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Abstract

In this study, 6 taxa from the Chlorophyta , Phaeophyta and Rhodophy collected from different stations at north —
west of Arabian Gulf , Iragi coast . A total of 120 samples from these seaweeds were used to measure the proteins,
carbohydrates , lipids , vitamins , chlorophylls , total phenols and total carotenoids . In addition to lipid- soluble and
water- soluble antioxidant . The red seaweeds B.fuscopurpura and E.carnea were showed high moisture content (
85 % and 87 % ) , low ash ( 18.88 % and 20.45 % ) , low carbohydrate ( 22.12% and 20.22% ) , low lipids ( 2.55%
and 2.48% ) and low vitamins E and C . E.carnea, showed the lowest pigments contents as well as phenolic content
(2.5 ppm) , lipid — soluble antioxidant ( 78.34 uM BHT/g ) and total antioxidant capacities ( 33.5 uM AAE/g ) .
While E. carnea contained more protein (7.26% ) than the other studied seaweeds . The highest ash contains (
31.1%), vitamin E (20.12 1U) and phenolic content were recorded in the green seaweed E. Compressa, while
Highest carbohydrate ( 38.77%), vitamin C ( 4.92 1U) and water soluble ( 52.12 uM AAE/g) were recorded by the
brown seaweed G. mitchellae . The green seaweed C.glumerata showed highest lipid contents ( 7.63%) , chlorophyll
a (0.721 mg/qg), lipid soluble ( 1.25.66 uM AAE/g) and total antioxidant capacities ( 77.8 uM AAE/Qg), in the same
time the highest carotenoides contents were found in the brown seaweed E. cofervoidex. There are no previous
records on the chemical composition or nutritional values of Iragi seaweeds so far, so this research focused on this
side for the first time and open apportunities for further investigations of other seaweeds to evaluate their

consumption as nutritional valuable food and medicinal products .

Introduction

Seaweeds are important sources of macronutrients such as protein , fibre , carbohydrates , lipids, minerals and
vitamins , beside that they are important bioactive compounds [1,2] . Seaweeds have been showed as being

important for human and animal health [3]. Seaweed is use as humane food in most Asian countries especially
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Japan. Approximately 25% of all food consumed as sushi wrappings , seasonings , condiments and vegetables and

has considered a main income source for the fisherman [4]. Seaweeds are also sources of thickening and gelling
agents for various food and pharmaceutical industries . Seaweeds are also used in animal feed, cosmetics |,
medicine and fertilizers [5,6] . 221 seaweed species are being used throughout the world [7] 66% of them are used
for food in far East . In Western countries the consumption of seaweed are increasing, approximately 15- 20 of the
seaweeds are being marketed for consumption . Many workers were studied the biochemical and nutritional

composition of various seaweeds from different parts of the world such as [5,6,8,9,10,11,12,13,14,15] .

FAO has announced that the annual global aquaculture production of marine algae is around 6.5 x 106 tons
[3]. Microalgae culture has been replaced by macroalgae as food for fish larvae . In Iraq , seaweeds are not cultured
for nutrition , and commercial harvesting or as animal foods . However , no published report on the chemical
composition of the seaweeds in Iraq has been made . As the chemical compositions of seaweeds showed different
respond to different geological and environmental factors [7] , so it is important to investigate on nutrient
composition of some seaweeds of the Iraqgi coast of Arabian Gulf to evaluate them to be used as highly nutritious

food sources for human, animal and medical applications .

Material and Method

Algal samples preparation

Six seaweeds species( 2 Chlorophyta ,(2) Phaephyta and (2) Rhodophyta were collected from six stations along
the coastal area of north-west Arabian Gulf, Iragi side Map 1 .The species collected are: Chladophora glomerata(L.)
Kg., Enteromorpha clatherata(L.) Kg., Ectocarpus cofrcoidex (Roth) Leyotis., Griffordia mitchellae(Harv.) Hamel.
,Bangia fuscopurpurea ( Dillw.) Lyngbye., and Erythrotrichia carnea (Dillw.) J.Ag. After collection , the seaweeds
samples were cleaned with seawater to remove epiphytes and transported directly to the laboratory in an ice cooler
box to maintain low temperature and moisture . The samples were identified , clean with distilled water and dried to
remove excess water . The moisture and ash of the fresh samples were dried in the oven at 40 °c. The dried samples
were grounded into fine powder for( 5 min. ) reaching a constant weight before being stored in a freezer at -20°c

