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Abstract

Chemical composition of eight Egyptian marine macroalgae, Ulva lactuca and
Enteromorpha linza (Chlorophyceae); Dictyota dichotoma, Sargassum vulgare and Cystoseira
spinosa (Phaeophyceae); Pterocladia capillacea, Corallina officinalis and Jania rubens
(Rhodophyceae), was determined. Water content in all algae analyzed was high (>80.1%)
especially in green algae. Ash content exhibits its highest values in the studied red algae. Total
protein values varied within the different studied species, showing the highest value (19.7%)
in the red alga Pterocladia capillacea. The two green algal species (U. lactuca and E. linza)
showed the highest soluble carbohydrates content (28.4 and 33.4 %, respectively). Crude
lipids values represented very low percentage of the chemical composition of the studied algal
species. The highest caloric values were recorded for U. lactuca and E.linza. Values of
different chemical constituents of the drift algae analyzed were comparable with those values
recorded for attached algal specimens. The results of this work support utilization of marine
macroalgae as untraditional natural source of protein and carbohydrates. Also, the richness in
nutritional composition in drift algae and the ease with which they collected, make it
preferable to use them rather than using the attached algae.

Introduction

For many years, marine algae have been used world-wide in agriculture, nutrition
and for pharmaceuticals due to their richness in minerals, vitamins and
polysaccharides (Arasaki and Arasaki, 1983). The Japanese eat 1.4 Kg per person per
year. This ancient tradition and everyday habit has made possible a large number of
epidemiological researches showing the health benefits linked to seaweed
consumption (Teas 1981; Higashi et al., 1999). Currently, human consumption of
green algae (5%), brown algae (66.5%) and red algae (33%) is high in Asia, mainly
Japan, China and Korea (Dawes, 1998). However demand for seaweed as food has
now also extended to North America, South America and Europe (McHugh, 2003). In
2003, it was estimated that approximately one million ton of wet seaweed could be
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harvested annually in thirty five countries as a source of food; as source of agar; as a
fertilizer; as fuel; and for use in cosmetics (McHugh, 2003).

Seaweeds are a valuable food source as they contain protein, lipids, vitamins and
minerals (Marinho-Soriano et al., 2006).Seaweeds are not only a useful food source
to humans, whole plants and seaweed mixes have been used in animal nutrition
(Indergaard and Minsaas, 1991; Ventura and Castanon, 1998) and fish fed (McHugh,
2003).

The nutritional properties of seaweeds are poorly known and normally are
evaluated from the chemical composition (Mabeau and Fleurence, 1993). There has
been little publication on the quantitative studies of the nutritional composition in the
Egyptian seaweeds (Abdel-Fattah and Edrees, 1973; Abdel-Fattah et al., 1978;
Hussein et al., 1981). The aim of this study is to assess the basic nutritional
composition of some common marine algae growing along the northern seashore of
Alexandria. This information will be essential in the search for additional healthy
food sources in efforts to assess the value of near shore natural resources in northern
Egyptian coasts.

Materials and Methods
Study site:

Abu-Qir Bay is a semi-enclosed basin located about 36 km east of Alexandria.
It lies between 30°05'- 30°22' E and 31°16'- 31°21" N. This western inshore area of
the bay is a shallow region (with average depth of 3.8 m), interrupted with several
rocky islets.

Sampling and biomass estimation:

Ulva lactuca, Enteromorpha linza (Chlorophyceae), Dictyota dichotoma,
Sargassum vulgare, Cystoseira spinosa (Phaeophyceae), Pterocladia capillacea,
Corallina officinalis and Jania rubens (Rhodophyceae) were randomly collected and
then brought to the laboratory in dark plastic bags. In addition, several samples of
drift algal species were cautiously collected and transported to laboratory in dark
plastic bags. The collected samples were identified, washed with distilled water to
remove epiphytes and impurities and weighed. The algal samples were dried at oven
(60 °C) till constant weight. The dried samples were weighted and ground into a fine
powder. All chemical analyses were conducted in triplicate on dried ground material.
All values were reported relative to the dry weight of the seaweed. Mean values and
standard error were calculated.
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Water content of fresh algae

Algal water content was calculated by subtracting the dried sample weight
from the wet weight for each sample.

Algal ash determination

Algal ash content was determined by heating 5 grams of each algal sample for
4 h at 550 °C, kept in desiccators and reweighed. The ash content was determined
using the following equation (Marsham et al., 2007):

Ash % = weight of ash / Fresh weight of algal sample x 100
Total protein analysis

The lowry method (Lowry et al., 1951) was used for protein determination.
The algal samples were digested in 1IN NaOH, and then allowed to react with an
alkaline copper citrate solution and Folin-Cioalteau phenol reagent. The protein
content was determined by measuring the absorption at 660 nm using bovine serum
albumin as standard.

