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Abstract 
Nowadays, organic fertilizers play an important role in agriculture. They are progressively 
substituting chemical fertilizers to prevent their harmful impact on human health and the 
environment. They provide high yield, better quality products and a shorter period of 
harvesting crops. In this study, the mineral elements: primary macronutrient (N, PO

3-
 and K

+
), 

secondary macronutrient: (Ca
2+

, Mg
2+

 and SO
2-

), micronutrient (Na
+ 

and Cl
-
), alkalinity 

(HCO3
-
) and other elements (NO2

- 
and NO

-
), of three seaweeds were determined: 

chlorophytae (Ulva lactuca, Ulva linza) and phaeophytae (Padina pavonica). The nitrogen 
content was the most abundant element in the three Mediterranean seaweeds [79.85 - 57.16 - 
126.09 [×10³ mg L

-1
], respectively, with a maximum to the chlorophytae U. lactuca. This is 

true also for other macroelements (K and P); their values are higher in green seaweed than the 
brown Padina pavonica. Secondary elements (Ca and Mg) also show higher values in green 
algae, with a maximum value in Ulva lactuca. There is no significant difference concerning 
the values of microelements Na

+
 and Cl

-
 between green and brown algae. The values of nitrite 

and nitrate are equivalent for the two green algae, while these items are virtually nonexistent 
in the brown algae. In conclusion, interesting values of the green alga Ulva lactuca could 
suggest the use of aqueous extract of this alga such as biofertilizant.  
 
Keywords: Biofertilizer, biostimulant, minerals composition. 

 

 

Introduction 
Since the use of chemical fertilizers is 

widespread, scientists study their impacts on 

human health. They were able to establish 

links between chemical fertilizers and 

diseases, cancers of the stomach, pancreas, 

kidney, as well as leukemia, and multiple 

myeloma (Schmidt et al., 2003). Unlike 

chemical fertilizers, extracts derived from 
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seaweeds are biodegradable, non-toxic, non-

polluting and non-hazardous to humans, 

animals and birds (Dhargalkar and Pereira 

2005). Any improvement in agricultural 

system that results in higher production 

should reduce the negative environmental 

impact of agriculture and enhance the 

sustainability of the system. One such 

approach is the use of biostimulants, which 

can enhance the effectiveness of 

) 
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conventional mineral fertilizers (Abdalla and 

El-Khoshiban, 2012). Several regions of the 

world have to be explored and exploited for 

the richness of marine plants and macro-

algae that they contain (El Abed et al., 2002). 

Marine bioactive substances extracted from 

marine algae are used in agricultural and 

horticultural crops, and many beneficial 

effects, in terms of the enhancement of yield 

and quality, have been reported (Erulan et 

al., 2009). The application of seaweed liquid 

extract as foliar spray has recently gained 

importance in agriculture. This extract 

contains growth hormones (IAA and IBA), 

cytokinins, trace elements (Fe, Cu, Zn, Co, 

Mo, Mn, and Ni), vitamins and amino acids. 

When seaweed extracts are applied to seeds 

or added to the soil, they promote plant 

growth (Kumar and Sahoo, 2011). Liquid 

extracts obtained from seaweeds have 

recently gained importance as foliar sprays 

for many crops including various grasses, 

cereals, flowers and vegetable species for a 

comprehensive list (Ismail and Kardoush, 

2011). Seaweed extracts contain major and 

minor nutrients, amino acids, vitamins, 

cytokinins, auxin and abscisic acid like 

growth promoting substances and have been 

reported to stimulate the growth and yield of 

plants (Khan et al., 2009), develop tolerance 

to environment stress (Zhang et al., 2003) 

and increase nutrient uptake from soil (Turan 

and Köse, 2004; Rathore et al., 2009). The 

beneficial effect of seaweed extract 

application is the result of many components 

that may work synergistically at different 

concentrations, although the mode of action 

still remains unknown (Fornes et al., 2002). 

In recent years, the use of seaweed extracts 

have gained in popularity due to their 

potential use in organic and sustainable 

agriculture (Khan et al., 2009; Kumar and 

Sahoo, 2011), especially in rained crops, as a 

means to avoid excessive fertilizer 

applications and to improve mineral 

absorption.  

