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Introduction

Among all marine organisms, seaweeds are considered as one of the sources of bioactive compounds.
The most important compounds found in brown seaweed include phenolic compounds,
polysaccharides, polyunsaturated fatty acids, proteins, peptides, pigments, vitamins, terpenoids and
sterols (Sadeghi et al., 2024). Phlorotannins are compounds containing a benzene ring with one or
more hydroxyl group substitutions, which are found only in brown seaweeds. So far, more than 150
algal polyphenol structures have been reported (Asaduzzaman et al., 2020). Reports indicate that these
compounds have several medicinal properties such as antimicrobial and antioxidant (Milledge et al.,
2015). Phycocolloids or hydrocolloids are another group of bioactive compounds found in brown
seaweeds. The most important hydrocolloids found in seaweeds include alginate, agar, and
carrageenan (Cmikova et al., 2022). Sargassum cristaefolium and Nizimudinia zanardinii are brown
seaweeds species with good distribution on the southern coasts of Iran that can be considered as
potential options for investigating the presence of compounds with antioxidant and functional
properties. Therefore, the objectives of the present study included 1) extraction of bioactive
compounds (including phenolic compounds and alginate) using different solvents and 2) investigation
of the extraction efficiency and antioxidant properties of the extracted compounds.

Methodology

Brown seaweeds S. cristaefolium and N. zanardinii were collected from the Chabahar coast, washed
and dried in the shade. Extraction was performed using methanol (100%, 70%, and 30%), ethyl acetate
(100%, 70%, and 30%) and water (100%) and the extraction yield, phlorotannins content, DPPH free
radical scavenging activity and copper chelating ability of different extracts were measured. To purify
phenolic compounds in N. zanardinii, the methanol extract was fractionated using chloroform,
dichloromethane and ethyl acetate solvents. Alginate was extracted using distilled water and the
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residue obtained from the extraction in the previous section was used for extraction. Total phenol
content was measured based on the standard phloroglucinol (PHG) and using the Folin-Ciocalteu
indicator. DPPH free radical scavenging activity was measured according to the method of Shimada et
al. (1992). Cupric chelating ability of different extracts was measured according to the method
mentioned by Wong et al. (2006).

Results

In S. cristaefolium, among the different treatments, the highest extraction yield was obtained in 70%
methanol solvent (5.50 g/100 g), while in N. zanardinii the highest yield was in 100% methanol
solvent and equal to 43.6 g/100 g seaweed. The extract yield in N. zanardinii was higher than S.
cristaefolium in most treatments. In both seaweeds, the highest phlorotannins content was observed in
100% ethyl acetate treatment and the lowest in 100% water treatment. The highest DPPH scavenging
activity was obtained in 100% ethyl acetate treatment of N. zanardinii at 84.38%. The lowest DPPH
scavenging activity was observed in 100% water extract. Among the different fractions, the highest
extraction yield by weight was associated with the ethyl acetate fraction (2.54 g). The highest amount
of phlorotannins, i.e. 19.14 mg phloroglucinol/g extract, was found in the ethyl acetate fraction, while
the lowest amount (1.35 mg PHG/g) was found in the chloroform fraction. The highest radical
scavenging activity, 98.95%, was found in the ethyl acetate fraction. When comparing the fractions
with the first extract, only the cupric chelation rate in the ethyl acetate fraction (73.44%) was higher
than in the first extract (43.45%), and lower chelating ability was observed in the other fractions.
Discussion and conclusion

In the present study, organic solvents in pure form were more effective than those mixed with water in
both S. cristaefolium and N. zanardinii. These results are in agreement with the study of El-Sheekh et
al. (2023) who reported that the extraction yield and antioxidant properties varied depending on the
type of solvent and seaweed species, and in most species, the highest yield and antioxidant properties
were in methanol extracts. The results of purification of the first extract of N. zanardinii using
different solvents showed that the ethyl acetate fraction had a higher phlorotannins content, DPPH free
radical scavenging activity, and cupric chelating ability than other fractions. Previous studies show
that ethyl acetate has a better ability to separate phenolic compounds, especially phlorotannins, from
the first extract compared to other solvents (Sadeghi et al., 2024). Therefore, it seems that the higher
antioxidant properties in this fraction were due to the accumulation of polyphenols in it (Chakraborty
et al., 2015). In the present study, the amount of alginate extracted from N. zanardinii was higher than
in similar studies and the extracted alginate had a good ability to chelate cupric ions. This property
was probably due to the high ability of alginate to form gels and subsequently increase the viscosity of
the solution and trap ions (Jayakody et al., 2020). In general, the results of this study showed that the
type of solvent had a significant effect on the extraction yield of phenolic compounds and alginate
from brown seaweed, and the amount of these compounds and their antioxidant properties varied
depending on the species and extraction conditions.
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Figure 1: Extraction yield (gram/ 100 gram seaweed) from brown seaweeds Sargassum cristaefolium and
Nizimudiana zanardinii (MeOH: methanol, H2O: water, WtyAc: ethyl acetate)



