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Abstract 
The nutritional values of the three Caspian Sea macroalgae species, Cladophora glomerata, 

Enteromorpha intestinalis and Laurencia caspica were evaluated based on proximate and fatty 

acid composition. The investigated species demonstrated low lipid composition (0.20±0.03-

1.62±0.26 % DW) and high carbohydrate (21.70±0.17-26.1±1.27%DW) and protein contents 

(13.34±2.41-28.08±0.51%DW). The ash content varied from 17.87±0.20 to 30.36±0.98% DW 

and the amount of moisture ranged from 5.09±0.10 to 12.00±0.23% DW. Myristic acid was 

recorded as the most abundant saturated fatty acid. 8-octadecenoic and 9-octadecenoic acids 

were presented as the major monounsaturated fatty acids. Linoleic acid in green algae and 

arachidonic acid in red alga were detected as the predominant polyunsaturated fatty acids.  
 

Keywords: Macroalgae, Proximate composition, Fatty acids, Caspian Sea. 

  
1. Introduction 

Macroalgae comprise a heterogeneous group of 

organisms mainly occurring in shallow coastal and 

estuarine ecosystems (Guerry et al., 2009). They play 

important biological, environmental, and ecological 

roles in coastal environments (Carneiro et al., 2014). As 

the first organisms in marine food chain, they provide 

nutrients for other living organisms. They also provide 

shelter and habitat for many coastal animals (Manju 

Chandraprabha et al., 2012). Macroalgae contain plenty 

of essential nutrients, especially trace elements and 

several other bioactive substances. That explains why 

today seaweeds are considered as the food supplement 

for twenty -first century and source of proteins, lipids, 

polysaccharides, mineral, vitamins and enzymes (El-

Deek and Brikaa, 2009). Macroalgae are unique 

sources of protein although the content varies with the 

types of algae. Generally, green and red macroalgae 

contain higher level of protein (10–30% dry weight) 

than brown macroalgae (5–15% dry weight) (Banerjee 

et al., 2009; Siddique et al., 2013). Carbohydrates in 

algae are stored in different forms like starch in green 

algae, floridian starch in red algae, laminarin in brown 

algae as food reserves and energy. The high element 

contents in macroalgae are shown by their ash contents, 

which are in the range of 8–40% dry weight (Mabeau 

and Fleurence, 1993). The lipid content of macroalgae 

accounts for 1–6% dry weight and exhibit an 

interesting polyunsaturated fatty acid composition 

particularly omega-3 and omega-6 acids which play an 

important role in the prevention of cardio vascular 

diseases, osteoarthritis and diabetes (Rameshkumar et 

Journal of the Persian Gulf 

(Marine Science)/Vol. 5/No. 18/December 2014/10/63-72 



al.,

hav

bec

wit

ext

and

aci

atte

Ea

cha

200

dif

alg

ori

und

aff

par

199

hum

cha

typ

a c

in 

En

tim

gen

num

ult

com

due

inc

of 

alo

uti

com

eva

con

(La

(Cl

tha

, 2013). In re

ve aroused c

cause marine

th nutritiona

tensively for 

d pharmaceu

ids of marin

ention of ch

ach phylum 

aracteristic fa

02). Some 

fferences obs

gae may be 

igins of the s

der which t

fected compa

rts of the w

96). Several

man food 

aracteristic ta

pically contai

complete pro

the Far 

nteromorpha 

mes (Akköz e

nus Laurenc

mber and 

timately mak

mplex seawe

Nowadays, 

e to their nat

creasing dema

their chemica

ong the south

lized, becaus

mposition is

aluate the p

ntent of thre

aurencia ca

ladophora gl

at grow along

Mehd

ecent years, 

considerable 

e plants are ri

al implicatio

r biotechnolo

utical applicat

ne macrophyt

hemotaxonom

of marine m

fatty acid pat

authors h

served in the

related to 

samples, or to

the samples 

arisons betw

world (Aknin

l species of 

to provide 

aste (Jensen

n high amoun

tein (Wong a

East coun

and Cladoph

et al., 2011).