Numerous studies have demonstrated a 

broad spectrum of beneficial effects of 

extract of algae applications on plants, such 

as seed germination, improved crop yields 

and performance, a high resistance to biotic 

and better preservation post-harvesting of 

perishable goods (Norrie and Keathley, 

2006). Currently, experiments conducted 

on biostimulant have mixed results with 

respect to growth, development and quality 

of plants. 

The Goëmar Laboratories have 

forwarded the benefits observed following 

the application of their cream algae on the 

growth of corn and spinach in experiments 

in the laboratory of INRA Versailles. They 

emit other products that increase the 

production of fresh weight, manifesting in 

stems and roots, and stomata resistance 

increases, decreasing the percentage of 

perspiration (Ginestet, 1994). 

15 million metric tons of seaweed 

products are produced each year, a 

considerable part is used for nutritional 

supplements and bio-stimulants or as 

organic fertilizers to increase plant growth 

and yield (FAO, 2006). 

Macronutrients and micronutrients play 

a vital role in all plants. Although they are 

present in infinitesimal doses, they're 

essential for normal metabolism. The 

chemical composition of mineral elements 

of Enteromorpha linza or Ulva linza 

determined by (Jiang et al., 2013): Na
+
, k

+
, 

Ca
2+

, Mg
2+

, Cl
-
 and NO3

-
 demonstrated that 

these green seaweeds could be considered 

for future applications in medicine, dietary 

supplements, cosmetics or food industries.  

In Lebanon, seaweeds are poorly 

exploited. To replace chemical fertilizers and 

their harmful impact on health and the 

environment, this study aims to use aqueous 

extracts of marine algae as biofertilizer. 

Three seaweed aqueous extracts of the 

Mediterranean species from Lebanon, 

Padina pavonica (Phaeophytae), Ulva 

lactuca and Ulva linza (Chlorophytae) were 

studied for their mineral composition. These 

algae are present in abundance on the coastal 

area of the Mediterranean, El Mina (34 ° 

26'N 35 ° 50'E), in Tripoli - Lebanon.  



 Mineral Content of Mediterranean Seaweeds … 135 

Materials and Methods 

Seaweed materials and treatments  
The seaweeds were collected in March 

2014, raw and fresh from the coastal area 

of the Mediterranean, El Mina (34 ° 26'N 

35 ° 50'E), in Tripoli – Lebanon. Fresh 

plants were thoroughly removed of their 

epiphytes, rinsed on the spot with seawater, 

and then placed in plastic bags. On their 

arrival at the laboratory, the seaweeds were 

thoroughly washed using tap water and 

ultrapure water to remove sea salts on the 

surface of samples.  

Preparation of seaweed liquid extracts 
(SLE) for Physico-chemical analyses 
To study and compare the composition of 

minerals and nutrients contained in three 

algae Padina pavonica (Pheophytae), Ulva 

lactuca and Ulva linza (Chlorophytae) liquid 

extract, a dosage of the primary nutrients (N, 

P, K ), secondary nutrients (Ca, Mg, S), trace 

elements (Cl, Na), alkalinity (HCO3
-
), nitrite 

and nitrate, were analyzed with the method 

described by Normalization French 

Association (AFNOR). The pH of the SLE 

was directly measured using a pH meter 

ORION type. (P. pavonica: 7.05, U. linza: 

5.85, U. lactuca: 5.51 

Preparation of aqueous liquid extracts 
(ELA) 
200 g of each fresh alga were ground and 

then boiled with 200 ml of ultrapure water 

and then stirred for one hour on a hot plate. 

Then the extracts were filtered twice through 

a muslin cloth and then allowed to cool to 

room temperature (Kumar and Sahoo, 2011). 

1 liter of liquid extracts concentration (1%) 

was prepared by diluting the extract with 

ultrapure water for analysis. Each assay was 

performed three times.  

Volumetric assays  
The calcium, magnesium, chlorine and 

alkalinity were performed according to 

French standard NF of the French 

Association for Standardization (AFNOR). 

