m Journal of Research Article

Research in Pharmacy www.jrespharm.com

Characterization and evaluation of the antimicrobial
properties of algal alginate; a potential natural protective
for cosmetics

Selin SAYIN 1" (2}, Tolga DEPCI 2 (), Mehmet NAZ 3 (I}, Selda SEZER 4 (),
Merve Goksin KARAASLAN? , Aycan ARAS 1 (), Sinem UGUR 1 (D), Zafer CETiN s,

Eyiip Ilker SAYGILI7 (), Burhan ATES 4

1 Department of Marine Technologies, Faculty of Marine Sciences and Technology, Iskenderun Technical University,
31200 Hatay, Turkey.

2 Department of Petroleum and Natural Gas Engineering, Faculty of Engineering and Natural Sciences, Iskenderun
Technical University, 31200 Hatay, Turkey.

3 Department of Aquaculture, Faculty of Marine Sciences and Technology, Iskenderun Technical University, 31200
Hatay, Turkey.

4 Department of Chemistry, Faculty of Arts and Science, Inonu University, 44280 Malatya, Turkey.

5 Department of Property Protection and Security, Taskent Vocational High School, Selcuk University, 42960 Konya,
Turkey.

6 Department of Medical Biology, Faculty of Medicine, SANKO University, 27090 Gaziantep, Turkey.

7 Department of Biochemistry, Faculty of Medicine, SANKO University, 27090 Gaziantep, Turkey.

*  Corresponding Author. E-mail: selin.sayin@iste.edu.tr (S.S.); Tel. + Tel: +90 326 613 56 00.

Received: 27 January 2021 / Revised: 27 October 2021 / Accepted: 18 November 2021

ABSTRACT: Sargassum vulgare was sampled by free dives in Iskenderun Bay, Hatay, Turkey, in September 2018.
Sargassum vulgare is a material with high economic value because it has compounds that can be used in medical
applications such as alginic acid and at the same time it contains carbohydrates and vitamins. Alginates were extracted
with a sequential extraction protocol from Sargassum vulgare. Structural characterization of alginate obtained from
Sargassum vulgare was determined by FT-IR spectrum, phase structure by XRD diffractometer, and surface
morphology by SEM image. Within the scope of the study, alginate obtained from Sargassum vulgare and herbal
preservative 705 used in the field of cosmetics were compared. After pretreatment of Sargassum vulgare with ethanol,
alginate extraction was performed. Microorganisms of Pseudomonas aeruginosa, Staphylococcus aureus, Candida albicans,
Escherichia coli, Aspergillus brasiliensis were used to examine the antimicrobial activity of the obtained alginate and
showed that the contamination risk was tolerable for all microorganisms examined on the seventh day of incubation.
Alginate obtained from Sargassum vulgare was found to be more effective than herbal preservative 705 at 0 hours.
Pseudomonas aeruginosa, Staphylococcus aureus are microorganisms with the highest effect in the 0 hour. Since alginate
obtained from Sargassum vulgare is more effective on microorganisms in a shorter time than herbal preservative 705, it
is predicted that it can be a product that can be used in the field of cosmetics.
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1. INTRODUCTION