cia is know

diversity o

king it the 

ed genus (Pe

macroalgae 

tural compos

and for macr

al compositio

hern coasts of 

se the knowle

s limited. T

proximate co

ee major ma

aspica) and 

lomerata and

g the southern

dipour et al / P

fatty acids in

interest amo

ich in C18 an

ons and are 

ogical, food, 

tions (Li et a

tes have also

mists (Aknin 

macrophytic 

ttern (Khotim

have sugges

e fatty acid c

the varying

o the environ

were obtain

ween algae 

n et al., 199

f macroalgae

nutritional 

, 1993). Edi

nts of fiber an

and Cheung,

ntries have 

hora as food

 Among the 

wn to produc

of secondary

world’s mo

ereira et al., 20

consumption

sition. In orde

roalgae produ

on are require

f the Caspian 

edge about th

This study i

omposition a

acroalgae sp

two green

d Enteromorp

n coasts of the

Proximate an

n marine alg

ong researche

nd C20 PUFA

thus, studie

feed, cosmet

l., 2002). Fat

o attracted th

et al., 1992

algae has i

mchenko et a

sted that th

composition 

g geographic

nmental facto

ned. This h

from differe

0; Dembitsk

e are used 

value and 

ible seaweed

nd they conta

2000). Peop

been usin

d since ancie

red algae, th

ce the large

y metabolite

ost chemical

003). 

n is increasin

er to fulfill th

ucts, the detai

ed. Macroalg

Sea are unde

heir nutrition

is initiated 

and fatty ac

ecies, one re

n macroalg

pha intestinali

e Caspian Sea

d Fatty acid C

64 

gae 

ers 

As 

ed 

tic 

tty 

the 

2). 

its 

al., 

the 

of 

cal 

ors 

has 

ent 

ky, 

as 

a 

ds, 

ain 

ple 

ng 

ent 

the 

est 

es, 

lly 

ng 

the 

ails 

gae 

er-

nal 

to 

cid 

red 

gae 

is) 

a.  

2. M

Tw

(Cla

and 

colle

coast

2014

of m

were

be 

(Bur

epiph

speci

distil

(FDB

in a -

Fig. 1
Caspi

Table

Ch

S

B

A
Kh

To

Kjeld

Appr

Composition o

Materials an

wo represe

dophora glo

one red alg

ected at eigh

ts of the Casp

4. In each sam

macroalga was

e kept on ice

identified u

rrows, 1991; 

hytes and a

imen were 

lled water, f

B 5503, Kore

-50°C freezer

1: Map of the sa
ian Sea. 

e 1. Station co

Station 
Astara 
Anzali 

hamkhaleh 
Ramsar 

Sisangan 

Babolsar 

Amir abad 
hajeh nafas 

otal crude 

dahl method

roximately 1

of the Southern

nd Methods

entative spe

omerata, Ent

a species (L

ht sampling 

pian Sea (Fig

mpling statio

s collected m

until transfe

using standa

Leliaert and 

attached det

thoroughly 

freeze-dried 

ea) at -50°C u

r until extrac

ampling station

oordinates in t

Latitude
38°24´14.2"
37°12´57.5"

36°51´30.9"
36°36´05.6"

36°35´02.5"

36°42´54.9"

36°51´30.9"
36°57´48.9"

protein wa

d (protein co

1 g of seaw

n Caspian Sea

s 

ecies of g

teromorpha 

Laurencia ca

stations fro

g. 1 and Tabl

ons, the domi

manually. All

erred to the l

ard identific

Coppejans, 

tritus to the

removed w

by Operon 

under vacuum

ction.  

ns in the souther

the study area

Loe 
48°5" N 
50°1" N 

53°2" N 
51°3" N 

51°4" N 

52°3" N 

53°2" N 
54°0" N 

as determin

onversion fa

weed was dig

a Macroalgae

green algae

intestinalis)

aspica) were

om southern

le 1) in April

inant species

l the samples

laboratory to

cation keys

2003). Next,

e fronds of

with double-

Freez-dryer

m and stored

rn coasts of the

. 

ongitude
52´30.2" E 
16´28.9" E 

23´26.7" E 
30´59.7" E 

48´43.9" E 

39´22.4" E 

23´26.7" E 
00´54.3" E 

ned by the

actor: 6.25).

gested for 2

e  

e 

) 

e 

n 

l 

s 

s 

o 

s 

, 

f 

-

r 

d 

e 

e 

. 

