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Abstract  

Physicochemical analysis of seawater at three sites along the Red Sea cost of 

Egypt; that is Faied, Ras Gharib and Safaga for one year revealed marked seasonal and 

local variation in the eutrophication status of the water, temperature and salinity. 

Laurancia obtusa experienced both local and temporal variation in covering percentage 

with a maximum dominance during summer and autumn especially at Faied. The contents 

of proteins, carbohydrates and lipids in L. obtusa tissues showed peaks during summer at 

all sites particularly at Faied. Likewise, the mineral content of the alga exhibited distinct 

seasonal and local variation. Chloroform extracts of L. obtusa were more efficient as 

antibacterial than as antifungal. The most sensitive bacterial species was Pseudomonas 

aeruginosae and the most sensitive fungal species was Fusarium spp. The L. obtusa 

extract harvested from Safaga was the most potent among the studied sites. The 

antimicrobial activity of the algal extract obtained from algae collected during autumn and 

winter was stronger than during summer and spring. This was in marked contrast with the 

levels of the primary metabolites (protein, lipids and carbohydrates) which showed 

maximum levels during summer.   

Key Words: Antimicrobial Activities, Chemical Composition, Laurancia obtusa, Red Sea 

Coast- Egypt, Seaweed Flora.  

Introduction 

The Red Sea had been considered as one of the least polluted waters in the world 

(Head, 1987); yet pollution induced by anthropogenic activities including oil 

spills and excessive loading of nutrients, particularly phosphate, through the 

addition of fertilizers, and discharge of industrial wastewater and sewage have 

been reported during the last decade (Abou-Aisha et al., 1995). The 

physicochemical characteristics of water determined primarily by the locality and 

the season considerably influence the distribution, growth and chemical 

composition of algal species (Kuwana et al., 1998). The algal content of 

carbohydrates, proteins, lipids, free amino acids and minerals vary according to 

species, geographical location, season and temperature (Shanmugam and 

Palpandi, 2008). Algae have the ability to produce primary as well as secondary 
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metabolites which might be of potential value as bioactive ingredients in the 

pharmacological industry (Attaway and Zaborsky, 1993). Laurencia obtusa are 

rich source of polyhalogenated sesquiterpenes with different types of skeleton 

among other different natural products such as hurgadenyne, β-snyderyl acetate, 

hurgadol, n-heptadecane, obtusane, 3-β-bromo-8-epicaparrapi oxide, (E)-2-

tridecyl-2-heptadecenal, β-synderol, palmitic acid and cholesterol (Martin and 

Darias, 1978; Erickson, 1983; Martin et al., 1989). Special attention has been 

reported for antiviral, antibacterial and/or antifungal activities related to marine 

algae against several pathogens. As an efficient strategy of investigation, organic 

solvents have been used to extract the possible soluble active principles from 

macroalgae (Lima-Filho et al., 2002; Demirel et al., 2011).   

The present work aims to investigate the seasonal variation in the 

chemical composition of L. obtusa at different sites along the Red Sea coast of 

Egypt. The antimicrobial activity of L. obtusa extracts against some pathogenic 

bacteria and fungi will be investigated in relation to the environmental conditions. 

Materials and Methods 

Three sites representing the shores of the Suez Canal, Suez Gulf and Red 

Sea Coast; that is Faied, Ras Gharib and Safaga respectively were seasonally 

investigated (Figure 1). For physicochemical analysis surface water samples were 

collected two times a season for one year from May 2008 to May 2009. Chemical 

analysis of water samples was performed according to Strikland and Parsons 

(1972). Percentage covering of L. obtusa was determined using a 1 m2 quadrate at 

low tide. Algal biomass was cleaned from impurities and thoroughly washed with 

distilled water, blotted gently and fresh weight was recorded. Air-dried samples 

were re-weighed for dry weight estimation, then ground and stored at room 

temperature (20-30°C) for analysis.  

Protein content of the alga was determined spectrophotometrically 

according to the method of Bradford (1976) using coomassie brilliant blue G-250 

using a double beam recording spectrophotometer at 595 nm. Total carbohydrates 

were determined spectrophotometrically using the anthrone method adopted by 

Schortemeyer et al. (1997).  Total lipids were extracted in a soxhlet system using 

petroleum ether (40-60) according to the procedure of AOCS (1993). The algal 

dry mass was digested according to the Microkhjeldahl method of Hawk et al. 