Algae are plants with a simple photosynthetic and unicellular reproductive structure [1]. In marine
ecosystems, macroalgae are potential primary producers of energy-rich compounds and are cited as sources
of biologically active metabolites [2, 3]. Marine macroalgae are rich sources of bioactive compounds as they
can produce various secondary metabolites such as phenols, flavonoids, glycosides, and sterols with
important biological roles such as antifungal and anti-diabetic effects. In addition, they have anti-
inflammatory, antimalarial, antioxidant, antiviral, and antibacterial activities [4]. Recently, there has been an
increasing number of studies on the use of secondary metabolites from natural sources, including seaweeds,
to treat antibiotic-resistant bacteria, become a worldwide problem in health and medicine, and to replace safer
antibiotic use [5-7].
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Sargassum spp. like brown seaweeds have been reported to have bioactive properties against a number
of medically important Gram-negative and Gram-positive bacteria, such as Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Clostridium perfringens, Staphylococcus aureus [8-10]. For this reason,
Sargassum has been known as a candidate sustainable natural reserve resource with hopeful antibacterial
biological activities connect with its primary and secondary metabolites [11]. Sargassum spp. is a brown
(Phaeophyceae) macroalgae genus in the order of Fucales, which usually live in shallow and temperate waters,
represented by a large number of species. It is a species with high economic value due to high carbohydrate,
protein, vitamin, mineral, and fiber content [12]. Sargassum also contains phycocolloids and bioactive
compounds such as alginic acid and fucoid and polyphenols that could potentially be used in nutraceutical
and medical applications [13]. According to the researches, Sargassum species have antioxidant (DPPH radical
scavenging) [14,15]; cholinesterase inhibitory [16]; neuroprotective [17]; anti-cancer [18] and antiviral (HSV-1)
[19] properties. It has been also reported that they have a protective effect against diabetes and obesity [20].
Alginate obtained from Laminaria Digitata, Laminaria japonica, Ascophyllum nodosum, and Macrocystis pyrifera
[21] species of brown algae (Phaeophyceae) is a highly abundant polysaccharide in nature with aqueous
alkaline solutions, typically NaOH [22].

Since Sargassum vulgare has alginic acid and fucoidan components, it is safer to use than other types of
algae [23]. It can be used as an antioxidant hair care agent as a skin care agent and as a thickener because it
can gel, it is non-toxic and can be used in the form of alginic acid [24].

Industrial applications of alginates are found mainly in the food, medical, pharmaceutical, and textile
industries and are linked to their ability to hold water as well as gelling, viscosity, and stabilizing [25].
Biotechnological applications are based on instantaneous and almost temperature-independent physical
crosslinking and sol/gel transition in the presence of multivalent cations (e.g., Ca?*) in an aqueous medium
[25]. The unique properties of alginate make it a potential biopolymer that can overcome the problems of
currently used wound dressings by increasing the absorption of wound exudates and minimizing bacterial
infections, reducing adverse allergic effects, and improving wound healing due to its biocompatibility. It also
exhibits hemostatic properties that are beneficial for bleeding wounds [26]. Alginates are widely used in the
cosmetics industry due to their properties such as emulsifier, thickener, and dehumidifier [48]. They are like
hyaluronic acid in skincare products as they do not dissolve in water and swell and retain water [49]. It is also
used in many products such as hand creams and lotions, creams, pomades, non-oily creams, toothpaste. In
addition, alginates as antioxidative agents help prevent skin aging and disorders. Due to their antioxidant
properties, they can also be used as preservatives in cosmetic products by preventing lipid oxidation [50,51].

Alginates are unbranched polysaccharides composed of -1,4 linked D-mannuronic acid (M) and its C-
5 epimer o-L-guluronic acid (G). The natural copolymer is an essential component of algae and is also an
exopolysaccharide of bacteria including Pseudomonas aeruginosa. 1t consists of M (M block) and G (G block)
residue sequences interspersed with MG sequences (MG-blocks). Although it is possible to obtain alginates
from both algae and bacterial sources, commercially available alginates currently only obtained from algae
[27]. Calcium crosslinked alginate hydrogels have been used in drug delivery and cell transplant applications
in recent years. In addition, alginate hydrogels have been extensively studied for cartilage and bone
regeneration applications as scaffold components [28,29]. The first report on the chemical structure of alginates
was published as early as 1966. Larsen et al. [30] described in detail the fractionation following partial
hydrolysis of alginates to obtain alginates containing different copolymer compositions. Fractionation gave
soluble (hydrolyzable) and insoluble (resistant) fractions. Resistant fractions consisted of molecules that were
either mainly M-rich or G-rich residues, while hydrolyzable fractions consisted of highly varying MG residues.
Therefore, a structure consisting of M blocks, G blocks, and hydrolyzable MG alternative blocks was proposed
[31].