2 



Journal of the Persian Gulf (Marine Science)/Vol. 5/No. 18/December 2014/10/63-72  

65 

hours with concentrated sulphuric acid (20 ml) and 

two Kjeltec catalyst tablets. After digestion, 75 ml of 

water was added. The distillation was performed 

using a Kjeldahl Distilling Unit. 25 ml of boric acid 

was poured into a 250 ml conical flask, which was 

placed in the distilling unit on the flask platform; the 

digested materials were then added to the unit. 50 ml 

40% sodium hydroxide was added to the digest and 

the steam valve turned on. The boric acid solution in 

the flask receiving the distilled ammonia changed 

color from red to green. After that, the contents of 

the flask were titrated against standard hydrochloric 

acid until the grey color end point (Polat and Ozogul, 

2013). The total carbohydrate content was evaluated 

by the Fehling's method (Khan, 1979). The moisture 

content was determined by oven-drying of 5 g of 

sample at 105˚C until a constant weight was obtained. 

The ash content was estimated by heating the 

seaweeds in a muffle furnace at 450˚C for 8 h and 

weighting the residue (AOAC, 2000). To determine 

total lipid content, the gas chromatography–mass 

spectrometry (GC–MS) analysis was performed using 

a model 6890N network GC system (Agilent, USA) 

equipped with a 5973 mass selective detector 

(Agilent, USA) and a MSD chemstation software on 

a HP-5 fused silica capillary column (30 m × 0.25 

mm I.D.). The injector port was heated to 250oC and 

injection was performed in split-less mode. The 

carrier gas was Helium, at a constant flow 1 ml/min. 

Temperature of auxiliary was set to 300oC. The oven 

temperature was set to 50oC for 1 min, then increased 

20oC/min to 150oC, 5oC/min to 285oC and held for 5 

min. All mass spectra were acquired in electron 

impact (EI) mode. Ionization was maintained off 

during the first 5 minute to avoid solvent over 

loading. The mass ranged from 50 to 600 m/z with a 

scan rate of 6 scan/s. The analysis was performed in 

full scan mode. Samples extracts (1µL) were 

analyzed (Silva et al., 2013).  

Briefly, 2 g of dried algae were extracted with 150 

ml Dichloromethan: methanol (2: 1), with ultrasonic 

bath. The extraction procedure was repeated five 

times and the resulting extracts were centrifuged in 

3000 Rpm for 5 min. Then, extracts concentrated to 

dryness under reduced pressure (40oC). The residue 

was dissolved in 1 ml methanol and then hydrolyzed 

with 1 ml of KOH methanolic solution (11g/l) at 90oC 

for 10 min. The free fatty acids originally present and 

those resulting from the alkaline hydrolysis were 

derivatized with 1 ml of BF3 methanolic solution 

(10%) at 90oC for 10 min. Derivatization was stopped 

with addition of 3 ml water. Fatty acid methyl esters 

(FAMEs) were purified with 2.6 ml of n-Hexan and 

anhydrous sodium sulphate was added to assure the 

total absence of water. The resulting extract was 

evaporated to dryness under a stream of nitrogen and 

dissolved in 100µL of n-Hexan. Each algal species was 

assayed in triplicate (Silva et al., 2013). To determine 

the nutritional value of macroalgae, the amount of 

protein, carbohydrate and lipid was multiplied by 4.2, 

4.2 and 9.3, respectively (Parvaneh, 2006).  

3. Results and Discussion 

Algae are often termed as superfood because of their 

high content of protein (Chakraborty and Bhattacharya, 

2012). This study revealed considerably high quantities 

of protein in the algal species from southern coasts of 

the Caspian Sea (Table 2). The highest percentage of 

protein in E. intestinalis collected from Anzali port was 

28.08 ± 0.51 % DW and the least percentage was 

collected from Khajeh-nafas (13.34±2.41% DW). The 

protein content of the red alga species (L. caspica) 

ranged from 22.22 ± 0.4% DW in Ramsar to 22.66 ± 

0.41% DW in Sisangan Province. Differences in the 

protein level of the three different species of 

macroalgae with respect to stations are given in Table 

2. These findings suggest that the macroalgae protein 

contents vary with changes in location and 

environmental conditions (Marinho-Soriano et al., 

2006). The protein content of dried marine algae is 
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typically 10-30%. It is 15-30% in red algae and 15-25% 

in green algae (Banerjee et al., 2009). The mean protein 

content found in the present study corresponds to 

values reported for Cladophora glomerata (20.38 % 

DW), Enteromorpha intestinalis (16.38 % DW) 

(Manivannan et al., 2009) and Laurencia sp. (17.28 % 

DW) (Ahmad et al., 2012).  