for further analysis.
Biochemical composition

Seaweeds total protein was determined by the Lowry method [16] described by Ozyilmaz . The total carbohydrate
was measured as mg g-ldw. by the Phenol-Sulphuric acid method described by [17] using extraction with hot
ethanol [18]. Total phenolic was determined by the Folin-Clocalteu method . Pigments extraction was extracted in
methanol, at 4¢c , for 20 h. Chlorophyll a ,b and total carotenoid were determinate as described by Durmaz [19].
lipid was measured according to Kumari[20]. Vitamine E was calculated by the method described by Celikler [21].

Vitamin C was extracted with 10% trichloro acetic acid and measured according to Sauer et al[22].

The lipid and water-soluble were extracted as described by Celickler [21]. [23] procedure were used to extract
lipid — soluble antioxidant . which expressed as standard butyl hydroxyl toluene equivalents (BHT), while the

water-soluble antioxidant of the seaweeds samples were measured by using phosphor molybdenum reagent. The
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antioxidant activity is expressed as L-ascorbic acid equivalents (AAE) [23] . Total antioxidant was measured by

extraction with methanol using molybdenum reagent and expressed as L- ascorbic acid equivalents (AAE) [23].

Statistical analysis

The data are recorded as mean * standard deviation (SD). Correlation and regression analysis were carried using
Microsoft Excel 2003 to analyze significant relationship between the biochemical compositions. According to

Mahmoud et al,2009 the P-Values < 0.05 were considered statistically significant .

Results and discussion

Moisture and ash contents of different seaweeds samples are shown in Table 1 and illustrated in Figl . The
moisture content ranged from 80.3 % in the green algae C.glumerata to 87.1 % in the red algae E.carnea .Ash
contents percentage were different in dirrerence seaweeds species (Table 1). The highest ash contents of 35.1% and
32.2 % were recorded in the green algae E.compressa and C.glumerata respectively ,while the lowest ash contents

were recorded in the red algae B.fuscopurpurea.

[24]were reported 88.5% moisture contents in the brown algae Colpominea sinuosa from Iran. In the present
work Moisture contents ranging from 81.8 to 83.8 % in the brown algae E.confervoides and G .mitcrhellae which is
lower than the amount recorded by these workers for other brown algae. [25] had recorded moisture content up to
91.53 % in his study on the green alga Caulerpa racemosa, from India, compared with 80.2 to 82.8% in the present
study. [26] explained the high level of ash contains in the marine algae to the presence of inorganic compounds
especially mineral elements such as Ca, Mg, P, Na, and K or trace elements such as Zn, | and Mn. [27] showed that
the cell wall of marine macroalgae composes of polysaccharides and proteins containing anionic carboxyl, sulfate,
and phosphate groups which are regarded as available binding sites for metal . Ash content was in the range of 28.1
- 39.28 % in C.sinuosa from Iran [24]. In P. pavonia the ash contents was 33.08 % [27]. Ash content of the studied
seaweeds (18.88-35.1%) was found higher than C. racemosa from India with 15.51% [9] and less than what was
found by Renaud and [5], for C. racemosa from Australia which was in the range of (42.2 — 47.0 %) . [28]
explained The differences in ash content by the types of processing and mineralization methods as well as to species

differences because of geographical locations, and environmental conditions.

Table 1 represented the carbohydrates contents of the selected seaweeds studied and are illustrated in Figl. A wide
range in carbohydrate contents was observed (20.22 — 38.77 %) with the highest values recorded in the brown

algae G.mitchella and the lowest in the green algae E.carnea

(Fig.1). The carbohydrate levels in this study are higher than those reported by Shams El Din and [29]for Egypt,
recording 6.93 %;[32] for C. racemosa of India (9.4 %) and for C. racemosa from Australia( 14.7 to 16.6 %) [5].
The carbohydrate contents of C. racemosa were found to be 41 % by [6] and 48.95 % by [27], which is relatively in

the range of this study for the brown algae.