Today, many different compounds can be used as additives in cosmetic products in order to prevent
microbial contamination, to extend their shelf life, and to protect the health of users. Some examples of these
compounds contain; alcohol, aluminum chlorohydrate, aluminum salts, triclosan, 3,4,40-trichlorocarbanilide,
chlorhexidine, zirconium-aluminum tetrachlorohydrex glycine complex in deodorants and antiperspirants;
coal, imidazole derivatives, glycolic acid, salicylic acid, steroids, tar and sulfur derivatives, piroctone olamine,
zinc pyrithione in rinse-off hair products; alcohol, benzalkonium chloride, glycerin, natural ingredients,
triclocarban, triclosan and in skincare products; benzalkonium chloride in face care products; triclosan,
chlorhexidine and natural extracts in toothpaste; microban® and triclosan in antibacterial tooth brushed;
trichlosan and chlorhexidine in mouthwashes [32]. It has been determined that molecules such as
imidazolimidyl urea, diazolidinyl urea, formaldehyde, paraformaldehyde, benzalkonium chloride, parabens,
methylchloroisothiazolinone, methylisothiazolinone, methyl dibromo glutaronitrile, and phenoxyethanol,

https://dx.doi.org/10.29228/jrp.117
J Res Pharm 2021; 26(1): 198-209
199


https://dx.doi.org/10.29228/jrp.117

Sayin et al. Journal of Research in Pharmacy

Antimicrobial properties of algal alginate Research Article

which are used as preservatives in cosmetic products, may cause allergic reactions in humans and cause side
effects related to different tissues and organs [33]. Therefore, in order to reduce the concentrations of
antimicrobial synthetic molecules used in cosmetic products, natural preservative boosters of plant origin and
also have antimicrobial properties and their mixtures with low doses of synthetic antimicrobial molecules
have come to the fore [34]. As a result of many studies conducted in recent years, it has been shown that
ethanol extracts, methanol extracts of aqueous extracts obtained from some algae species, and some algal
compounds including sesquiterpenes, phenolic ingredients, laurenterols, bromophenols, fatty acids, and
sulfated polysaccharides also have antimicrobial activity, and it is thought that these natural compounds can
be used for preservative purposes in cosmetic products [35]. As a natural raw material in the cosmetics
industry, seaweed is a source for sustainable inexpensive innovative personal care products that can meet
consumer needs and expectations [36]. There are studies on different cosmetic formulations such as the
components obtained from algae to prevent skin aging [37,38]. In addition, the bioactive properties of
Sargassum vulgare offer potential use in cosmetics [39].

Alginate obtained from Sargassum vulgare was compared with the natural, bioactive preservative
glyceryl caprylate and glyceryl undecylenate used as a commercial product. glyceryl caprylate and glyceryl
undecylenate is a multifunctional ingredient system applied for cosmetics.

In this study, it was aimed to examine the antimicrobial properties of alginate obtained from Sargassum
vulgare and compared with the commercially used herbal 705 preservative containing glyceryl caprylate and
glyceryl undecylenate with antimicrobial properties. As a result of the analyzes made, it was observed that
the alginate obtained from Sargassum vulgare was more effective on microorganisms in a shorter time than the
herbal preservative 705. Thus, it was predicted that the alginate obtained from Sargassum vulgare could be used
as an alternative product in the field of cosmetics and studies on this subject are continuing.

2. RESULTS AND DISCUSSION
2.1. Characterization of alginates extracted from Sargassum spp.

Structural characterization of alginates extracted from Sargassum spp. was determined by XRD and FT-
IR spectrum, and surface morphology was also determined by SEM image.

The XRD analysis revealed important information about the alginate crystal. It was seen that the peaks
shown in Figure 1 were due to the characteristic peaks of sodium alginate and calcium alginate. The peaks
observed in the range of 16.86° to 32.26°, 40.24°, 45.10°, respectively. Bharatham et al. (2014) stated that it
corresponds to the characteristic peaks arising from cross-linked calcium and sodium alginate structures. [40].

