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Introduction

Sargassum and Padina are two genera of brown algae that are widely scattered in temperate regions. Sargassum
species are categorized as tropical and sub-tropical brown seaweed which are valuable sources of bioactive compounds
including dietary fibers, carotenoids, vitamins, and minerals. These brown algae demonstrate diverse biological
activities such as antioxidant, antimicrobial, and anti-Alzheimer, due to the presence of flavonoids, triterpenoids,
flavonoids, sterols, polyphenols, and pheophytine. The genus Padina is scattered in many environmental conditions,
mainly in the tropical marine waters, and belongs to the family Dictyotaceae. Some bioactive components isolated from
Padina species have been demonstrated hypoglycemic, hypolipidemic, anti-obesity, hepatoprotective, cardioprotective,
immunostimulatory, and antimicrobial activities., The aim of this study was to prepare an extract from two species of
algae Padina and Sargsum by massaging and ultrasound assisted-methods as well as analyzing their compounds and
investigating the antioxidant, antimicrobial and enzymatic properties of the extracts. According to the obtained results,
ultrasound assisted method was a suitable method for extraction. This extract can be used as a combination of
antioxidant, antimicrobial, anti-Alzheimer's and nitrate reducing agent in food additives.

Materials and Methods

Chemical materials were supplied by Sigma-Aldrich GmbH (Sternheim, Germany). The algal species utilized in the
current investigation; namely, Padina distromatic and Sargassum angustifolium were collected from the coastal region
of Chabahar bandar, Sistan and Baluchistan Province, Iran. To eliminate all the impurities and extraneous materials,
they were washed by using distilled water and then dried at ambient temperature (24-48 h) until the constant weight.
Extraction by maceration was compared with the extraction using ultrasonic assisted method. Determination of
chemical compounds was parformed using GC-MS device. Investigation of antioxidant properties and total polyphenol
and flavonoid content were also performed. The degree of free radical scavenging was done according to DPPH
method. Evaluation of antimicrobial effect of algae extracts were the main challenges in our research. S. aureus
ATCC25923, Listeria innocua ATCC 33090, E. coli ATCC 25922 and S. typhi ATCC 6539 were used for antimicrobial
test. Determination of minimum growth inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were performed using wells in agar.The enzymatic activity was also determined. In this study, the activity of
acetylcholinesterase was investigated using the method introduced by Ellman et al. (1961) and also the activity of nitric
oxidase was determined using a kit protocol (Nvand-Iran). Factorial experiment in the form of a completely randomized
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design was used to analyze the data. Duncan's multiple range test was used to determine the difference between the
means at the 95% confidence level, and SAS software version 2.9 will used for statistical analysis.

Results and Discussion

The current study investigated the antioxidant, antibacterial, anti-inflammatory, and anti-Alzheimer’s attributes of
two brown algae namely Padina distromatic and Sargassum angustifolium which were collected from the coastal region
of Chabahar Bandar, Iran. The results clearly indicated that the type of algae and extraction techniques used in this
investigation highly affected phytochemical compositions, antioxidant, AChE inhibitory, scavenging, and antimicrobial
activities. Considering both extraction yield and phytochemical components, extraction by ultrasound assisted method
provided better results. Among all algal extracts, UPE presented the highest AChE inhibitory activity, and antibacterial
activity and USE presented the highest antioxidant activities, total phenols and flavonoids, reflecting the presence of
various bioactive components. The extracts of two various seaweeds utilized in the current study highlighted
considerable inhibitory action against four pathogenic bacteria. According to the observations of the antibacterial assay,
S. aureus was the most sensitive microorganism, while L. innocua was revealed as the most resistant bacteria to the
extracts of P. distromatic and S. angustifolium. Further, the chemical components responsible for the antioxidant, AChE
inhibitory, and antibacterial power were confirmed by GC-MS analysis. The findings of the current investigation
confirmed the potential of the health benefits and therapeutic effect of brown marine algae. Thus, the extract of P.
distromatic and S. latifolium could be an effective supplement to be incorporated into the products’ formulation in the
food and pharmaceutical industries as well as in medication to alleviate several disorders such as Alzheimer.
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SxSoslas loj 4 Cond s go &S 2 LS bl gy adds
(Fujii et al., 2004) 35 (¢ ,So,lac 03jb (59 ik b
3Vl a1 3l cllad Jsibl ojlas 3l (LS @l (ripen
Seo gyl Sgulpdsl (h9) ) b plis Jgilie ojlas 4 cos
P S slalog wi)ls 55ym ol Ve 5l VL (sla il )5 oS
sl Sy plcls bl clb jn uis o obyl b S
w0 JuSis lcls WS o Ay Lt Jlid g 29 0 Sl
gl IS Al g dsdioe (S Cules 3 g L)
b Ao Sgul iyl Cop phas g Sguldyl (slaples
ok Slge (190 4 M 5l gyt S el gl gl (Sl