Lipid contents are presented in Table 1 and shown in Fig.1. In the present study ,the highest values were found in
the green algae C.glumera with 7.63 % which is in the range for Laurencia pipillosa (6.73%) from Egypt [30] and
the lowest value were in the red algae E.carnea( 2.48 %). [8] found that the lipid content of the red alga P.

capillacea from
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Fig.1 : Moisture, Ash, Carpohydrate, Lipids and prptein of the studied seaweeds

Egypt were in the range of 1.76 - 2.71 % which is in agreement with the values for the red algae in this study and
higher than the amount given by Shams EI Din and [8] for C.simosa. Nirmal Kumar [27] recorded lipid contents in
the range of 2-15% for Phaeophyta followed by 0.8-3-5% for chlorophyta and 0.45-0.85% for Rhodophyta which is

in disagreement with the present study.

Protein contents of the studied algae are shown in Table (1) and illustrated in Fig. 1. The protein contents ranged
from 2.8 % in the green algae C.glumerata to 7.26 % in the red algae E.glumerata (Fig.1).. protein content of P.
pavonia were studied by some workers from different places as Red sea of Egypt [8] who recorded a value of
(8.35%) and Iranian side of Arabian Gulf (11.83 %) [28], from India by Manivannan [31] who recorded( 13.63)
while a values of 35.4 % was recorded in P. pavonia from northeastern Mediterranean Coast of Egypt (Polat and
Ozogul, 2009), (14.37 - 23.72 %) for P.capillacea from Alexandria Coast [9], and (24.8 %) for C.racemosa from
India [32]. The protein contents showed different values with different species and groups of macroalgae.
According to the work of [33] , the seaweeds were rich in protein in the order of
Rhodophyta>Chlorophyta>Phaeophyta , while the order of protein richness in the present study showed the
following pattern Rhodophyta> Phaeophyta> Chlorophyta.

Seaweeds are rich in vitamins such as vitamins A, B1, B12, C, D, and E, riboflavin, niacin, pantothenic acid, and
folic acid. Their amounts varies according to seasons and environmental conditions [34]. As shown in Fig2, vitamin
E content of E.compressa (20.02uM/g) was the highest among the studies algae and higher than values given by
Santos et al., (2015) for the green alga Codium tomentosum (0.051uM/g) from Portuguese Coast. Vitamin C
contents were in the range of 1.77uM/g for the red alga E.carnea and 4.92uM/g for brown alga . G.mitchellae.
Chakraborty and Bhattacharya (2012) recorded vitamin C value of 1.70uM/g for C. racemosa which is in

agreement with this study for red algae and lower than vitamin C level in the brown algae (Table.1).
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Fig.2 : Vitamin C, vitamin E and phenol of the studied seaweeds

Phenolic compounds is one of the stress compounds that inter in protective mechanisms of biotic and abiotic
factors and antioxidant to delay peroxidation by transfer a hydrogen atom to lipid peroxyl cycle [11]. The phenolic
contents of the studied algae varied among the algal groups, the highest values were recorded in green algae (4.0 and
4.2 mg GAE/g ), and the lowest values in the brown algae E.carnea ( 2.5 mg GAE/g) (Fig.2). These results are in
agreement with the study of [19] for C. sinuosa from Turkey, which showed phenolic content of 3.4 mg GAE/qg,
however it is higher than what was observed for the brown alga
Sargassum muticum (0.499 mg) by Rodrigues. [35] Martins reported higher Phenolic values of 85.30, and 18.80 mg
GAE/qg for C. sinuosa and P. capillacea, respectively from Brazilian Coast. Khairy and EI-Sheikh, recorded 7.5 mg
GAE/ g of phenolic contents in the red alga P. capillacea from Alexandria which is three times the amount of this
study. Phenolic contents of 61.69 mg PGE/g were recorded by Kumar for C. racemosa from India, while 19.8 mg
GAE/g were reported for C. racemosa from Malaysia [10] which are regarded higher than the present study values
(Table 1).