The determination of total concentration of 

calcium and magnesium (hardness or total) 

in the aqueous extract was performed by 

the titrimetric method to EDTA. The 

chlorine concentration is determined by 

measuring with a solution of silver nitrate 

AgNO3
-
 (4.791 g L

-1
). The alkalinity of the 

ELA was determined by measuring the 

“Full Title alkalimetric" or TAC.  

Spectrophotometric assays 
The nitrate, nitrite, phosphate, sulfate, 

sodium and potassium were performed 

according to French standard NF of the 

French Association for Standardization 

(AFNOR). The concentration of the reagent 

of ascorbic acid and of a reagent (reagent 

molybdic) giving a colored derivative with 

phosphate (blue phosphomolybdic complex) 

were determined. Principle of determination 

of sulphate: precipitating sulphate ions in the 

presence of barium chloride in hydrochloric 

acid medium in the form of barium sulphate. 

The dosage potassium and sodium ions Na
+
 

and K
+
 was performed by measurement of 

the test solution using a flame 

spectrophotometer Type PFP JENWAY 7 to 

a wavelength of 589 nm and 766nm, 

respectively. The principle of nitrite assay is 

to use a calibration curve to be able to 

deduce the concentration from the 

absorbance at a wavelength of 543 nm. For 

the determination of nitrate, the method of 

sodium salicylate was used and it was 

measured at the wave length of 415 nm. 

Determination of total nitrogen 
Kjeldahl nitrogen (NK) was analyzed using 

a method based on Kjeldahl mineralization 

(AFNOR T 90–110) (Martin 1987) that 

includes Org–N and NH4
-
N, in which 25 

mL of sample was decomposed and 

oxidized by an excess of concentrated 

sulfuric acid (10 mL) in the presence of a 

catalyst mixture digestion (CuSO4 + 

K₂SO4) (5g) and heated to a temperature of 

350°C for three hours. At the end of this 

mineralization step, nitrogen was obtained 

in the same mineral form (NH4
+
). This 

Kjeldahl digestion solution was then 
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passed through a programmable type 

distiller Vapodest Gerhardt 30s allowing 

the distillation of the mineral deposit by 

steam stripping. 

Results and Discussion 
In this study, different mineral elements: 

nitrogen (N), phosphate (PO3
-
), potassium 

(K
+
), calcium (Ca

2+
), magnesium (Mg

2+
), 

sulfate (SO
2-

), sodium (Na
+
), chlorine (Cl

-
), 

carbonate (HCO3
-
), nitrite (NO2

-
) and 

nitrate (NO
-
), were determined in 

chlorophytae and phaeophytae. The 

average mineral compositions of the liquid 

extract of Padina pavonica, Ulva linza and 

Ulva lactuca seaweed samples are shown 

in Table 1.  

Table 1. Concentration of macronutrients (primary and secondary nutrients), micronutrients, alkalinity 

and other minerals of the aqueous liquid extract of the chlorophytae Ulva lactuca  and Ulva linza and of 

the pheophycae, Padina pavonica 

Concentration (mg L
-1

) Padina pavonica Ulva linza Ulva lactuca 

Macronutrients 

Primary 

macronutrients 
 

Azotes (N) x10³ 79.85 57.16 126.09 

 Phosphates (PO
3
)×10

2
 0.69 1.2 3 

 Potassium (K
+
)×10² 

2.78 

 

12.65 

 
16.34 

Secondary macronutrients Calcium (Ca
2+

)×10² 4.8 6.8 13.6 

 
Magnesium 

(Mg
2+

)×10² 
1.94 23.8 36.9 

 Sulphate  (SO
2-
)×10³ 1.52 0.108 0.262 

Micronutrients Chloride (Cl
-
)×10³ 7.207 4.45 8.35 

 Sodium (Na
+
)×10² 12.62 10.4 13.02 

alkalinity Carbonate (HCO
-
) ×10² 1.95 7.8 

10 

 

Other minerals Nitrite (NO
-
)×10 0.41 3.84 5.66 

 Nitrate (NO
-
)×10² 0 7.58 7.24 

 

The Nitrogen (N) content was the most 

abundant element in the three species of 

seaweed extract 79.85 - 57.16 - 126.09 

[x10³ mg L
-1

], respectively, with a 

maximum in the chlorophyta U. lactuca 

(Table1). The fact that Ulva lactuca 

presents a higher affinity for nitrogen 

might be related to the less energy which is 

required to assimilate this nutrient (Abreu 

et al., 2011). Several field studies on 

bloom-forming species found their 

effective nitrogen uptake and tissue 

accumulation capability of green algae in 

ambient water with higher nutrient 

availability (Pérez-Mayorga et al., 2011; 

Runcie et al., 2003). 