(Ogawlrwle) Lasly o5lac (olowsd LS5 - Jgaar

Table 1- The chemical compounds of Padina extract (maceration)

OS5

Compounds

SNl ol ey
Retentiontime (%)

4- Heptanol

Tetradecanoic acid
Palmitoleic acid

SBoovwoobwnr

Phytol

4- Heptanone,3-methyl
Butanoic acid,butul ester
3-Deoxy-d-mannitol
Butane,1,1-dibutoxy

n-Hexadecanoic acid
Cis-13-Octadecanoic acid

8.3 2.82
9.022 1.17
10.80 9.45
11.65 1.6
18.05 36.12
30.15 511
32.52 3.95
32.82 27.16
34.27 9.29
34.64 3.34
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Table 2- The chemical compounds of Padina extract (ultrasonic)

S 5 SN ol;  wep
Compounds Retention time (%)

1 1-Butanol-2-methyl-(S)- 6.219 1.18
2 4- Heptanol 8.382 5.99
3 4- Heptanone,3-methyl 9.091 3.56
4 Butanoic acid,butul ester 10.831 23.58
5 3-Deoxy-d-mannitol 11.666 5.04
6 Silane,dimethylisobutoxybutoxy 13.772 2.59
7 Butane,1,1-dibutoxy 17.994 7.32
8 Tetradecanoic acid 30.074 3.78
9 Hexadecanoic acid,methyl ester 32.191 2.02
10 Palmitoleic acid 32.465 5
11 n-Hexadecanoic acid 32.751 22.97
12 Cis-Vaccenic acid 34.594 8.02
13 Phytol 34.622 4.67
14  Stigmasta-5,24(28)-dien-3-ol(3p,247)- 47.46 4.27

(Ol sawle) @9l ylus 0,028 (o broudd S )5 (B 53 w0 yd Y Jgu
Table 3- The chemical compounds of Sargassum extract (maceration)

©OluS 5 SHPiL by wey

Compounds Retention time (%)

1 1-Butanol-2-methyl-(S)- 6.301 2.71
2 4- Heptanol 8.424 8.45
3 4- Heptanone,3-methyl 9.128 3.06
4 Butanoic acid,butul ester 10.85 32.43
5 Silane,dimethylisobutoxybutoxy 13.78 2.48
6 Butane,1,1-dibutoxy 18.008 20.1
7 Palmitoleic acid 32.451 1.62
8 n-Hexadecanoic acid 32.70 13.81
9 Cis-Vaccenic acid 34.579 7.98
10  Stigmasta-5,24(28)-dien-3-o0l(33,2472)- 47.471 7.36

(Sigwl gl) pgmls sl 05l (loonnd OS5 (& 2 w2 yd - € Jgoa
Table 4- The chemical compounds of Sargassum extract (ultrasonic)

bS5 SNl ol ey
Compounds Retentiontime (%)
1 1-Butanol-2-methyl-(S)- 6.21993 2.65
2 4- Heptanol 8.424 6.65
3 4- Heptanone,3-methyl 9.120 1.85
4 Butanoic acid,butul ester 10.848 23.13
5 Dodecane 16.547 0.94
6 Butane,1,1-dibutoxy 17.983 3.19
7 Tetradecane 21.994 1.09
8 Acetic acid(2,4-dichlorophenoxy)-ethyl ester 28.958 1.01
9  6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one 29.816 1.43
10 Tetradecanoic acid 30.073 3.16
11 Neophytadiene 31.046 1.01
12 Palmitoleic acid 32.465 4.55
13 n-Hexadecanoic acid 32.746 27.79
14 Cis-Vaccenic acid 34.588 6.92
15 Stigmasta-5,24(28)-dien-3-0l(3$3,247)- 47.48 14.63
ol Gl aoyd VIYY 5 YAOY L w5 4 dibutoxy oleS 5 (Abdel-Aal et al., 2015) | \Kea o dblis
lSy & WS Jesuie 500 sladlas sl e ojlas ol s g ol )8 dalllas 390 1) (glogrd Sl o9 (oland

5l Bog ke iy b ey Sils ojlac snad S Lo Butane,1,1- 4 1-Butanol-2-methyl-(S)- &5 sl ;L puisre
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Fig. 1- Chromatogram of chemical compounds (GC-MS) of maceration (a) and ultrasonic (b) Padina extract and maceration
(c) and ultrasonic (d) Sargassum extract
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35, ROS &) (sl ol 9 ou il Cliseo (gl oo JSS
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(Otero etal., 2018) JuuS'g)0ud 5 JouS | pow JIS0,