The accumulation of protein usually is associated 

with lower carbohydrate allocation. The carbohydrate 

content was the lowest in C. glomerata (18.8±1.25 % 

DW) at Babolsar and the highest in E. intestinalis 

(26.1±1.27 % DW) at Khajeh-nafas. The carbohydrate 

contribution of investigated species ranged from 

18.8±1.25% DW to 26.1±1.27% DW, well within the 

range reported by (Banerjee et al., 2009). Rosemberg 

and Ramus, 1982 related the carbohydrate synthesis to 

periods of maximum growth, increased photosynthetic 

activity and reduction in protein content. The inverse 

relationships between carbohydrates and proteins 

correspond to a pattern observed for several species of 

macroalgae (Mourandi-Givernaud et al., 1993).  

Results (Table 2) showed ash as one of the highest 

component of dried material for all the seaweed 

samples. The Ash content in seaweed samples 

ranged from 17.87±0.20 to 30.36±0.98% DW. This 

high ash content is a general feature of seaweeds, and 

these values are generally higher than those of 

terrestrial counterparts with only 5 to 10% DW 

(USDA, 2001). Earlier literature described that the 

various seaweeds consisted of different ash content 

between 8 to 40% DW (Mabeau and Fleurence, 1993). 

High ash content of seaweeds invariably indicates the 

presence of appreciable amounts of diverse mineral 

components (Matanjun et al., 2008). The variation in 

ash content also depends on seaweed species and 

geographical origins (Sanchez-Machado et al., 2004). 

The ash values obtained in this research were 

comparable with those of other seaweeds such as 

Ulva lactuca (21.3% DW) (Wong and Cheung, 

2000), Ulva reticulata (17.58% DW) (Ratana-arporn 

and Chirapart, 2006). The moisture content of the 

seaweed samples ranged between 5.09±0.10% DW 

and 12.00±0.23% DW (Table 2). The highest moisture 

content was obtained from L. caspica (12.00±0.23% 

DW) at Ramsar, whereas C. glomerata contained the 

lowest amount of moisture (3.95±0.22% DW). 

The total lipid contents varied slightly between 

three algal species and showed very few geographical 

changes (Table 2). Data presented in the literature 

show that the lipid content in marine algae are less 

than 4% of algal dry matter, but their Polyunsaturated 

fatty acid (PUFA)content can be as high as that of 

land plants (Polat and Ozogul, 2013; Khairy and El-

Shafay, 2013). 

Table 2. Proximate composition of three macroalgae species given in means ± SD (n=3). 
Stations Species Protein 

(%DW)  
Carbohydrate

(%DW) 
Lipid

(%DW) 
Ash

(%DW) 
Moisture 
(%DW) 

Nutritional Value
(Kcal) 

Astara Cladophora 
glomerata 

20.82±0.38 24.00±0.19 0.20±0.03 17.87±0.20 8.95±0.17 190.10

Anzali Enteromorpha 
intestinalis 

28.08±0.51 21.70±0.17 1.62±0.26 25.08±0.29 5.61±0.11 224.14

Chamkhaleh Enteromorpha 
intestinalis 

24.15±0.44 22.10±0.18 0.98±0.15 22.87±0.27 5.09±0.10 203.36

Ramsar Laurencia 
caspica 

22.22±0.40 25.50±0.20 0.30±0.05 26.82±0.31 12.00±0.23 203.21

Sisangan Laurencia 
caspica 

22.66±0.41 26.00±0.19 0.90±0.14 26.05±0.30 8.31±0.16 212.74

Babolsar Cladophora 
glomerata 

17.15±0.91 18.8±1.25 0.32±0.02 30.36±0.98 3.95±0.22 153.96

Amir abad Cladophora 
glomerata 

16.36±0.3 24.2±0.2 0.3±0.05 23.18±0.27 8.98±0.17 173.14

Khajeh-nafas Enteromorpha 
intestinalis 

13.34±2.41 26.1±1.27 0.71±0.70 24.1±0.41 7.55±4.51 172.25
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The highest lipid content was recorded in E. 

