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Abstract 

Three species of marine macroalgae viz. Ulva fasciata (Chlorophyceae), Padina tetrastromatica (Pheophyceae) 

and Sargassum vulgare (Pheophyceae) were analysed for vitamin E content for one year. The annual mean of the 

vitamin E varied widely among the three species with the highest content recorded in P. tetrastromatica followed by 

S. vulgare and U. fasciata. Marked seasonal variations are observed in vitamin E content with peak values during 

summer and low values during winter. The range value varying from 3.5 to 85.0 µg/g dry weights within the three 

species. The seasonal variations were studied with respect to environmental variables like temperature, pH, salinity, 

light, nitrite, phosphate, silicate and dissolved oxygen of the coastal water at the macroalgae collection site, so as to 

correlate their influence on formation and distribution of vitamin E.  Significant positive correlations occurred for 

vitamin E with temperature and dissolved oxygen at p≥0.05 for all the three species. The one way ANOVA displayed 

a significant variation in vitamin E content among the three species at p<0.05 level. The present study revealed that 

the Pheophyceaen members possessed higher content of the vitamin E than the Chlorophyceae attributing to their 

variation in taxonomic, physico-chemical, atmospheric conditions at different geographical locations and changes in 

upwelling of sea water and sediment composition. 
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Introduction 

Vitamin E is a fat-soluble indispensable nutrient 

which benefits the body by acting as an antioxidant 

and preventing vitamins A, C, K, RBC and essential 

fatty acids from destruction, thereby providing 

protection against serious diseases including heart 

disease and cancer. It helps in preventing arteries 

from clogging by blocking the conversion of 

cholesterol into the waxy fat deposits called plaque 

that stick to blood vessel walls. Vitamin E also thins 

the blood, allowing blood to flow more easily 

through arteries even when plaque is present. Studies 

in the last decade have reported beneficial results 

from the use of vitamin E supplements in preventing 

heart disease and other types of cardiovascular 

diseases (Halver, 2002). The other biological 

activities that have been recently reported are the 

regulation of cellular signaling and gene activity, 
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modulation of immune function and induction of 

apoptosis (Azzi et al., 2002).  Recent studies have 

found that vitamin E may help relieve menstrual pain 

or dysmenorrheal and reduce PMS symptoms. 

Clinical studies on Vitamin E has proved to reduce 

Photodermatitis (an allergic skin reaction to the UV 

rays of the sun) and pre-eclampsia (high blood 

pressure and too much protein in the urine, resulting 

in premature births), when used in combination with 

Vit-C. Further, it is used to prevent or treat 

Alzheimer's disease and Uveitis (inflammation of the 

uvea, the middle layer of the eye between the sclera 

and the retina). Further, the various forms of vitamin 

E are principally antioxidants of natural fats which 

work by generously giving electrons to free radicals 

thereby preventing them from damaging all major 

components of cells including DNA, proteins, and 

cell membranes leading to the development of cancer 

and other health conditions. In  human body free 

radicals with oxygen-ROS (Reactive Oxygen 

Species) contributes to a number of diseases such as 

aeterosclerosis, rheumatoid arthritis, diabetes, 

muscular dystrophy, pulmonary dysfunction, 

myocardial infarction, Alzheimars disease and some 

type of cancers (Ruberto et al., 2001).  The reactive 

oxygen species are scavenged by antioxidant 

molecules such as ascorbate, glutathione, tocopherol 

and by enzymes such as superoxide dismutase, 

catalase, ascorbateperoxidase and glutathione 

reductase (Collen and Davison, 2001). Therefore the 

presence of antioxidant compounds in the diet can 

help provide protection from reactive oxygen species 

linked diseases. Owing to the limitations on the use 

of synthetic antioxidant compounds in food products 

due to their side effects (Kabouche et al., 2007), there 

is an essential need to develop and utilize effective 

natural antioxidant molecules.  Over the past several 

decades, plants and their extracts have been 

demonstrated to have strong antioxidant activity 

(Kanwal et al., 2011; Sultana et al., 2013).  