YY (V) VE-Y Ol edlad sale alas

lao,lac ;o iligsls lie Sz g0 ya 40 Wl
50 0 YL Jeilbe a4 connd Slal st b (o)l
2 b Pl ol [0 ilig)sld i (Sl g0 anglas

S. cristaefolium 4 cos N. zanardinii il

g 5L

12 -

Phlorotannins (mg PHG/g extract)

W Sargassum cristaefolium

3 JsimdlSe ol oS (e com n Gligyeld Ol
S. cristaefolium gloged slocSd> calies (sloo lac
250 el o ools Les ¥ JSs o N zanardinii 4
bl Jil Jles 5o Guilig old Glime 23Vl Sl g0
oy Voo Ol Jles jo ol pyieS g deys Ve
el s st Plo 5 amlin 155 51 05 canlie

d

B ANizimudiana zanardinif

MeOH100% MeOH70% MeOH30% H20100% EtyACl00% EtyAc70%  EtyAc30%

Solvent

Sargassum sloged b Sil> Glizo sbojlac )0 (o lac £,/ JomwalSe)old o35 L) cyuiligyeld oyl 3o :Y JC&
(bl w1 :EtyAc o7 :H20 «Jgilio :MeOH) Nizimudiana zanardinii g cristaefolium

Figure 2: Phlorotannin content (milligram Phloroglucinol/ gram extract) in the extracts of brown seaweeds
Sargassum cristaefolium and Nizimudiana zanardinii (MeOH: methanol, H2O: water, WtyAc: ethyl acetate)

as ol las Golejl 0,50 slaaiss 3 P> goi b
S. cristaefolium b awslis ,o N. zanardinii <l
Vo) Al S 4 Jsitie 5 old sl slo o
A T L T bl oS5 b anlie o (aoys
L doiolosl aslol cgycnl 5 ol anils s e 2,8
Coow 5 0992 Ol vres )0 (S bl 4 ax g
5 eslital b oasbiol L3l b anglie o Jgilie siaS
28,5 sl N. zanardinii 4s8 g ooy Ve v Jsilio
adl ojlac )l Gilise slagpasTp Jlasel ol
obgy ) eslatw!l L N zanardinii > Jgibe
o 5o iz gla M SeS' L 5 mle-mle gl 5l
3 etz gl piSTE Gl o ol ouls ools ylis ¥
Jol 2518 b L e gl il Gl VL (539 S
RYVIPSC R 073 SN FOUNPURIE EO

\Al

sleolac ;o (ao,0) DPPH o1 JISGol, ke Olyee
S, Glgd slld> 5l sosl Cawsa calize
ools las ¥ IS 4o N. zanardinii 4 cristaefolium
30 a0 ATIYA e 4 lae liae o 5YL Ll ool
N. zanardinii > ao,e Voo bl 51 ks
S. Sl )l el laeslas o okl casows
ojlas ;0 e olme op YL s cristaefolium
FoIEY Glpe 4 aoje Voo Gl sl b el
Slolas (P> g0 awwlie 0 W05 Cld wsy
Sy Sl s a s skl sl L el
Sl g0y 0 axaly o1 Gl Sl 5 (65 i
Voo STl il glaojlas 5o Jles Gl G ieS
o jlos olod ;o isS g5 i 5l 0u0 5 cdnlie vy
S. & cews N zanardinii o ofj1 JIGol, e oyljee

54 YL cristaefolium



s gloaiel a0l Glse o s g sl

bl 5 olds i

90
80 b

60 | b d

40 -
30 - d
20 -

DPPH scavening activity (%)

10

50 + e

B Sargassum cristaefolium

70 - B Nizimudiana zanardinii c

MeOH100% MeOH70% MeOH30% H20100% EtyAC100% EtyAc70% EtyAc30%

Solvent

g Sargassum cristaefolium gloged b Sl ilise o las 15 (wuoy3) DPPH of3T JIoly jlew oyl o ¥ S
(bl Jus1 EtyAc .1 :H20 (Jgilo :MeOH) Nizimudiana zanardinii

Figure 3: DPPH radical scavenging activity (percentage) in the extracts of brown seaweeds Sargassum cristaefolium
and Nizimudiana zanardinii (MeOH: methanol, H20: water, WtyAc: ethyl acetate)

7 4

w F-Y (%]
I I 1

Yield (g/100 g seaweed)
N
1

b
C
- I
0 B .

