OHC property is related to the 

stabilization of foods with high fat content and emulsions, and to the physical 

entrapment of oil which acts as flavor retainer and increases the mouth-feel of 

foods. Therefore, U. lactuca powder could be a potential functional ingredient 

to be incorporated in lipid-based foods; for example chocolates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2. Sea lettuce Ulva lactuca thalus and incorporated nutribars 
 

 



 C. Udayangani et al.  Ulva lactuca incorporated nutribars 

Ruhuna Journal of Science 

Vol 10 (2): 96-107, December 2019 
104 

3.4 Properties of seaweed U. lactuca incorporated nutribars 
 

In the present study, nutribars were developed by incorporating U. lactuca 

seaweed powder at two different ratios (5 and 10%, w/w) and compared with 

the control (0% of seaweed powder) (Figure 2). According to Kjeldhal 

analysis, the crude protein contents of control, 5% U. lactuca added, and 10% 

U. lactuca added nutribars were 7.54 ± 0.15, 7.89 ± 0.03, and 8.55 ± 0.38, 

respectively. The results have confirmed that the protein content of 10% U. 

lactuca  added sample showed significantly the highest protein content (p ≤ 

0.05) of three types of nutribars. 

Hardness is the amount of force required to bite through the sample with 

incisors and adhesiveness is the work necessary to overcome the attractive 

forces between the surface of the food and the surface of other materials with 

which the food comes into contact (e.g. tongue, teeth, and palate). According 

to instrumental texture analysis (Table 3) significant differences in hardness 

and adhesiveness of nutribar samples were obtained. There was no significant 

difference of hardness in between control and 5% U. lactuca added nutribar 

samples. However, hardness of 10% U. lactuca added nutribar samples and 

commercially available nutribars were significantly different from each other. 

When adding more pulverized seaweed powder, hardness of the nutribar was 

increased. Hardness of commercially available nutribar was greater than 

control and 5% U. lactuca added sample. Decreasing order of adhesiveness of 

nutribars was 10% U. lactuca added > control > 5% U. lactuca added > 

commercially available sample. Therefore, force required to remove 10% U. 

lactuca added nutribar from mouth is the highest.  Moreover, commercially 

available nutribar was the lowest. Therefore, required force to remove from 

mouth is very low. Reason for this is commercially available nutribar was 

crispy in texture. 

 

 
Table 3: Texture profile analysis results of control, U. lactuca added, and commercial 

nutribars. 

 
Parameter Control 5% U. lactuca 10% U. lactuca Commercial 

Hardness (g) 1035.0 ± 62.2c 1356.0 ± 281c 2146.3 ± 116.9a   1741.3 ± 78.9b 

Adhesiveness (mJ)     5.09 ± 1.28b 2.82 ± 3.17b,c     9.08 ± 0.51a       1.11 ± 0.89c 

Values for texture profile analysis are means ± SD; n=3, and means in the same row followed by different 
letters are significantly different (p < 0.05). 

The colour analysis results of nutribars were presented in Table 4. Lightness 

of 5% U. lactuca added nutribars had significantly the highest lightness 

compared to other two bars. Lightness of 10% U. lactuca added sample had 
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the significantly lowest lightness. Powdered seaweed U. lactuca contains very 

low lightness value and dark colour appears when drying the raw seaweed 

samples due to the degradation of chlorophyll pigments (Ali et al. 2014). 

Table 4: Mean chroma meter colour values for control, 5%, and 10% U. lactuca 

added nutribars. 

Type of nutribar L* a* b* 

Control 45.30 ± 1.32a 11.33 ± 0.67a 19.23 ± 0.91a 

5% Ulva added 57.43 ± 1.08b 4.87 ± 1.25b 20.80 ± 0.89a 

10% Ulva  added 41.37 ± 1.30c 2.70 ± 0.10c 15.53 ± 0.59b 

Values for colour analysis are means ± SD; n=3, and means in the same column followed by 
different letters are significantly different (p < 0.05). 

The negative a* values indicate the closeness to green and positive values 

indicate the closeness to red. The results showed nutribars are significantly 

different in a* value and the control was closeness to red colour followed by 

5% and 10% U. lactuca added nutribars. Negative b* values indicate closeness 

to blue colour and positive values indicate the closeness to yellowness. 

According to results, all three types of nutribars were shown to be as close to 

yellow than blue. The yellowness of control nutribars and 5% U. lactuca 

added samples were not significantly different and significantly the lowest b* 

value was shown by 10% U. lactuca added nutribars. 

 
Fig. 3. Web diagram of the average rank of three nutribars from sensory 

analysis 
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The effect of sensory properties such as colour, intensity of U. lactuca aroma, 

intensity of U. lactuca taste, texture and overall acceptability was evaluated 

among three different nutribars (Figure 3). Appearance of each and every 

sample is significantly different (p ≤ 0.05) from each other. There was no 

significant different (p ≤ 0.05) between aroma of 874 sample and 759 sample. 

However, there was a significant difference in between 874 and 936 samples 

as well as in between 759 and 936 samples were obtained. As observed in the 

present study, except for the appearance, all other sensory attributes were 

similar for 874 (control) and 759 (5% U. lactuca added) nutribars. The green 

colour and the aroma from the seaweed were the reason for the less consumer 

acceptance for 10% U. lactuca added nutribars. 

4   Conclusions  

The results obtained in the present study clearly demonstrated that the edible 

green seaweed U. lactuca (sea lettuce) from Matara, Sri Lanka is rich in 

soluble dietary fiber, proteins, and minerals. This seaweed has a potential to 

be introduced to the food industry to develop novel functional food products 

since it has acceptable functional properties such as swelling capacity, water 

holding, and oil holding capacities. Moreover, seaweed-incorporated food 

products have a leading consumer trend in the Western countries. Hence, 

promoting these seaweed-added foods will be a new resource to generate an 

additional income to the coastal community as well as foreign income to the 

country. Collectively, it can be concluded that the incorporation of 

underutilized U. lactuca in nutribars is possible and acceptable at 5% (w/w) 

ratio. However, addition of aroma masks can be recommended when 

incorporating this seaweed in higher ratios to develop new food products.           
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