       Seaweeds are reported to be rich in soluble 

dietary fibres, proteins, minerals, vitamins, 

antioxidants, phytochemicals and polyunsaturated 

fatty acids, with a low caloric value (Mohamed et al., 

2012). Seaweeds have been consumed as food in 

Asian countries since ancient times and over the past 

few decades, the consumption of seaweed products 

has been remarkably increased. The increasing 

demand for natural antioxidant compounds has lead 

to a search for new resources from microalgae, which 

only ended up with few reports on their presence and 

very rare reports on their seasonal variation and 

distribution (Miyashita and Takagi, 1987; Pires-

covalcante et al., 2011). Earlier Sarojini and 

Lakshminarayana (2011) have reported the presence 

of vitamin D and vitamin E in sixteen species of 

marine macroalgae available along the coast of 

Visakhapatnam, India. Presently, with no earlier 

reports in India, an investigation has been attempted 

on the seasonal distribution of vitamin E in three 

species of marine macroalgae available along the 

Visakhapatnam coast. The seasonal variations were 

further studied with respect to environmental 

variables like temperature, pH, salinity, light, 

dissolved oxygen, nitrite, phosphate and silicate and 

of the coastal water at the macroalgae collection site, 

so as to correlate their influence on formation and 

distribution of vitamin E.    
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Materials and Methods 

Study area 

         The map showing the study locality of 

Visakhapatnam coast is given in figure 1. 

Visakhapatnam is situated on the east coast of India 

between the latitudes 17 ͦ 14’ 30” and 17 ͦ 45’N and 

longitudes 83  ͦ16’ 25” and 83  ͦ21’ 30” E.  Station III 

is situated near Tenneti Park where big boulders and 

rocky platforms with rock pools are exposed during 

low tide periods. Three species of marine macroalgae 

namely Ulva fasciata Delile (Chlorophyceae), Padina 

tetrastromatica Hauck (Phaeophyceae) and 

Sargassum vulgare C. Agardh (Phaeophyceae)  were 

collected for twelve months from February 2012 to 

January 2013 at the intertidal zone of Visakhapatnam 

coast during the low tide periods at Tenneti Park 

(Station III) where these three species of algae grow 

abundant. The environmental variables were also 

measured during the same period at the macroalgae 

collecting site of the coast.    

Sampling 

All the samples were brought immediately to the 

laboratory in plastic bags containing seawater to 

prevent the seaweeds from drying out. Epiphytes and 

extraneous matter were removed and the samples 

were washed thoroughly with fresh water. The 

samples were air-dried at room temperature, again 

cleaned, powdered, labelled and stored for further 

analysis. The macroalgae species were identified 

according to the key published by Umamaheswara 

Rao and Sree Ramulu (1970) and were authenticated 

by Dr. G.M.N. Rao, Assistant Professor in marine 

algae, Department of Botany, Andhra University, 

Andhra Pradesh. India. The voucher specimens are 

deposited in the herbarium of Botany Department, 

Andhra University, Visakhapatnam, Andhra Pradesh, 

India. The environmental variables such as 

temperature, pH, salinity and light were measured 

using standard meters. The dissolved oxygen, nitrite, 

phosphate and silicate were measured by analytical 

methods.  

Estimations 

     The vitamin E in the plant material was estimated 

according to the method of Jayashree et al. (1985). 

The plant material (1 g) was soaked in 100 ml of 

ethanol and petroleum ether (1.5: 2.0) for 24 hrs. The 

petroleum ether fraction was separated and 

evaporated to dry.  The precipitate formed was mixed 

with 5.0 ml of ethanol and to this extract, 0. 2 ml of 

2, 2’, α-dipyridyl reagent (0. 2%), 0. 2 ml of ferric 

chloride (0. 5%) solution and 2 ml of butanol were 

added. The solvent mixture of 0.2 ml of ethanol, 0.2 

ml of 2’, α-dipyridyl reagent, 0.2 ml of ferric chloride 

and 2.0 ml of butanol were used as blank. The red 

colour has developed exactly after fifteen minutes it 

was read at 520 nm. The different concentrations of 

α- tocopherol were used as a standard. All the 

reagents used were of analytical grade (SQ 

qualigens). All the analytical determinations were 

performed in triplicates as per standard 

recommendations. The results were expressed in µg/g 

dry weight.   
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Table 1. The range and mean of environmental variables 