intestinalis (1.62 ± 0.26% DW) at Anzali port and the 

lowest was detected in C. glomerata (0.2 ± 0.03 % 

DW) at Astara. The lipid content of E. intestinalis in 

this study was in agreement with the amount reported 

for E. intestinalis (1.2% DW) by Shanmugam and 

Palpandi (2008) and 1.33±0.20 % DW by Manivannan 

et al. (2009). The lipid content of C. glomerata 

(0.20±0.03- 0.32±0.02% DW) was comparable with the 

previous report described for C. vagabunda (0.66±0.22% 

DW) (Ivanova et al., 2013). These values were less than 

those obtained for Enteromorpha clathrata (4.6±0.17% 

DW) (Manivannan et al., 2009), Enteromorpha 

intestinalis (7.13±1.33% DW) (Chakraborty and Santra, 

2008), Enteromorpha compressa (4.1–4.2% DW) 

(Abdallah, 2007) and Ulva lactuca (5.2 ± 0.4 % DW) 

(Chakraborty and Bhattacharya, 2012). The lipid content 

of the investigated species of red alga (L. caspica) 

ranged from 0.30±0.05% DW in Ramsar to 

0.90±0.14% DW in Sisangan province. These values 

were less than the amount reported for L. intricate 

(1.1±0.0% DW) (Gressler et al., 2010), L. cruciate 

(1.53±0.05 % DW) and L .papillosa (1.73±0.11% DW) 

(Kumari et al., 2010). The variations in lipid contents 

were attributed to either species types or environmental 

factors or a combination of both (Kumari et al., 2010).  

The nutritional values obtained in this research (Table 

2) were comparablewith those of macroalgae, such as 

Cladophora glomerata (158.11 kcal) (Manivannan et al., 

2009), Enteromorpha intestinalis (163.23-298.67 kcal) 

(Banerjee et al., 2009), and Laurencia papillosa (199.37 

kcal) (Mohammadi et al., 2013).  

The fatty acid composition of the three macroalgae 

and the relative percentages of the fatty acids are 

presented in Table 3. The fatty acid content of each 

species was in the following ranges: saturated fatty 

acids (SFAs), 14-81%, monounsaturated fatty acids 

(MUFAs), 0.37%-73% and polyunsaturated fatty 

acids (PUFAs), 1-29%. Similarly to what is 

described in the literature, the most abundant saturated 

fatty acids in all species studied were myristic and 

palmitic acids (Table 3), (Li et al., 2002; Gressler et 

al., 2010; Graeve et al., 2002; Pereira et al., 2012), 

which are physiologically important fatty acids 

(Chakraborty and Santra, 2008). The content of 

myristic acid was the highest in C. glomerata from 

Babolsar (64.20 % of total fatty acids), while the 

considerable amount of palmitic acid were detected in 

C. glomerata from Amir abad (44.28% of total fatty 

acids). Palmitic acid was reported as the major fatty 

acid in Ulva lobata, Chondracanthus canaliculatus 

and Ergrezia menziesii (Nelson et al., 2002). As 

represented by (Gressler et al., 2010) palmitic acid 

accounted more than a half of the total fatty acid 

content for G. domingensis (65.4% of total fatty acids) 

and G. birdiae (56.9% of total fatty acids) and 49.4% 

and 39.7% of total fatty acid in L. filiformis and L. 

intricate, respectively (Gressler et al., 2010).  

The unsaturated fatty acid content of all three 

seaweeds were higher than saturated fatty acids content 

(Table 3), which corresponds with previously reported 

data (Dawczynski et al., 2007). Monounsaturated fatty 

acids predominating the studied species contained 18 

carbons. 9-octadecenoic acid and 8-octadecenoic acid 

were recorded as the major monounsaturated fatty 

acids in the investigated species (Table 3). 8 

octadecenoic acid commonly is one of the major 

monounsaturated fatty acids in macroalgae species (Li 

et al., 2002). This fatty acid has particular taxonomic 

value in Chlorophyta species (Johns et al., 1979). The 

high level of oleic acid in studied algae, make these 

algae a rich source of dietary energy (Vidyashankar, 

and Krupanidhi, 2013). Oleic acid, an omega-9 fatty 

acid found in animal and vegetable oils. It occurs 

naturally in greater quantities than any other 

monounsaturated fatty acid. It lowers heart attack risk 

and artherosclerosis, and aids in cancer prevention. 