First Ex Chl Fr

DcM Fr EtyAC Fr Aq Fr

:First Ex) Nizimudiana zanardinii Sul>  J4ila o lac 31 Glicko oS ,8 (Sdo p,5 100 50 0,8) Jlaziw! (e :F JSCi

(2 o138 :Aq Fr o bl Jus| (S T 33 EtyAC Fr « giliog yl5' 60 ¢3S y3 IDEM Fr ¢ o0 435 05" (51,8 :Chl Fr cadgl o jlas
Figure 4: Extraction yield (g/ 100 g seaweed) of different fractions from methanolic extract of Sargassum
cristaefolium (First Ex: First extract, Chl Fr: Chloroform fraction, DcM Fr: Dichloromethane fraction, EtyAC Fr:
Ethyl acetate fraction, Aq Fr: Aqueous fraction)

ol oS8 8 ojlas 05 )3 JoimslS0ld 05 oo
D) 5] oliae cyieS 45 olo cubls 252y bl
el p25158 5l a0 S cad (e B9,lS (525158 50
4 Comd aSTE plo jo 5uls,l ol (Sl

g1 S (¥R Jgilio asl o las

OGS 0 i gl Al Gl e ok asldl o

20,5 osalive (o0 99,IS 5 Slieg IS (63 ¢ o]
P55 3 JomslSoysls o5 L) (uiligysls lade
olas 5l (il dalize slapisls o (o)las
sols las & JSo ,o N zanardinii Sil> Jsilie

VANVE  om oiboyls lie oYLl ond

Yy



FY () VY ool et sale dlas

25 -

20 -

15 4

Phlorotannins (mg PHG/ g extract)

b
10
c
5 4
d d
0 e | O
First Ex Chl Fr DcM Fr EtyAC Fr Ag Fr

Nizimudiana Solor Jgilia o jbas 5| iliza s i1 (o30as 0,5 30 JoamslSy ol 05 o) s ol 50 10 JSi
o bl s (5iST1 )8 (EtyAC Fr ( Gliog JlS 60 (ST 58 :DEM Fr (0,89 IS (1 iS51,5 :Chl Fr «adgl o ,Lac :First EX) zanardinii

(T oyiuST1,3 :Aq Fr

Figure 4: Extraction yield (gram/ 100 gram seaweed) of different fractions from methanolic extract of Sargassum
cristaefolium (First Ex: First extract, Chl Fr: Chloroform fraction, DcM Fr: Dichloromethane fraction, EtyAC Fr:

Ethyl acetate fraction, Aq Fr: Aqueous fraction)

sloass o o)1 JSGol, Jle olie aslsl jo cusls cilize slocaSTs 0 DPPH of5T JISGol, jlee ol5me
DYDY ply cudjar cadgls 5 ol (Slieg S g0 , N zanardinii > Jgilbe ojlac 51 1,50l
o,lac 4 Cad 45 A (5 S ojlul oo O/AA 5 \YIES IS0ty slae e op YL sl oals ools ylas £ s
g1 yiaS (3o VYITY) Jgilis sl sy el sl 5aSTE o aoys A lade 4
120 -
a
100 -
£
E 80 - b
Eﬂ
% 60 - c
x
8 40 -
o]
20 - d
e

First Ex Chl Fr DcM Fr EtyACFr Ag Fr

First ) Nizimudiana zanardinii Sul> gl o las j| cilizeo o pinSTy8 10 (a0 ,3) DPPH of3T JG 1y sl ol w0 8 S

(2T oriaS1 58 :AQ Fr o 5liwol Sl ¢3S y3 EEtYAC Fr ¢ iliog oI5 65 (ST 43 DEM Fr ¢ o0 599 IS (ST 3 :Chl Fr cadgl o las :Ex
Figure 6: DPPH free radical scavenging (percentage) of different fractions from methanolic extract of Sargassum
cristaefolium (First Ex: First extract, Chl Fr: Chloroform fraction, DeM Fr: Dichloromethane fraction, EtyAC Fr:
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Ethyl acetate fraction, Aq Fr: Aqueous fraction)
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Figure 7: Cupric chelating activity (%) of different fractions from methanolic extract of Sargassum cristaefolium
(First Ex: First extract, Chl Fr: Chloroform fraction, DcM Fr: Dichloromethane fraction, EtyAC Fr: Ethyl acetate
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Table 1: Yield and antioxidants properties of alginate extracted from Nizimudiana zanardinii
Cupric chelating (%) DPPH scavenging (%) Phenol content” Yield (%)
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*Phenol content is expressed as milligram Phloroglucinol per gram of sample
The concentration used in antioxidant tests was 1 milligram of alginate per milliliter of solution
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