Variable Range Mean Standard 

Deviation 

Temperature ◦C 27.0  – 33.0 29.5 ± 1.2 

pH 8.2 – 9.2 8.5 ± 0.40 

Salinity  (ppt) 20.0 – 32.0 29.5 ±  3.4 

Light (K lux) 26.8 -68.6 50.5 ± 15.4 

Dissolved oxygen (mg/l) 3.10 – 10.4 5.6 ± 0.48 

Nitrite  (µ moles) 0.10 – 4.05 1.23 ± 0.16 

Phosphate (µmoles) 0.30 – 1.71 0.80 ± 0.43 

Silicate (µ moles) 0.13 – 6.02 7.75 ± 3.8 

Table 2. The seasonal variations in environmental variables 

Variable Summer* Rainy** Winter*** 

Temperature ◦C 30.0 30.5 20.0 

pH 8.7 8.25 9.0 

Salinity  (ppt) 31.0 30.5 28.0 

Light (K lux) 46.52 44.35 60.87 

Dissolved oxygen (mg/l) 7.04 5.41 4.18 

Nitrite  (µ moles) 0.78 1.97 0.67 

Phosphate (µmoles) 0.71 1.21 0.47 

Silicate (µ moles) 8.85 8.59 5.86 

*Summer - February to May; ** Rainy - June to September; *** Winter - October to January 

Table 3. The range and mean (µg/g DW) vitamin E in macroalgae 

Algae Range Mean Standard deviation 

U. fasciata 3.5 – 32 13.16 7.65 

P. tetrastromatica 8.0 – 85.0 33.66 26.59 

S. vulgare 4.0 – 48.0 24.83 15.63 

Table 4. Seasonal variations in Vitamin E (µg/g DW) content of macroalgae 

Algae Summer* Rainy** Winter*** 

U. fasciata 19.0 10.75 9.0 

P. tetrastromatica 26.25 37.5 13.0 

S. vulgare 57.0 28.0 16.0 

*Summer - February to May; ** Rainy - June to September; *** Winter - October to January 

Table 5.  r values for correlation between vitamin - E and environmental variables 

Macroalgae Variable Summer Rainy Winter 

U. fasciata Temperature 0.73 -0.29 0.91 

 pH 0.95 0.10 0.76 

Salinity 0.65 0.77 -0.29 

Light 0.57  0.78 

Dissolved oxygen 0.89 0.72 -0.71 

Nitrite 0.83 0.83 0.51 

Phosphate 0.12 0.18 0.28 

Silicate -0.68 0.64 -0.12 

P. 

tetrastroma

tica 

Temperature 0.904 0.80 0.98 

 pH 0.23 0.022 -0.98 

Salinity 0.81 0.73 0.54 

Light 0.96 0.24 -0.99 

Dissolved oxygen 0.63 -0.81 -0.24 

Nitrite 0.80 -0.48 0.46 

Phosphate 0.81 -0.89 -0.27 

Silicate 0.024 -0.85 -0.004 
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S. vulgare Temperature 0.334 -0.84 0.957 

 pH 0.92 -0.278 -0.98 

Salinity 0.45 0.73 -0.35 

Light 0.24 -0.247 -0.970 

Dissolved oxygen 0.60 -0.81 -0.10 

Nitrite 0.62 -0.48 0.64 

Phosphate -0.35 -0.89 0.005 

Silicate -0.90 -0.85 -0.22 

Summer period ranging from February to May; Rainy period from June to September; Winter period from October to 

January 

Statistical analysis 

The mean standard deviation, correlation 

coefficients and one way ANOVA were calculated 

using standard statistical packages of IBM. The levels 

of the biochemical components were obtained as the 

mean of three replicates ± SD (Standard Deviation). 

In addition, the mean values of each biochemical 

component were subjected to one-way ANOVA 

followed by Duncan’s multiple range test at p<0.05 

using the SPSS Inc. program version 15 (2006) to 

detect significant differences among the target 

species in different seasons. 

Results and Discussion 

The range and mean values of environmental 

variables are presented in table 1. The temperature of 

the sea water was ranged from 27 to 30°C with an 

annual mean of 29.5°C.  The pH ranged from 8.2 to 

9.2 with an annual mean of 8.5. The salinity was 

ranged from 20 to 32 ppt (parts per thousand) with a 

mean of 29.5 ppt. The atmospheric light was ranged 

from 26.8 to 68.6 K lux with a mean of 50.5 K lux. 