Soluble carbohydrate content

Soluble carbohydrates were extracted from algal samples in 5% trichloroacetic
acid, and the concentrations were determined by using the phenolic sulfuric acid
colorimetric method outlined in Dubois et al. (1956). Percent of soluble carbohydrate
was calculated based on absorption at 490 nm using spectrophotometer, and
compared to glucose as standard.

Crude lipids analysis

Crude lipid was extracted from algal samples in a chloroform-methanol (2:1,
v/v) mixture, then purified and evaporated to dryness and weighted according to the
method described in Chan et al. (1997).

Calories:

Calories value was calculated by the following equation (Marcia de Padua et
al., 2004):

Calories (kcal.100g™) = 4 * protein (%) + 9 * lipid (%) + 4 * carbohydrate (%).
Results

Measurable differences in nutritional composition were apparent among the
studied species. Variation within species was slight. Water content of attached algal
samples ranged from 80.1 to 89.1 % for J. rubens and U. lactuca, respectively. Drift
algae C. officinalis and J. rubens have the highest water content (56 %) Figure (1).
Ash content of attached and drift algae were the most abundant constituents found in
studied algal samples. Also C. officinalis have the highest ash content 66.2%.
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Figure (1): Water content (%) and ash content (%) in attached ( 1) and drift ( I )
algae.

Although values for the ash content of red algae showed a narrower range
than other studied species, they showed the highest ash contents among the species
analyzed (Figure 1).

The lowest total protein content values were recorded for the red algae J.
rubens (7.1 %) and C. officinalis (8.2 %), while the highest values was recorded for
the red algae P. capillacea (19.7 %) (Figure 2).

Algal species
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Algal total protein (%)
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Figure (2): Total protein (%), soluble carbohydrate (%) and crude lipids (%) in attached
(=) and drift ( Il ) algae.
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Soluble carbohydrate content showed their highest values in the green algae U.
lactuca (28.4 %) and E. linza (33.4 %) (Figure 2), whereas the lowest values were
recorded for the brown alga D. dichotoma (7.7 %). Soluble carbohydrates value of
studied drift algae showed no noticeable difference from those recorded for attached
algal samples. The carbohydrates values ranged from 8.1 % for the drift brown alga
D. dichotoma to a 32.5 % for the drift green alga E. linza (Figure 2).The crude lipids
content of all studied species was low except that value recorded the attached brown
algae D. dichotoma (9.1 %) (Figure2). The crude lipids content in the studied drift
algae was comparable with the values of attached algae. The two green algae had a
markedly higher caloric values. U. lactuca attained caloric value of 204.5 Kcal.100g™
and E. linza attained caloric value of 215.6 Kcal.100g™ (Table 1). The Calcareous red
algae (J. rubens and C. officinalis) showed the lowest caloric content (108.9 and 119
%, respectively). The green algae either attached or drift showed a remarkable caloric
values compared with the other studied algae.

Table (1): Calories (kcal.100g™) content of attached and drift algae.

lories (Kcal.100g™
Algal species Calories (Kcal.100g™)
Attached | Drift
Chlorophyceae
Ulva lactuca 204.5 242.1
Enteromorpha linza 215.6 199.9
Phaeophyceae
Dictyota dichotoma 159.1 176.2
Sargassum vulgare 123.4 140.3
Cystoseira spinosa 141.7 165.3
Rhodophyceae
Pterocladia capillacea 168.1 161.3
Corallina officinalis 119 117.3
Jania rubens 108.9 120.2

Discussion

Fresh seaweeds collected from the sea consist of 70-90% water (Jensen, 1993).
This coincides with the results obtained in this study. The red species retained their
water content much higher than the brown and green species which lost about 73 and
66 %, respectively, of their water content because of drifting. This may be because of
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the calcareous nature of C. officinalis and J. rubens and the leathery texture of P.
capillacea which may prevent them from losing much of their water content after
drifting.