The FT-IR spectrum of the alginate extracted from Sargassum vulgare and pure alginate was shown in
the Figure 2. O-H tensile vibrations of alginate were observed at 3000-3600 cm! and aliphatic C-H stretching
vibrations at 2900 cm™. The bands that come in the range of 1600-1400 cm™! were caused by the symmetrical
and asymmetrical vibrations of the carboxylate salt ions. COO- stretching peaks formed as a result of the
treatment with calcium and sodium were seen at 1600-1620 cm™. According to the study of Fenoradosoa et al.,
it is seen that the alginate structure obtained from Sargassum turbinarioides has a similar structure of -OH and
COO- peaks in the alginate structure obtained from the synthesized Sargassum spp. [41]. As a result, it was seen
that COO- peaks were changed by electrostatic interaction in sodium and calcium alginate (Figure 2). When
the FT-IR spectrum of pure alginate and alginate extracted from Sargassum vulgare was compared, it was seen
that alginate extraction has taken place. These results confirmed that alginate extraction was successfully
carried out.

SEM images of alginates obtained from Sargassum vulgare and pure alginate at 10 um and 20 um
magnifications are shown in Figure 3. Morphological changes were observed on powder surfaces as a result
of the uneven precipitation of alginates. At 10 pum SEM images, the morphologies originating from the cross-
linked structure in the pure alginate structure are similar. At 20 pm images, the presence of dispersed
structures is confirmed. Therefore, SEM images of pure alginate and alginates synthesized from Sargassum
vulgare are compatible with each other.

2.2. Antimicrobial activity of alginates extracted from Sargassum spp.

Previously studies also indicated the ethanol extract had a stronger antibacterial or antimicrobial
activity [42,43]. Kolanjinathan et al. [44] investigated ethanol extracts that were obtained from 3 different
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macroalgae against a total of 6 pathogenic bacteria. Researchers indicated that ethanol extracts of Gracilaria
edulis inhibited the growth of all investigated microorganisms except Bacillus cereus and Enterobacter aerogenes.
Gerasimenko et al. [45] evaluated the ethanol extract of Laminaria cichorioideae brown algae and indicated that
the extract had an antimicrobial effect on all microorganisms evaluated. Seenivasan et al. [46] marked that 80%
ethanol, methanol and acetone extracts of three green algae collected from the southeastern coasts of India
have the ability to inhibit the growth of evaluated gram-negative and gram-positive bacteria.
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Figure 1. XRD spectrum of alginate extracted at 10-80° (a) pure alginate, b) alginate obtained from
Sargassum vulgare).
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Figure 2. FT-IR spectra of alginate extracted and pure alginate at 400-4000 cm! (a) pure alginate, b) alginate
obtained from Sargassum vulgare).

The microbial safety of products used in many areas for various purposes is an important issue. In this
context, adding substances with a different chemical structure known as preservatives to the products is
considered as one of the most important steps to ensure microbiological stability. These preservatives, which
are used in a wide range, are especially desired to be compatible with the product they are added to, to be
effective even at low concentrations against all kinds of microorganisms, to have no allergic, toxic or irritating
effects on the organisms and to be stable at changing temperatures and pH values. In recent years, alginate
produced from brown algae has a wide use as a preservative agent in terms of providing the desired
properties. For this purpose, the effectiveness of the preservative substance used against microbial growth of
the alginate structure that we extracted from Sargassum vulgare was tested.
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Figure 3. SEM images of extracted ;lginate and pure eIgi;l;ei(;)Ai)ﬁre alginate 10 uiﬁ, b) pure alginate 20
um, c) alginate extracted from Sargassum vulgare 10 pm, d) alginates obtained from Sargassum vulgare 20 pm).