The dissolved oxygen was ranged from 3.1 to 10.4 

mg/l with a mean of 5.6 mg/l. The nitrite was ranged 

from 0.10 to 4.05 µmoles with a mean of 1.23 

µmoles.  The phosphate was ranged from 0.3 to 1.71 

µmoles with a mean of 0.80 µmoles. The silicate was 

ranged from 0.13 to 12.6 µmoles with a mean of 7.75 

µmoles. The seasonal variations in environmental 

variables are presented in table 2, which are in 

accordance with the earlier findings (Sarojini and 

Subbarangaiah, 2001; Archana and Ramesh Babu, 

2013) on the coastal waters of Bay of Bengal. The 

high salinity value was observed during summer 

which could be due to high temperature and shallow 

nature of the study area. High dissolved oxygen 

during north east monsoon could be attributed to low 

temperature and high wave action dissolving much 

atmospheric air. High concentration of phosphate 

during winter due to the desorption of phosphate 

from the sediment, with increasing salinity during 

this period (Srinivasan et al., 2013).  

     The variation in distribution of vitamin E in three 

marine macroalgae analysed was depicted in figure 2. 

The vitamin E ranged from 3.5 to 85 µg/g dry weight 

among the three species. It was highest in P. 

tetrastromatica and it is followed by S. vulgare and 

U. fasciata. The vitamin content was twofold greater 

in S. vulgare and threefold greater in P. 

tetrastromatica than the U. fasciata. The range and 

mean values of vitamin E is presented in table 3. In 

U. fasciata, the vitamin E ranged from 3.5 to 32.0 

µg/g with an annual mean of 13.16 µg/g. In P. 

tetrastromatica, this vitamin ranged from 8.0 to 85.0 

µg/g with a mean of 33.6 µg/g. In S. vulgare, this 
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vitamin ranged from 4.0 to 48.0 µg/g with a mean of 

24.8 µg/g. The earlier reports of Jensen (1969) on the 

concentration of tocopherols in seaweeds ranged 

from 7 to 80 µg/g dry mass.  Burtin (2003) reported 

that the green seaweeds contain low amount of 

vitamin E among the marine algae. Durmaz et al. 

(2008) reported that the-tocopherol cntent of Ulva sp. 

was 9.50 µg/ g dry weight. These reports are similar 

to the present study. Higher content of vitamin E was 

also reported in Phaeophyceae in earlier studies 

(Jayasree et al., 1985; Sanchez-Machado et al., 2002; 

Sarojini and Lakshminarayana, 2011).  

Fig. 1.  The study area of Visakhapatnam 

 

The high content of vitamin E may be 

associated with the higher amount of n- 3 fatty acids 

(Panayotova et al., 2013). But, Sousa et al. (2008) 

and Yildiz et al. (2014) reported that the highest 

content of vitamin E in green algae than red and 

brown which is not found in the present study. This 

may be due to their study in different species of algae 

than the present studied species and also may be the 

variation in physic-chemical and atmospheric 

conditions at different geographical location. The 

variation in vitamin content of species depends on the 

maturity of plants, absorption capacity, climate and 

other biological processes (Darcy-Vrillon, 1993). The 

amounts of α-tocopherol in algae did not differ 

greatly from those found in vegetables normally 

consumed by humans (Raffo et al., 2006: Achikanu et 

al., 2013). 

Fig. 2.The annual mean vitamin E in three species of 

macro algae 

 

The monthly variations in distribution of 

Vitamin E in the three species of macroalgae are 

depicted in figure 3.  Significant variations were 

recorded in distribution of this vitamin in the three 

species of algae. In P. tetrastromatica the major peak 

was observed in March to June 2012 with the values 

of 38.0 to 85.0 µg/g. A minor peak was displayed 

during August to October 2012 with 29.0 to 32.0 

µg/g. For the remaining other five months the vitamin 

was low with a range of 8 to 16.0 µg/g. In S. vulgare 

the major peak was found in April 2012 with 45.5 

µg/g.  Another peak was also observed from July to 

October with 32.0 to 48.0 µg/g.  In February 2012 the 

content was high with 32.0 µg/g.  For the rest of the 

other months such as March, November and 

December 2012 and January 2013 the vitamin 

content varied from 4.0 to 8.0 µg/g.  In U. fasciata 
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the peak values for vitamin with 32. 0 µg/g was 

observed in April 2012. There were three other 

higher values recorded in July, October and 

December with 20.0, 16.0, and 12.0 µg/g 

respectively. The vitamin was low during June, 

August, September, November 2012 and in January 

2013 varying from 35 to 8.0 µg/g.  For the remaining 

other months such as February, March and May 2012 

the vitamin content varied from 12.0 to 16.0 µg/g.   