Ash content of attached and drift algae were the most abundant constituents
found in studied algal samples. This observation is in agreement with several
previous reports on seaweeds (Wong and Cheung, 2001; Zubia et al., 2003;
McDermid and Stuercke, 2003; Marsham et al., 2007). The lowest and highest ash
values obtained in this study were comparable with those values reported for brown
algae (Portugal et al., 1983; Robledo and Freile Pelegrin, 1997; Wong and Cheung,
2001a) and for species of green and red algae (Marsham et al., 2007; McDermid and
Stuercke, 2003; Marcia de Padua et al., 2004). Ash content of U. lactuca was
comparable to other ash values reported for other species of Ulva (McDermid and
Stuercke, 2003; Marcia de Padua et al., 2004; Marinho-Soriano et al., 2006).
Similarly, the ash content of E. linza was equal or lower than those values reported
for other species of the same genus (McDermid and Stuercke, 2003). The brown
seaweed S. vulgare showed ash content comparable with other Sargassum species
(McDermid and Stuercke, 2003; Marcia de Padua et al., 2004). Although the ash
values of studied rhodophycean species attained the highest values among the species
analyzed, still lower than those values obtained by McDermid and Stuercke (2003)
working on 14 rhodophycean algae.

The protein content of brown seaweeds is generally small, whereas higher protein
contents are recorded in green and red seaweeds (Burtin, 2003). The attached red alga
P. capillacea and the drift green alga U. lactuca showed the highest total protein
content among the algal species analyzed. The protein values of marine algae varied
greatly from species to another in different taxonomic group or even within species of
the same genus (McDermid and Stuercke, 2003; Marcia de Padua et al., 2004; Dere et
al., 2003). There was no noticeable difference in protein content between the attached
and drift algae in this study. However, the high proteins values in studied algae either
attached or drift are comparable with the protein values recorded in other seaweeds in
several pervious researches (Zubia et al., 2003; Marinho-Soriano et al., 2006). These
findings encourage the use of green alga U. lactuca, the brown alga C. spinosa and
the red alga P. capillacea for animal food, as a substitute for protein from other
sources. Algal meal seems to have beneficial effects in fish diets e.g., improving
disease resistance (Mustafa and Nakagawa, 1995). Such beneficial effects have been
also observed for cow, sheep and poultry with the addition of algal supplements
(Chapman and Chapman, 1980; Indergaard and Minsaas, 1991). Because of the high
protein content of drift algae, which nearly equal to the values of attached algae, we
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suggest using the drift algae as economical natural protein source instead of using
attached ones.

When comparing carbohydrate content of seaweeds, methods and semantics
become an issue (McDermid and Stuercke, 2003). Some researchers measured ‘total
carbohydrates,” others ‘soluble carbohydrates,” still others ‘sugars and starches, etc.’
In some studies, the carbohydrate content was calculated by subtracting the ash,
protein, lipid and moisture from 100%, and in others a colorimetric method was used
for analysis. Arasaki and Arasaki (1983) stated that carbohydrates comprise 50-60%
of the dry weight of seaweeds. This study measured soluble carbohydrates
colorimetrically, and found concentrations ranging from 7.7 to 33.4% in attached
algae, and from 8.1to 32.5% in drift algae, which coincide with the range obtained in
the work of Kennish and Williams (1997) who reported soluble carbohydrates
concentrations from 8.1 to 33.7% of the seaweeds dry weight. The green algae in this
study exhibited the highest soluble carbohydrates content, which is in argument with
the result obtained by Marinho-Soriano et al. (2006), who obtained the highest
soluble carbohydrates in brown and red seaweeds. However, the results of this study
in cope with the results obtained in Dere et al., (2003), where the highest soluble
carbohydrates was recorded in green algae especially in Ulva and Enteromorpha
linza.

Algae are not used as a conventional energy source because of their low fat in
lipids (Zubia et al., 2003). The crude lipids content in the studied algae ranged from
to 3.3 to 9.1 %, which is comparable with the range reported for other algal species
(Zubia et al., 2003; Marinho-Soriano et al., 2006; Marsham et al., 2007). There was
noticeable difference between crude lipids content of studied attached and drift algae.
The green algae U. lactuca and E. linza (attached and drift) showed the highest
caloric values among the studied algal species. Their caloric values were comparable
with values recorded for Ulva lactuca (261.1 kcal 100g™) and Ulva fasciata (231.8
kcal 100g™) in the work of Mércia de Padua et al. (2004).

Conclusion

From a nutritional standpoint, the main properties of seaweeds are their high
protein and soluble carbohydrates.

According to the results obtained in this study, different chemical constituents
of studied algae were not much affected by drifting.

The richness in nutritional components in drift algal species, beside the tedious
efforts required to collect or/and cultivate attached seaweeds, support the use

Egyptian J. of Phycol. Vol. 8, 2007 -138 -



Evaluation of Nutritional Composition of Some Attached and Drifted Marine Algae from Alexandria, Egypt.

of drifted algae rather than attached ones as an untraditional natural source of
protein and carbohydrate.

Although more research is needed to evaluate the nutritional value of marine
algae, seaweeds can be regarded as an under-exploited source of health benefit
molecules for food processing and neutraceutic industry.
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