The total aerophilic mesophilic microorganism and mold and yeast content of the product were
determined using ISO 21149 and ISO 16212 standard methods, respectively. In these standard methods, the
limit value of the number of microorganisms in the product is <100 CFU/g. As a result of the analysis, it was
observed that the pure alginate and alginate extracted from Sargassum vulgare contained <10 CFU/g
microorganisms and this value was below the limit values, and it was determined that the pure alginate and
alginate extracted from Sargassum vulgare did not have any microorganism load. The ISO 11930: 2012 standard
is a system used to evaluate the antimicrobial protection of a cosmetic product. For Criterion A in the ISO
11930:2021 standard, the product is expected to show 23 logarithmic reduction in bacteria and 21 logarithmic
reduction in yeasts. For criterion B, the product is expected to cause 20 logarithmic reductions in mold. The
antimicrobial preservative efficacy of the pure alginate and alginate extracted from Sargassum vulgare was
evaluated by finding the difference between the logarithmic value of the number of bacteria culturing at the
end of the incubation period and the initial logarithmic value of the microorganisms. The results obtained at
the end of the 7th, 14, and 28th days of the incubation periods of five different microorganism species
including Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa (ATCC 9027), Candida albicans (ATCC
10231) Aspergillus brasiliensis (ATCC 16404) Escherichia coli (ATCC 8739) ISO 11930:2012. It was determined
that pure alginate caused a logarithmic decrease of 5.54 CFU/g for Staphylococcus aureus, 5.41 CFU/g for
Pseudomonas aeruginosa, 5.56 CFU/ g for Escherichia coli, 3.32 CFU/g for Candida albicans, and 3.30 CFU/g for
Aspergillus brasiliensis on the test days. When the results were evaluated, it was seen that pure alginate met
criterion A for bacteria and yeast and criterion B for molds. Therefore, the pure alginate was evaluated as
antimicrobially effective.

With the ISO 11930: 2012 standard, the antimicrobial activity of the alginate extracted from Sargassum
vulgare on Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa (ATCC 9027), Escherichia coli (ATCC
8739) bacteria, Candida albicans (ATCC 10231) yeast and Aspergillus brasiliensis (ATCC 16404) mold is evaluated.
In order to evaluate the product effectively, the log value of the decrease in the number of microorganisms at
the end of 7, 14 and 28 days should be within the range given in the standard. Accepted log reduction values
for bacteria 7, 14 and 28 days 23; 7, 14 and 28 days 21 for yeast; 14th day for mold is 20 and 28th day is 1. The
product showed the desired logarithmic reduction in the standard on the 7th day on all microorganisms. The
number of microorganisms on the 14th and 28th days was determined as <10 CFU/g. When these results were
evaluated according to the antimicrobial preservative efficacy of the alginate structure obtained from
Sargassum vulgare, it was determined that corresponded to the Criterion A level where the risk was tolerable
for all microorganism species after the 7th day incubation period (Table 1). When compared with Sargassum
vulgare herbal preservative 705, it is seen to have antimicrobial activity like the herbal preservative used in
cosmetics. As a result, it has been shown that the alginate material obtained from Sargassum vulgare can be
used as a protective product. When all the results were evaluated, it was found that the product was protected
against microbial growth (Figure 4).
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3. CONCLUSION

For a long time, many of the substances extracted from macroalgae have been used in herbal medicine,
pharmacology, natural cosmetics, food, and other industrial areas due to their bioactive components such as
alginates, carrageenan, and agar. Anti-bacterial, antiviral, anti-tumor, anti-inflammatory, and antifouling
effects exist in other compounds. Seaweed may also provide promising bioactive that can be used to treat
human diseases, and for new antimicrobial agents to be used in agriculture, and the food industry to replace
synthetic antibacterial agents. However, the antimicrobial capacity of macroalgae extracts is related to
different parameters such as macroalgae type, solvent, extraction method, and microorganism type. This
antimicrobial effect will take apart among natural protective antimicrobial agents in different areas of the
industry in further studies. Different studies have shown that marine algae can be a source of active
compounds against pathogens. Cosmetic product: it defines all substances or mixtures that are prepared to be
applied to the outer parts of the human body, whose sole or main purpose is to clean these parts, to smell
them, to change their appearance, to protect them, to keep them in good condition or to correct body odors.
Various natural or synthetic preservatives are used in cosmetic products. Preservatives are substances that
aim to prevent microorganisms from developing in cosmetic products, either solely or mainly. Choosing the
right preservative is an important issue in cosmetic formulations. It should be suitable for the pH of the
product to be developed, resistant to production conditions, stable in the formulation of the product, suitable
for the use of the product, the desired preservation period and the relevant regulations. Herein, natural
component may be important molecules as a potential protective agent.