      The seasonal variations in vitamin E distribution 

are presented in table 4. Variation in seasonal peak 

was observed within species. In P. tetrastromatica 

the maximum content was found in summer with 

57.0 µg/g followed by rainy season and winter with 

28.0 µg/g and 16.0 µg/g respectively. In S. vulgare, it 

was maximum in rainy period with 37.5 µg/g 

followed by summer and winter with 26.2 and 13.0 

µg/g respectively. In U. fasciata maximum vitamin 

content was found in summer with 19.0 µg/g, 

followed by rainy season with 10.75 µg/g and winter 

with 90.0 µg/g. The higher vitamin E was also 

reported in the months of January, March and April 

in Japan (Miyashita and Takagi, 1987). The 

correlation coefficients were calculated among 

environmental variables and vitamin E in the three 

test algal species. In U. Fasciata a positive 

correlation was observed between temperature, pH, 

salinity, light, dissolved oxygen and nitrite with 

vitamin E at p≥0.05 during summer. The salinity, 

dissolved oxygen, nitrite and silicate are positively 

correlated with vitamin E at p≥0.05 during rainy 

period.  

Fig. 3. The variations in monthly distribution of Vitamin E in three species of macroalgae  

 

 The temperature, pH and light are positively 

correlated with vitamin E at p≥0.05 during winter 

season. In P. tetrastromatica the temperature, 

salinity, light, dissolved oxygen, nitrite and 

phosphate are positively correlated with vitamin E at 

p≥0.05 during summer. The temperature and salinity 

are positively correlated with vitamin E at p≥0.05 

during rainy and winter periods. In S. vulgare the pH, 

dissolved oxygen and nitrite are positively correlated 

with vitamin E at p≥0.05 during summer season. The 

salinity is positively correlated with vitamin E at 

p≥0.05 during rainy period. The temperature and 
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nitrite are positively correlated with vitamin E at 

p≥0.05 during winter period. In single factor analysis 

of ANOVA for U. fasciata and P. tetrastromatica the 

variation between groups was significant at p<0.05 

(where p=0.017, F. table=6.585 and F critical=4.3). 

In P. tetrastromatica and S. vulgare the variation 

between groups is significant with p=0.33, f table 

0.983 and f critical is 4.3. In U. fasciata and 

S.vulgare the variation between groups is also 

significant at p<0.05 (where, p=0.02, F table=5.38 

and f critical=4.3). Therefore, the variation of vitamin 

E between green algae and brown algae and also 

between brown algae and brown algae is significant 

when critical values for F are at p<0.05 level. The 

total tocopherol content increased with increasing sea 

water temperature, which also influences the 

photosynthetic rate in algae (Miyashita and Takagi, 

1987).  It was also reported that the gamma and alpha 

tocopherols increase the production of Nitric oxide 

and nitric oxide synthase activity (Jayasree et al., 

1985).  In algae, the variations of vitamin content and 

nutritional quality depend on factors such as 

seasonality, temperature, salinity and luminosity. The 

concentration of vitamins in algae depends on its 

exposure to sunlight (MacArtain et al., 2007).    

Conclusion 

Generally the Phaeophyceae especially the 

Fucales members such as P. tetrastromatica and S. 

vulgare are the good sources of vitamin E among 

macroalgae. The seasonal distribution of these algae 

elucidated that the vitamin E occurred more in 

summer and rainy period than in winter. So, P. 

tetrastromatica and S. vulgare are considered as the 

species possessing significant natural Vitamin E and 

the knowledge about their seasonal occurrence may 

serve the exploitation of these macroalgae in food, 

pharmaceutical industry and also in aquaculture.  
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