The pigments contents are shown in Table 1,Fig3. The chlorophyll a contents ranged from 0.222 to 0.721 mg/g dry
weight and chlorophyll b from 0.037 to 0.194 mg/g . Total carotenoids varied between 1.332 to 5.711 mg/g . The
highest chlorophyll a and chlorophyll b contents were found in the green alga C. glomerata (Tablel),while the
highest carotenoids were found in the brown alga E.covervoides. Carotenoids have been reported as effective
antioxidants in a number of ways. [36,24]Shams El Din and El-Sherif had reported chlorophyll a (0.487mg/g) for
C.racemosa from Egypt. Indian C. racemosa showed values of 2.50 mg/g for chlorophyll a, 0.73 mg/g for
chlorophyll b, and 0.017 mg/g for carotenoids[33].

Ragonese et al.( 2014) recorded high carotenoids contents of 121.4 mg/g and 60.9 mg/g in P. sinuosa (12.1 mg/g)

from Iranian side of the Arabian Gulf than test algae.
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Fig.3 : Chlorophyll a, chlorophyll b and total carotenoids

Antioxidants are compounds used as protectors against oxidation in food and cosmetics and they have potential to
counteract several diseases[4]. powerful antioxidants are many, such as Proteins, chlorophyll derivatives,
carotenoids, nitrogen-containing compounds, vitamin E, phenolic compounds, vitamin C, glutathione, uric acid, and
sulfated polysaccharides [16]. Table 1, Fig 4 showed the antioxidant capacity of the studied algae. As indicated
from the results, the lipid-soluble compounds showed higher antioxidant capacity (78.34 - 120.66 uM/g) than that of
the water-soluble ranging between 23.38-52.02 uM/g.

The antioxidant capacity of C.glumerata with high Lipid-soluble and low water-soluble (Tablel) may be related to
the high lipid content [22]. Same finding was recorded for Sargassum vulgare from Lebanese Coast [22].The brown
alga G. mitchellae exhibited relatively low antioxidant activity for lipid-soluble extract while showed the high
activity (52.02uM/g) for water-soluble compounds. These findings could be explained by the existence of
quantity of water-soluble constituents such as sugars, glycosides, phenolics and tannins in the seaweed [15]. The

water-soluble showed no correlation with Total oxidant (r*=0.17).
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Fig.4: Lipid soluble , water soluble and total antioxidant of the studied seaweeds.

The marine seaweeds are surrounded by a lot of stress factors such as high irradiance, temperature, and salinity
which encourage them to produce antioxidants to resist these factors [11]. the total antioxidant activit found in this
study, ranged between( 31.7uM AAE/g and 77.8 uM AAE/g) (Table 1,Fig4).The green alga C. glumerata showed
highest total antioxidant value while the red alga B. fuscopurpurea showed the lowest one .[21] indicated that the
total antioxidant of the of different species of Caulerpa was between 2.38 and 4.20 which is very low comparing
with this study. On the other hand Ganesan indicated wide range of total antioxidant (1.76-181.75 uM AAE/g
)found in the red algae Euchema kappaphycus, Gracilaria edulis and Acanthophora spicifera compared with the
present results of the red algae.. There is agood correlation between the total antioxidant of the studied seaweeds
and the phenolic contents (r* = 0.679) (Table2). Similar findings were recorded for the brown algae Stypocaulon
scoparium [37], Sargassum pallidum [38], P. Pavonia [22], and red alga Rhodomela confervoides [39]. Different
findings were recorded by [40] for the brown algae; Sargassum siliquastrum, Sargassum vulgare and Pangestuti and
[41] for the green algae; E nteromorpha prolifera, Enteromopha intestinalis, Cladophora vagabunda). It has been
proved by many workers that there are many constituents, which may affect the antioxidant capacity like
chlorophyll a, carotenoids, flavonoids and Lipids [41,40].The strong positive correlation (r* = 0.90) obtained
between total antioxidant capacity and lipid content agreed with the finding of Khaled [42] for S. vulgare extract.
[36] proved that lipid-soluble compounds are the most antioxidant material recorded and the water-soluble
antioxidants assist their lipid-soluble. Chlorophyll a besides phenolic compounds were showed as a strong
antioxidant in the green alga, E. prolifera [42], which is in agreement with the results obtained in this study. The
correlation between total antioxidant activity and chlorophyll a (r>=0.79), and chlorophyll b