(1947). The contents of potassium, sodium and calcium in the clear digest were 

determined using Flame Photometer (Jenway PFP7) and total phosphorus was 

determined according to the method of John (1970). Heavy metals in the dried 

algal samples were extracted by digestion according to Moore and Chapman 

(1986). Algal extracts were diluted up to 100 times before injection into a Perkin 

Elmer 2380 Atomic Absorption Spectrophotometer. For estimation of 

antimicrobial activity, algal biomass was extracted with chloroform using soxhlet 



Biochemical constituents and Bioactivity of Laurencia obtusa (Ceramiales, Rhodophyta) in relation ……………  

 

Egyptian J. of Phycol. Vol. 12, 2011  - 35 - 

 

 Safaga 

apparatus, and the residue was evaporated and re-dissolved in dimethyl sulfoxide 

(DMSO). 

 

Figure (1): The study area at Suez Canal (Faied), Suez Gulf (Ras Gharib) 

and Red Sea (Safaga). 

 

Algal extracts were tested for antibacterial and antifungal activity 

according to the method of Calvo et al. (1986). Using a sterile cork borer, 10 mm 

wells were cut off from agar and 0.3 ml of L. obtusa extract was introduced into 

each well. For the control, 0.3 ml of DMSO was used. The tested bacterial species 

were Staphylococcus aureus, Bacillus cereus, Micrococcus roseus, Escherichia 

coli, Pseudomonas aeruginosae, Klebsiella pneumoniae and Enterobacter cloacae 

and the tested fungi were Alternaria alternata, Aspergillus niger, A. flavus, 

Fusarium oxysporium-pisi, F. solani, Botrytis fabae and Rhizocotonia solani. 

Inhibition zones were measured in millimeters after one day incubation at 37°C 

for bacteria and after 5-6 days at 28°C for fungi. Each assay was repeated twice 
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and the mean values were recorded. Pearson's correlation coefficient (r) was 

calculated using SPSS. Inc., 1999 program (version 10). 

Results 

The physicochemical characteristics of the sea water at the three sites of 

study over one year period were presented in Table (1). Water temperature 

exhibited marked seasonal and local variation, with a minimum of 18°C at Faied 

in winter and a maximum of 34°C at Safaga in summer. Water was slightly 

alkaline in average and the pH ranged from 7.6 to 8.2 (Table 1). The levels of 

salinity (estimated as g dissolved slats per liter), chloride, total hardness, electric 

conductivity and dissolved oxygen of water were relatively lower than average 

during winter especially at Faied but higher during summer especially at Safaga. 

Total alkalinity was lowest (2.4 meq l
-1

) at Safaga during autumn and highest (3.4 

meq l
-1

) during spring at Faied.   

Table (1):  Physicochemical analysis of water at the three sites of study areas over 

one year period. Each value is the mean of three replicates ± SE. 
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The maximum value of BOD (3.9 mg l
-1

) was recorded at Faied during 

winter, while the minimum (1.5 mg l
-1

) was recorded at Safaga with minor 

seasonal variation. The highest values of nitrate, nitrite and ammonia (0.08 mg l
-1

, 

0.04 mg l
-1

 and 0.09 mg l
-1

 respectively) were recorded at Faied during spring. 

Total phosphorus exhibited considerable seasonal and local variations (Table 1); 

with high levels (11.2 mg l
-1

) at Safaga during spring and low levels at Ras Gharib 

during autumn and winter. The highest level of silica (3.6 mg l
-1

) was recorded at 

Faied during summer and the lowest value (0.9 mg l
-1

) at Safaga during autumn 

(Table 1). 

Figure (2) shows that the covering percentage of L. obtusa varied 

according to season and site with maximum and minimum abundances at Faied 

during autumn and winter respectively. The seasonal variation in L. obtuse 

dominance was thus particularly evident at Faied compared to the other sites of 

study; where the covering percentage was raised from 10% in spring to a 

maximum of 40% during autumn and then dropped to a minimum of 7% in 

winter,   ) i.e. a fivefold change). By contrast, the seasonal variation at Safaga was 

only 1.5 fold. Moreover, while minimum abundance was generally recorded in 

winter, the timing of maximum abundance varied according to the site; with Faied 

and Safaga showing peaks in autumn and Ras Gharib in summer. 