Table 1. Antimicrobial results of alginates extracted from Sargassum spp. and herbal protective 705.

Antimicrobial results of alginates extracted from Sargassum spp.

14th 28th
Hour 0 7th Day t 8t
. . Day Day
Microorganism log Log
CFU/g CFU/g CFU/g log CFU/g reduction CFU/g CFU/g
Staphylococcus aureus
+ + < <
ATCC 6538/Lot 3221505 2.55E+07 741 3.00E+03 3.5 3.93 10 10
Pseudomonas aeruginosa
. + . X + . . < <
ATCC 9027/Lot 3270513 2.60E+07 741 5.00E+03 3.7 3.72 10 10
Candida albicans 250E+06 640 1.00E+03 3.0 3.40 <10 <10
ATCC 10231/Lot 8067507 ’ ' ’ ’ '
Aspergillus brasiliensis
. + . X + . . < <
ATCC 16404/Lot 3175110 2.10E+05 5.32 4.00E+02 2.6 2.72 10 10
Escherichia coli
242E+07 7. 4.00E+ . 7 <1 <1
ATCC 8739/Lot 4835151 E+0 38 00E+03 36 378 0 0
Antimicrobial results of Herbal Protective 705
Hour 0 7th Day 14th 28th
. . Day Day
Microorganism log Log
F F 1 F F F
CEU/g CFU/g CEUs 0g CFU/g reduction CEUs CEU/s
Staphylococcus aureus
SE+ . < . < <
ATCC 6538/Lot 3221505 3.5E+08 6.54 10 1 5.54 10 10
Pseudomonas aeruginosa
+ < < <
ATCC 9027/Lot 3270513 2.6E+08 6.41 10 1 541 10 10
Candida albicans
+ < < <
ATCC 10231/Lot 8067507 21E+06 432 10 1 332 10 10
Aspergillus brasiliensis 2 OE+06 430 Not Not Not <10 <10
ATCC 16404/Lot 3175110 performed performed performed
Escherichia coli
+ < < <
ATCC 8739/Lot 4835151 3.6E+08 6.56 10 1 5.56 10 10

The current study revealed the physical characteristics and the antimicrobial protective effects of
alginate extracted from Sargassum vulgare (Phaeophyta) macroalgae. XRD, FT-IR and SEM analysis methods
were used to characterize the extracted alginates. Pseudomonas aeruginosa, Staphylococcus aureus, Candida
albicans, Escherichia coli, Aspergillus brasiliensis microorganisms were used to examine the antimicrobial activity
of the obtained alginate and commercial preservative. The alginate extracted from Sargassum spp. showed high
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antimicrobial properties against Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans, Aspergillus
brasiliensis, Escherichia coli microorganism species. According to the antimicrobial results of the synthesized
alginate, its predicted that it can be used in cosmetics as a natural material.

4. MATERIALS AND METHODS
4.1. Materials and instrumentation

Sodium carbonate (NaxCOs) and calcium chloride (CaCly) were taken from Merck. Pseudomonas
aeruginosa (ATCC 9027), Staphylococcus aureus (ATCC 6538), Candida albicans (ATCC 10231), Escherichia coli
(ATCC 8739), Aspergillus brasiliensis (ATCC 16404) were purchased from American Type Culture Collection
(ATCC)Incubator;( Memmert - UN55) Centrifugal (Hettich Marka-Universal 32R).

Staphylococcus aureus
m (0.0, 74)

w (7.0,35)

Antimicrobial Effect

(14.0,00) (28.0,0.0)
—

Day

Pseudomonas aeruginosa Candida albicans
(0.0,7.4)

(7.0.3.7)

Antimicrobial Effect
. L
Antimicrobial Effect

(14.0, 0.0) (28.0,0.0) (28.0,0.0)

Day Day
Aspergillus brasiliensis u(00,7.4) Escherichia coli
00,53)
B a2
: ]
3 i
< 1 -
= =
E=} 7.
S | s (7.0,36)
£ (7.0.2.6) E
< £
1 <
(14.0,0.0) (28.0,0.0) (14.0,0.0) (280.00)
Day Day

Figure 4. Antimicrobial effect of alginate extracted from Sargassum wvulgare on Staphylococcus aureus,

Pseudomonas aeruginosa, Candida albicans, Aspergillus brasiliensis, Escherichia coli.