(r*=0.92),were significant , while total caratenoides showed no correlation with total antioxidant (r’=09) ( Table 2).
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Table. 1: Biochemical composition of the studied seaweed

ISSN 2410-2598

E.carnea B.fuscopurpurea | G.mitchellae | E.coferoidex | E.compressa | C.glumerata
87.1+0.67 85.0+0.01 83.8+0.97 81.8+0.82 82.8+0.99 80.3+1.92 Moisture %
20.45+0.04 18.88+0.01 30.8+0.76 25.6+0.51 35.1+2.21 32.2+1.2 Ash%
20.2246.11 22.12+3.66 38.77+5.87 37.6+4.28 26.22+3.32 28.1246.18 Carbohydrate
%
2.48+0.78 2.55+0.66 3.89+0.99 451+1.22 5.45+0.79 7.63.20.08 Lipid %
2.5+0.01 6.45+0.44 4.88+0.33 5.76+0.43 3.2240.33 2.81+0.42 Protein %
7.2610.41 2.8+0.01 3.1+0.02 2.8+£0.01 4.02+0.06 4.0£0.05 Phenol (ppm)
1.77+£0.29 2.11+0.17 4.92+0.26 4.2240.52 3.44+0.34 2.87+0.52 Vitamine C
(Y)
5.29+1.43 7.58+2.12 10.88+1.41 11.12+0.31 20.02+0.19 2.87+0.52 Vitamine E
(V)
0.277 £ 0.02 0.222 £0.01 0.382+0.01 | 0.333 £0.01 | 0.671 £0.01 | 0.721+0.03 Chlorophyll a
(mg/g)
0.079+0.01 0.088 + 0.01 0.119+0.03 | 0.136 £0.02 | 0.198 £0.02 | 0.24 £0.01 Chlorophyll b
(mg/g)
1.332£0.02 1.882+£0.19 4971+0.03 | 5711 £0.27 | 3422 £0.19 | 255 +0.13 Total
carotenoid
(mg/g)
78.34 £5.22 80.67 £ 3.13 85.59 +£2.63 | 88.18 +7.25 100.75 + 120.66 + Lipid soluble
1.23 0.91 (ULMAAE/q)
34.82 + 3.66 39.82 £ 0.67 52.02+3.45 | 4551 +0.53 | 23.38 £0.77 | 28.44 £0.94 | Water soluble
(LMAAE/qg)
335149 31.7x7.0 46.6 +1.3 55.2 £4.2 58.7 £34 778 £0.2 Total
antioxidant
(UMBHT/g)

Table. 2: The relations between Chlorophyll a, Chlorophyll b, Total carotenoids, Lipid soluble, Water soluble and
Phenolic contents with Total antioxidant components of the studied seaweeds.

Linear equations

R2

Variances

Chla=0.0108(TA) - 0.1135

R?=0.7918

Chlorophyll a and Total antioxidant (TA)

0Chlb = 0.0035(TA) - 0.0357

R? = 0.9264

Chlorophyll b and Total antioxidant (TA)

TC = 0.0305(TA) + 1.7707

R?=0.0919

Total carotenoid (TC) and Total antioxidant (TA)

LS = 0.8754(TA) + 48.086

R?=0.9019

Lipid soluble (LS ) and Total antioxidant (TA)

WS = -0.2547(TA) + 50.215

R?=0.1702

water soluble (Ws) and Total antioxidant (TA)

P = 0.0312(TA) + 1.6273

R?=0.6793

Phenol (P ) and Total antioxidant (TA)
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Map 1: Sampling stations of the studied aria.
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