Oleic acid may hinder the progression of adrenoleuko 
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dystrophy (ALD), a fatal disease that affects the brain 

and adrenal glands (Rizzo et al., 1986). Oleic acid 

demonstrated high concentration in Ulva rigida and 

Cystoseira crinite as reported by (Ivanova et al., 2013) 

and in Porphyra spp as represented by (Shanmugam 

and Palpandi, 2008). Jamieson, and Reid (1972) 

reported the major 18:1 isomer as 18:1 (n-9) in green 

algae collected from Scotland, and Ackman and 

(Ackman and McLachlan, 1977) found 18:1(n-7) as 

the major 18:1 isomer in the Chlorophyta.  

The polyunsaturated fatty acids display relatively 

low concentration in the three studied species Table 3. 

Table 3. Fatty acid composition given in means ± SD (% of total dry weight). 

 
 
 

Fatty acids 

Astara Anzali Chamkhaleh Ramsar Sisangan Babolsar Amir abad Khaje-nafas
C. glomerata E.intestinalis E. intestinalis L. caspica L. caspica C. glomerata C. glomerata E. intestinalis

Saturated fatty acids 
C7:0 heptanoicacid 

(enanthic acid) 
n.d. 0.17±0.01 n.d. n.d. n.d. n.d. n.d. n.d.

C9:0 nonanoic acid 
(pelargonic acid) 

n.d. 1.88±0.28 n.d. n.d. n.d. 1.00±0.06 n.d. n.d.

C12:0 dodecanoicacid (lauric 
acid) 

n.d. n.d. n.d. n.d. 0.26±0.07 1.13±0.06 n.d. 0.07±0.01

C13:0 tridecanoic acid n.d. n.d. n.d. n.d. n.d. 0.22±0.01 n.d. n.d.
C14:0 tetradecanoicacid 

(myristic acid) 
8.65±0.16 15.02±0.29 10.22±0.20 26.08±0.52 19.02±0.37 64.20±1.53 7.16±0.2 16.43±0.32

C15:0 pentadecanoicacid 1.02±0.06 0.51±0.03 0.33±0.02 0.76±0.04 0.34±0.02 2.88±0.15 0.48±0.05 0.11±0.00

C16:0 hexadecanoicacid 
(palmitic acid) 

n.d. 40.20±0.95 n.d. n.d. 0.35±0.01 n.d. 44.28±0.81 28.40±0.67

C17:0 heptadecanoicacid 
(margaric acid) 

0.321±0.01 0.29±0.01 1.70±0.08 1.40±0.06 1.30±0.07 n.d. n.d. n.d.

C18:0 octadecanoicacid 
(stearic acid) 

0.92±0.05 0.43±0.02 2.03±0.11 2.67±0.13 0.89±0.04 10.49±0.33 n.d. n.d.

C20:0 eicosanoicacid 
(arachidic acid) 

n.d. n.d. n.d. n.d. 12.51±0.3 n.d. n.d. n.d.

C21:0 heneicosanoicacid 
(heneicosylic acid) 

2.52±0.80 0.40±0.20 n.d. n.d. n.d. n.d. n.d. n.d.

C22:0 docosanoicacid 
(behenic acid) 

0.65±0.05 0.18±0.01 0.44±0.03 n.d. n.d. 0.69±0.04 n.d. n.d.

C24:0 tetracosanoic acid 
(lignoceric acid) 

 

n.d. 0.06±0.01 n.d. n.d. n.d. 0.89±0.07 n.d. 0.04±0.01

Monounsaturated fatty acids 
C11:1n-1 10-undecenoicacid 

(10-hendecenoic acid) 
n.d. 0.05±0.00 n.d. n.d. n.d. n.d. n.d. 0.08±0.01

C16:1n-7 9-hexadecenoicacid 
(palmitoleic acid) 

 

13.52±0.25 12.07±0.19 16.33±0.30 19.14±0.35 1.30±0.02 n.d. 5.65±0.18 9.33±0.23

C16:1n-9 7-hexadecenoicacid n.d. 0.16±0.01 n.d. n.d. n.d. 0.37±0.02 n.d. n.d.