0P CYNBT 3Kty 5 Glopd ) (i yob 4 Glals
@ bies g |y LS SlawsT ol cullé Xy 0,8 4

Jols Jgib oluS 5 ol cuwd o] 5 Jsib oluSy jeas

(Sarpal and Costa, 2016) Ll 5 Juls (iweh
S I b pbyp pblS Gulel 3 dgrge wlS S
9 well Casb) dod celd )l (aldlie 550 5 Job wiile (S3glsS]
OlelS (nl 53 0550 dlge Frwgn 5 (Splie lajs SL
bylys cov oo 49l L SIplio dns 0 a5 Wb olulis
(Sarpal and Costa, 2016) 39 0 jimwse «glaie (lawre
clld wyp 4 (Patil et al, 2018) K2 5 Josb
By oSl loggd (2l Sulx o)las Slas
poyil Sl 435 pouls lu oylas j 4 SlanST 5l oyl
3V o8 jdgen (RBC) g5 508 (slaJshe slae ) oolinal L
ey AAPH  olgn sl whSone 0 JK0,
5 e Jige e Gisen Sl ekl b s (gl
lieg S (63 Crond A astie tuSTpow 03], culles
b M el 1 oslil b Jolbio pls ojlas I ond las
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Jols o uilSy8 5 plad AR glacil Llos g 4oy UV
5 Sl ol g8 @y o (Jlb opl bl 8 ol s
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Table 5- Mean inhibition zone (mm) of four samples alga extract on pathogenic bacteria (well diffusion agar)

-1
Concentration (mg/ml)
Lodiged W omdlS 19 ySu0 Sl J 58
Samples Microorganisms
P g 50 100 150 200 Control +
(USuidal )
(chloramphenicol)
sl pesSsSphsleal
gl puanlo— gy Staphylococcus aureus  12.45+0.63 13.10+0.31 13.20+0.42 14.05+0.12 20
B pl byt
. . Listeria innocua
Maceration- Padina 1 3] 11.60+£0.43 12.42+0.18 13.00%0.44 15.40+0.37 23
Escherichia coli
i Migalls 9.51+0.03 9.90+0.13 10.10£0.21 11.52+0.23 25
Salmonella typhi 0 9.30£0.29  10.20+0.36 9.30£0.35 18
siig] sS S pldlel
Sgul gk-looly Staphylococcus aureus  13.36+0.53 16.42+0.17 17.54+0.41  18.30+0.25 20
b5l by
. . Listeria innocua
Ultrasonic- Padina 1) 14.46+£0.53 15.22+0.32 16.50+0.23 17.00£0.42 23
Escherichia coli
i Mipall 8.60£0.41  8.40+0.15 11.00+0.45 12.23+0.34 25
Salmonella typhi 7.11+0.01  8.94+0.53  9.00+0.30 11.64+0.24 18
singl sS S sl
O] plo—pguls Lo Staphylococcus aureus  10.51+0.03  9.30+0.30  10.2040.21 11.30+0.35 20
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Escherichia coli
i Mipall 7.424¢0.51  7.45+0.14  8.30+0.74 9.69+0.36 23
Salmonella typhi 0 8.20+0.36  8.10+0.22 9.08+0.44 25
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Fig. 2- Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of of maceration (a) and
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Table 6- The amount of acetylcholinesterase enzyme absorption and the combination of enzyme and algae extracts

Ll
Absorption
Sl 0,bas+s 551
(45) 5lo; pegt] Enzyme+algae extract
Time(s) Enzyme Opl plo—Uasly Seiguldgl-Wooly Ol ol pgurS 5 Lo Sigul gl gl
Maceration- Ultrasonic- Padina Maceration- Ultrasonic- Sargassum
Padina Sargassum
0 1.058 0.976 0.927 1.027 0. 949
20 1.112 1.030 0.954 1.012 1.009
40 1.163 1.081 1.031 1.096 1.056
60 1.242 1.112 1.069 1.140 1.112
80 1.309 1.127 1.060 1.168 1.130
100 1.317 1.166 1.087 1.241 1.174
120 1.369 1.209 1.109 1.288 1.186

LSUs sboslas bwgi 3yl (oS Jw! o2 331 Hleo duoyd =¥ Joua
Table 7- The inhibition percentage of acetylcholinesterase enzyme by algae extracts

Type of algae extract

ISP M NS H T
AchE nhibitory (%)

Oy polo— Ly
Maceration- Padina
Sogul Joh-Lusl
Ultrasonic- Padina
Ol ol pguslS Lo
Maceration- Sargassum
Sigul gk pguls L
Ultrasonic- Sargassum

31.240.72

42.56+0.40°

11.63+0.81¢

25.06+0.11°
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Fig. 3- Nitric oxide scavenging activity of different concentration of algae extract (mg/ml)
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