Chapman and Craigie (1977) found that 

nitrate (NO₃⁻) represented a nitrogen 

reserve, and discovered that the green algae 

present a higher affinity for nitrogen (Abreu 

et al., 2011) which can be elucidated as a 

consequence of the high rate of nitrate and 

nitrite. In addition, as algal NO3
-
 reductase 

(NR) converts NO3
-
 to NO₂⁻ in light (Albert 

et al., 2013), it involves more enzymes 

activation and  significant transformation in 

green algae which are more exposed to light 

than brown algae. 

The alkalinity (HCO₃⁻) values are close 

to the two green seaweeds (7.8 – 10 [×10² 

mg L
-1

]), whereas this value is very low in 

the brown seaweed (1.95 ×10² mg L
-1

). 

Carbonate alkalinity (CA) and pH are 

considered to be two important stress factors 

(Lin et al., 2013). U. lactuca was highly 

efficient in removing the inorganic nutrients 
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from the culture systems (Van Khoi and 

Fotedar, 2011). Therefore, maintaining a 

certain level of inorganic carbon is necessary 

in order to prolong ammonia removal (Park 

et al., 2010). In general, green algae were 

able to reach the highest pH (10.8), and thus 

to achieve the highest level of inorganic 

carbon via a simple HCO3 −/OH− ion 

exchange process. For brown algae, pH 

increases due to carbon uptake never 

exceeded pH 9.7. Within each algal class, 

differences in pH and dissolved inorganic 

carbon compensation points could be related 

to differences in the depths at which the algal 

species occurred (Axelsson and Uusitalo, 

1988). It is well known from higher plants 

that nitrate assimilation increases alkalinity. 

This has also been shown for algae by 

(Wolf-Gladrow et al., 2007). We can then 

explain the fact that chlorophyta present a 

more important Phaeophyta alkalinity. 

According to the results, U. lactuca 

contained significant amounts of all the 

essentials minerals except the sulfate 

compound (Table 1). Magnesium (36.9 

×10² mg L
-1

) was the most abundant 

element in the U. lactuca seaweed after the 

nitrogen elements, followed by potassium 

(16.34 ×10² mg L
-1

). The other elements 

were calcium (13.6 ×10² mg L
-1

), sodium 

(13.02 ×10² mg L
-1

), chlorine (8.35 ×10³ 

mg L
-1

) and phosphate (3 ×10² mg L
-1

), and 

this is correlated with other studies  such as 

the study conducted by  (Yaich et al., 

2011). The high content of minerals for 

this U. lactuca seaweed was explained by 

the consumption of the alga of nutritive 

elements in the medium, where it survives, 

and their accumulation (Bartoli et al., 

2005; Tsagkamilis et al., 2010). Ulva 

(Chlorophyta) is one genus of 

opportunistic green macroalgae that owing 

to its foliose morphology has efficient 

nutrient uptake and high growth rates, 

enabling these organisms to proliferate fast 

in favorable conditions (Pedersen and 

Borum, 1997; Sode et al., 2013)  

This characteristic was attributed to 

sulphated polysaccharides present in the 

cellular wall of the alga. Indeed, the groups 

hydroxyl, sulphate and carboxyl of 

polysaccharide were ion exchangers; 

consequently, they were important sites of 

complexation of the metallic cation 

(Vasconcelos and Leal, 2001). 

In this study, we were also interested in 

the large difference which exists between 

Chlorophyta and Phaeophyta in the 

concentration of magnesium (1.94 - 36.9 

[×10² mg L
-1

], respectively) (Table 1). The 

brown algae have low concentration of 

magnesium, whereas the green algae are 

well provided with magnesium, especially 

Ulva sp. and Enteromorpha sp., and this is 

correlated with other studies (Costa et al., 

1997; Marfaing and Lerat, 2007).  