C16:1n-5 11-hexadecenoicacid n.d. 0.12±0.01 n.d. n.d. n.d. n.d. n.d. n.d.
C8:1n-8 8-octadecenoicacid 28.28±1.69 17.79±0.85 23.58±1.32 25.36±1.50 11.74±0.68 n.d. n.d. n.d.
C18:1n-9 9 octadecenoicacid 

(oleic acid) 
20.71±1.65 4.24±0.26 33.09±2.54 7.62±0.43 1.80±0.10 n.d. 13.19±0.31 28.06±2.30

C20:1n−9 11-eicosenoicacid n.d. 0.41±0.05 n.d. n.d. n.d. n.d. n.d. n.d.
Polyunsaturated fatty acids 

C16:2n-6 7,10-
hexadecadienoicacid 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.46±0.06

C16:3n-3 4,7,10-
hexadecatrienoicacid 

n.d. n.d. n.d. 1.13±0.09 n.d. n.d. n.d. 0.59±0.08

C17:3n-3 5,8,11-
heptadecatrienoicacid 

12.61±1.58 2.85±0.28 6.85±0.62 n.d. n.d. n.d. n.d. 8.82±0.70

C18:2n-6 9,12-
octadecadienoicacid 

(linoleic acid) 

8.19±0.82 2.65±0.35 5.37±0.90 3.88±0.45 n.d. n.d. 23.55±2.11 6.07±0.92

C18:3n-3 9,12,15-
octadecatrienoicacid 

(α-linolenic acid) 

1.12±0.12 
 

0.12±0.06 n.d. n.d. n.d. n.d. 5.65±0.15 1.10±0.11

C18:3n-6 6,9,12-
octadecatrienoicacid 

(gamma-linolenic 
acid) 

n.d. 0.28±0.01 n.d. n.d. n.d. n.d. n.d. n.d.

C20:3n-3 11, 14, 17-
eicosatrienoic acid 

n.d. n.d. n.d. n.d. n.d. 18.07±0.91 n.d. n.d.

C20:4n-6 
 

5,8,11,14-
eicosatetraenoic acid 

(arachidonic acid) 

1.43±0.04 n.d. n.d. 11.91±0.33 1.75±0.05 n.d. n.d. n.d.

ΣSFAs 14.10±2.31 59.18±11.08 14.74±2.72 30.92±6.91 34.69±5.78 81.54±17.02 51.93±11.83 45.06±8.4

ΣMUFAs 62.52±11.48 34.86±6.85 73.02±13.37 52.12±10.19 14.84±4.05 0.37±0.13 18.85±4.80 37.48±10.00

ΣPUFAs 23.37±4.60 5.91±1.20 12.23±2.72 16.94±3.80 1.75±0.58 18.07±6.02 29.20±7.84 17.06±3.24
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5,8,11-heptadecatrienoicacid and linoleic acid were 

the major polyunsaturated fatty acids detected in green 

algae, C. glomerata and E. intestinalis. Similarly 

Pereira et al. (2012) introduced linoleic acid as the 

main polyunsaturated fatty acid of most 

Chlorophytes. Almost all of the required long chain 

unsaturated fatty acids are synthesized by vertebrates 

through several elongation and desaturation steps 

(Schmitz and Ecker, 2008), the exceptions are α-

linolenicacid (ALA) and linoleic acid (LA). These 

precursors for the biosynthesis of all other n-3 and n-

6 PUFA cannot be synthesized by vertebrates and 

must, therefore, be present in diet, hence their 

classification as essential (Pereira et al., 2012). 5, 8, 

11, 14 eicosatetraenoic acid (arachidonic acid) was 

recorded as the major polyunsaturated fatty acid in 

Laurencia caspica, which is usually the most 

prevalent polyunsaturated fatty acid in red algae. 

Previous published data showed high composition of 

arachidonic acid as one of the primary fatty acids in 

red algae (Li et al., 2002; Dawczynski et al., 2007; 

Galloway, 2012). Arachidonic acid, an omega-6 fatty 

acid supports brain and muscle function and 

promotes inflammation. This fatty acid is one of the 

vital components of cellular metabolism and 

precursors in biosynthesis of regulatory molecules such 

as prostaglandins, thromboxanes and other eicosanoids 

in cells. Also, along with other C:20 polyunsaturated 

fatty acids, such as eicosapentanoic acid and a 

docosahexanoic acid forms the major components of 

phospholipids in the cell membranes of nervous tissue 

of brain (Khotimchenko and Gusarova, 2004).  

Conclusion 

In conclusion, the macroalgae analyzed in this study 

had low lipid and high carbohydrate and protein 

contents. Although, the results of chemical composition 

analysis demonstrated that the three species can be a 

potentially good source of protein and carbohydrate, 

more study is needed to evaluate the nutritional value 

of macroalgae as food ingredients. 
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