 

Figure (2): Seasonal variation in the covering percentage of Laurencia obtusa during 

the studied period 

Biochemical analysis revealed that the contents of proteins, lipids and 

carbohydrates in L. obtuse tissues showed peaks during summer. However, the 

minimum levels of lipids were recorded during spring and those of proteins and 

carbohydrates during winter (Table 2). Among the three sites of study the contents 

of proteins, lipids and carbohydrates were highest at Faied and least at Safaga and 
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Ras Gharib. The highest seasonal variability in protein content (four fold) was 

detected at Safaga that in soluble carbohydrate content (40 fold) at Faied, while 

that in lipid content (five fold) was at both Safaga and Faied. The content of 

insoluble carbohydrate content exhibited relatively small seasonal variability (less 

than two fold at the different sites). 

Table (2): Biochemical analysis of Laurencia obtusa at different sites of the studied 

area in four seasons. Each value is the mean of three replicates ± SE. 

The mineral content of the alga exhibited considerable variation 

according to site and season. The contents of K, Na and P in L. obtusa tissues 

were highest at Safaga during winter, those of Ca at Ras Gharib during autumn. 

The lowest levels of K were found at Safaga during summer, those of Na at 

Safaga during autumn, those of Ca at Faied during summer and those of P at Faied 

during winter. Certain sites exhibited highest average levels of certain minerals. In 

general, the highest average content of K was found at Faied, where those of Ca 
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and P are at Safaga. By contrast, the lowest average contents of K and P were 

found at Ras Gharib while the lowest content of Ca was found at Faied. The 

content of Na was comparable at the three sites with relatively small local and 

seasonal variations and averaged about 22.5 mg g
-1

 DW. The contents of minerals 

in L. obtuse tissues were subjected to seasonal variation and the magnitude of this 

variation differed according to site. The contents of K and Na exhibited the 

greatest seasonal variability (four and three fold respectively) at Safaga and the 

least seasonal variability (less than two fold) at Faied. The greatest variability in  

Ca and P contents (two and fourteen fold respectively) were found at Faied, while 

the least variability in Ca content (almost constant seasonal level) was found at 

Safaga and in P content ( only three fold change) was found at Ras Gharib. The 

contents of heavy metals in the algal tissues were subjected to minor seasonal and 

local variability, with an average of 0.38, 0.83, 0.68, 1.1, 0.45 and 0.75 mg g
-1

 

DW for Fe, Co, Mn, Cd, Cu and Zn respectively over all sites and all seasons. 

The antimicrobial activity of L. obtusa extracts was investigated against 

seven bacterial and seven fungal species Table (3).   

Table (3): Antimicrobial activity of Laurencia obtuse extract at different sites of the 

studied area in four seasons. Each value is the mean of three replicates ± SE.  
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The data revealed that, in general, the antibacterial activity of the algal 

extract was more potent than the antifungal activity. The most affected bacterial 

species was Pseudomonas aeruginosa and the most affected fungal species was 

Fusarium solani. The least affected bacterial species were Escherichia coli and 

Enterobacter cloacae and the least affected fungal species were Botrytis fabae 

and Rhizocotonia solani.  The antimicrobial activity of the algal extracts obtained 

at Safaga was the highest, followed by those obtained at Faied. By contrast, the 

maximum antibacterial activity against E. coli and the antifungal activity against 

R. solani were at Ras Gharib.  Furthermore, the data revealed that during winter 

and autumn the antimicrobial activity were highest than during summer and 

spring. Also the data shows that the antibacterial activity of L. obtusa was 

positively correlated with the water pH, alkalinity, phosphorus and chloride 

contents but negatively correlated with temperature, ammonia and silica. The 

antifungal activity showed positive correlation with pH and chloride but negative 

correlation with alkalinity; nitrite, ammonia and nitrate (Table 4). 

Table (4): Correlation coefficient between mean antibacterial and mean antifungal 

activities of the investigated Laurencia obtuse and the mean environmental condition. 
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Discussion 

Climatic conditions particularly water temperature has been reported to 

strongly affect the community composition, growth and bioactivity of marine 

algae (Trono and Tolentino, 1992). The limited local and seasonal variation in 

water temperature of the sites of study is a reflection of the moderate climate 

prevailing in Egypt. The slight seasonal and local fluctuation in water pH, with an 

overall slightly alkaline reaction might be due to the buffering activity of the 

bicarbonate system associated with production of CO2 and the water dissolved 

oxygen. Reynolds (1976) concluded that, photosynthesis and respiration of 

aquatic biota has been controlled the pH value in aquatic system.              