The magnesium is easily consumed in 

green seaweed compared to other metallic 

components (Park et al., 2010). The 

chlorophyll molecule comprises a 

magnesium ion (Mg²⁺), and forms a chelate 

with the 4 nitrogen atoms in the middle of 

cycle. Magnesium chelatase is a 

heterotrimeric enzyme complex that 

catalyzes a key regulatory and enzymatic 

reaction in chlorophyll biosynthesis, the 

insertion of Mg²⁺ into protoporphyrin IX 

(Rissler et al., 2002). Therefore, 

chlorophyteas have the highest levels in 

magnesium compared to Phaeophyceae.  

The results show that the green seaweed 

is an important source for minerals 

including potassium (rang between 12.65-

16.34 [x10² mg/L]). There is no significant 

difference in both green algae, but this 

difference is high between brown algae and 

green seaweed (2.78 – 16.34 [×10² mg L
-1

], 

respectively), and this is correlated with 

other studies (Lill et al., 2012).  

 Concentration calcium in chlorophytea 

is significantly higher than that among in 

pheotophytae. This result is attributed to 

the Photosynthetically saturating 

irradiances of continuous white light that 

enhance the active and passive fluxes of 

Ca
2+

 across the plasmalemma by a factor of 

two (Wagner and Bellini, 1976; Bauer et 

al., 1997), and normally green algae are 
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more exposed to light than brown algae, 

which is translated by the high 

concentration of calcium in green algae.  

The mean levels of tissue phosphorus in 

green seaweed were important, specially U. 

lactuca , which were related to the high 

efficiency of U. lactuca in removing the 

PO₄³⁻ nutrients from the culture systems. 

In consequence, the potential use of Ulva 

as an indicator species for eutrophication is 

discussed (Ho, 1981; Sode et al., 2013; 

Van Khoi and Fotedar, 2011). (Aratani et 

al., 2007) show that the higher the PO₄⁻ 
concentration, the higher the biomass of 

periphytic algae and the more dominant the 

Chlorophyceae.  

For microelements, Na⁺ and Cl⁻, the 

values are roughly in the range of the brown 

and green algae ([Cl⁻]:7.207 - 8.35 [×10³ mg 

L
-1

]/[Na⁺]:12.62 - 13.02[×10² mg L
-1

] 

respectively). On the other hand, the sulfate 

concentration is most important in the brown 

alga Padina pavonica (1.52[×10³ mg L
-1

]). 

These results are correlated with other results 

showing that the extract of brown algae 

presented higher percentage of sulphate 

(6.6±1.42%) (Vijayabaskar and Vaseela, 

2012). Furthermore, studies on chemical 

compositions from brown algae showed their 

relatively high sulfate content in comparison 

with green algae (Haroun-Bouhedja et al., 

2000; Al-Amoudi et al., 2009).  

 In photosynthetic organisms, sulfur is 

taken up by the cells mostly in the form of 

sulfate anions (Melis and Chen, 2005). In 

plants and algae, primary assimilation of 

sulfate takes place in the chloroplast. 

Seawater sulfate concentration is high and 

very little is known about the sulfur 

metabolism of marine organisms. It is the 

consequence of 1718 genes that they retain 

the ability to re-program their gene 

expression in response to reduced sulfate 

availability (Anastyuk et al., 2011; 

Bochenek et al., 2013; Bilan et al., 2014).  

Conclusion 
After comparing the composition of minerals 

and nutrients from the aqueous extract of the 

chlorophyta (Ulva lactuca, Ulva Linza) and 

Phaeophyta (Padina pavonica), we can 

conclude that the mineral compounds present 

a significant difference between the green 

and brown algae, except for the 

concentration of chlorine and sodium. In 

general, Chlorophyta, especially Ulva 

lactuca, contained significantly larger 

amounts of essential mineral elements than 

Phaeophyta. Finally, considering the fact that 

substantial values of mineral compounds 

were found in Ulva lactuca, and that these 

algae are abundant on the Lebanese coast 

throughout the year, it can be suggested that 

the use of these algae as biofertilizers  

replace the consumption of chemical 

fertilizers and, therefore, eliminate their 

harmful impact on people's health and the 

environment.    
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