The relatively low levels of salinity, chloride, total hardness, electric 

conductivity; dissolved oxygen along with the relatively high level of BOD at 

Faied can be attributed to the agricultural effluents discharged  at north   Faied. 

Abdel Baky (2001) reported that, increasing the organic matter content of water 

can lower the dissolved oxygen content. The lowering in salinity, EC, TDS, total 

hardness and chloride content during winter was consistent with the low 

temperature, high pH values and less evaporative loss. Efe et al. (2005) revealed 

that the decrease of EC during winter was related to the low temperature and high 

pH values. Meanwhile the high TDS, chloride, total hardness, EC and dissolved 

oxygen contents at Safaga during summer may be due to the high rate of 

evaporation and the absence of continuous enrichment with fresh and/or brackish 

water. Moreover, water turbulence arising from wave action would lead to less 

amount pollutants and increase the dissolved oxygen content in water at Safaga. 

Salinity and TDS influence growth rate of algae (Polat and Işik, 2002).  

 The high levels of water alkalinity, nitrite, nitrate, ammonia and BOD 

encountered at Faied during spring and the low levels of these characteristics at 

Safaga especially during winter can be related to the agricultural discharges which 

increase the levels of nutrients in water at north Faied and might point to the low 

polluted status of water at Safaga.  Turkoglu and Koray (2002) concluded that, 

the agricultural drainage increase level of trophic status in water. Total 

phosphorus content of water exhibited considerable seasonal and local variation. 

High phosphorous content during spring and summer may be due to the 

anthropogenic activity arising from intensive tourism during that time of the year. 

The strikingly high levels phosphorous at Safaga followed by Faied may be due to 

the loading of raw phosphate at Safaga and to the sewage, agricultural and 

industrial waste discharges at north Faied. These findings are in agreement with 

those of Abdel Baky (2001).  

The high water silica at Faied during summer can be related to the low 

diatom growth, high recycling rate of silicon and intensive industrial discharge. 

By contrast the low levels of silica at Safaga during autumn can be related to the 

high diatom growth and the very low water pollution therein. Kebede et al. 
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(1994) reported that vigorous diatom population was inversely related with silica 

concentration in sea water. 

The local and temporal variations in the dominance of L. obtusa could be 

attributable to variation in the eutrophic status of water, temperature and the light 

regime. Díaz et al., (2002) indicated that   the macroalgal growth was controlled 

by eutrophication levels of intertidal habitat. The favorite growth of L. obtusa 

during the warm seasons (summer and autumn) particularly at Faied can be 

related to the relatively high eutrophic status and the favorable temperature of 

water. Likewise, timing of maximum growth of L. obtusa at Safaga during winter 

may be related to the relatively higher temperature at that site than the other two 

sites during winter.  

 The relatively high contents of carbohydrates, lipids and  proteins in L. 

obtusa at Faied compared to those at Safaga may be due to the high eutrophication 

status of water as a result of agricultural drainage at Faied while the water at 

Safaga is least  polluted. The seasonal pattern of these  bio-contents, with a 

maximum  during summer and a minimum during spring is in accordance with the 

pattern of seasonal dominance exhibited by the alga and may be related to the 

seasonal fluctuation in temperature (Shanmugam and Palpandi, 2008) . The 

seasonal and regional variation in mineral content of L. obtusa   can be related to 

the seasonal and local variations in mineral content of water as well as water 

temperature. The mineral content of macroalgae has been found to vary with 

temperature and the trophic status of water (Krishnaiah et al., 2008). The high 

phosphorous content of L. obtusa at Safaga and Faied relative to the third site Ras 

Gharib could be related to the high load of inorganic  phosphorous in water due to 

processing of rock phosphate at Safaga and to the agricultural drainage stations at 

north Faied. Cd was highest detected in L. obtusa followed by Co, Mn, Zn, Cu 

and Fe. The heavy metal content of L. obtusa exhibited small seasonal and 

regional variation. The seasonal variation of heavy metal contents of seaweeds 

were controlled by heavy metal levels in marine water. This may be due to the 

limited seasonal and long-term variation in heavy metal levels in the marine 

environment (Villares et al., 2002). The presence of high levels of Cd in the algal 

tissues and in sea water refers to the polluted nature of water.  Furthermore, 

variation of the bioaccumulation capacity and bioconsumption of L. obtusa for 

different heavy metals might control the heavy metal content of the alga. Where, 

Das et al. (1997) indicated that the heavy metal contents of organism depend on 

its bioaccumulation capacity and bioconsumption for these heavy metals.  

The chloroform extract of L. obtusa was more efficient as antibacterial 

than as antifungal. The antimicrobial potency of the extract was highest from 

algae harvested at Safaga during autumn and winter and lowest from algae 

harvested at Faied during spring and summer. This points to a probable rise in the 

levels of the active antimicrobial secondary metabolites under stress conditions 
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(unfavorable growth season) at the expense of a lowering in the primary 

metabolites involving proteins, carbohydrates and lipids. The highest antibacterial 

of the algal extract activity was recorded against P. aeruginosae and the lowest 

against E. coli. similar results were obtained by Crasta et al. (1997).  

The differential antibacterial activity of the algal extract against different 

bacterial species which also varied according to the growth season may be due to 

the structural differences between the bacterial species tested and the seasonal 

variation in the levels of antimicrobial compounds in the algal extract. This is in 

agreement with (Padmini Sreenivasa Rao, 1998) who demonstrated differential 

antibacterial activity of the diethyl ether extracts of Sargassum johnstonii against 

Proteus vulgaris according to the season of growth. The seasonal environmental 

fluctuations might be reflected on the pattern of algal growth (growth rates and 

growth shapes), which in turn lead to different antimicrobial activity of the algal 

extract (Hellio et al., 2004). The antibacterial activity of L. obtusa was positively 

correlated with the water pH, alkalinity, phosphorus and chloride contents but 

negatively correlated with temperature, ammonia and silica. The antifungal 

activity showed positive correlation with pH and chloride but negative correlation 

with alkalinity; nitrite, ammonia and nitrate. Similar results were obtained by 

Marti et al. (2004).  

In conclusion: Growth and chemical composition of L. obtusa varied in 

response to the seasonal and local variation in water quality at the Red Sea coast 

of Egypt. Algal growth and content of primary metabolites (proteins, 

carbohydrates and lipids) was maximum during summer and autumn, in a reverse 

relationship with the antimicrobial activity of the algal extract which was more 

powerful as antibacterial than as antifungal. The anthropogenic activities such as 

intensive tourism and discharge of agricultural drainage into the Red sea altered 

the local and temporal variation in water characteristics. Further studies are 

needed to isolate and identify the antimicrobial compounds in L. obtuse extracts 

for utilization in industrial and pharmaceutical applications. 
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وبتوزا وعالقتها المحتوى البيوكيميائى والنشاط البيولوجى لطحلب اللورانشيا ا

 مصر -على شاطئ البحر االحمر بالمتغيرات الموسميه والبيئيه

 محمد على ابراهيم دياب

 دمياط الجديدة -جامعة المنصورة  - بدمياط كلية العلوم  -ت قسم النبا

    

وسفاجة دلت على ان هناك  ، رأس غاربالتحليالت الفيزيوكيميائية لمياة البحر فى منطقة فايد

وعلى العكس من ذلك فان درجات الحرارة  زيادة فى المحتوى الغذائى للمياه من الجنوب الى الشمال.

سجل نموات مختلفة باختالف المكان اللورنسيا اوبتوزا وطحلب   من الشمال الى الجنوب. والملوحة تزداد

وقد بينت التحليالت   .داية الخريف فى منطقة فايدوموسم النموحيث ان اعلى نمو كان فى نهايه الصيف وب

البيوكيميائية ان محتوى البروتين والكربوهيدريت والدهون فى هذا الطحلب تزداد فى نهاية الصيف خاصة 

فى منطقة فايد بينما محتواه من العناصرالمعدنية تختلف اختالف كبيرحسب اماكن تواجد الطحلب. وقد 

عند استخدامه كمضاد حيوى ضد العديد من البكتيريا والفطريات خاصة اظهر الطحلب كفاءه عالية 

 .الخريف والشتاء موسمى خالل البوسيدومونس و الفيوزريم