Antimicrobial effectiveness test was carried out according to the ISO 11930 standard. A total of 5
organisms are used. Before the start of the test, the incoming sample was taken into microbiological analysis
with a minimum of 2 parameters. As the result of this analysis was found suitable, the efficiency test was
started. After the samples were exposed to artificial contamination with 5 organisms (10 7-8 CFU/ml), sowing
was performed on days 0, 7, 14 and 28. Logarithmic decreases were calculated and it was determined whether
it was criterion 1 or criterion 2 according to the table below. Effectiveness is mentioned if it kills the protective
organisms. Evaluation criteria are given in Table 2.
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Table 2. Antimicrobial efficacy evaluation criteria.

Log reduction values (R, = 1gN, -IgN;) required?

Microorganisms Bacteria C.albicans A.brasiliensis
Sampling time 17 T14 T28 T7 T14 T28 T14 T28
. >3 >3 =1 =1 =0° =1
Criteria A =3 and NI and NI =1 and NI and NI and NI and NI
- >3 =1 =0
Criteria B NP >3 and NI NP >1 and NI >0 and NI

2 In this test, an acceptable range of deviation of 0.5 log is accepted (see5,7).
b NI: no increase in the count from the previous contact time.

¢ Ry = 0 when IgNo = IgNx (no increase from the initial count).

4 Not performed

Fourier Transform Infrared Spectroscopy (FT-IR) spectrometer (Perkin Elmer, Spectrum two) was used
to describe the characterization of the algae in the range of 400-4000 cm. To define the changing crystal
structures of samples was used in a powder X-ray diffractometer (XRD, Rigaku Miniflex 600) with Cu Ka
radiation and range of 10-80¢. The surface characteristics of materials were determined by Scanning Electron
Microscope (SEM) (LEO Evo-40 VPX).

4.2. Collecting of algae

Sampling studies, 0-20 m depth from the free dives were made in Iskenderun Bay, Hatay, Turkey, in
September 2018. Sargassum vulgare were collected underwater in gathered mesh bags. Some of the materials
collected were determined in jars in a 4-6% neutralized formaldehyde solution prepared with seawater, to be
determined and definitions later in the laboratory. The collected materials were separated and washed with
distilled water in order to be free of epiphytes, rocks, sand and mud that may be present in them. The cleaned
materials were dried in a laboratory in a shaded area without further exposure to the sun for further analysis.
The identification studies of the materials were carried out with the Olympus brand Ckx41sf model stereo
inverted light microscope.

4.3. Ethanol extraction of S. vulgare

Extraction was carried out according to the method proposed by Main and Percival [47]. 30 g of algae
powder has been suspended in 300 ml of 85% ethanol and the suspension was stirred at 450 rpm in room
temperature for 24 h to eliminate pigments and proteins. The suspension has been filtered through filter paper
(Whatman #4) to remove ethanol. After ethanol extraction, residual algae have been treated with
formaldehyde for one night to eliminate phenolic constituents. Formaldehyde was removed by filtering.
Residual algae were washed three times with distilled water.

4.4. Alginate extraction from S. vulgare

Alginate was extracted with sequential extraction. In the first step, washed residual algae were taken in
300 ml of 2% CaCl; heated to 70 °C and shaken in the 70 °C water bath for 3 h at 200 rpm. Then, the solution
was centrifuged at 16 000 rpm for 10 min. Supernatant including laminarin and fucans, was removed from
pellet. In the second step, the pellet was suspended with 300 ml of HC1 (0.01 M, pH=2) heated to 70 °C and
shaken in the 70 °C water bath for 3 h at 200 rpm. The solution was centrifuged at 16 000 rpm for 10 min.
Supernatant including fucans, was removed from the pellet. In the last step, the pellet was suspended with
300 ml of 3% Na>COs heated to 70 °C and shaken in the 70 °C water bath for 3 h at 200 rpm. The solution was
centrifuged at 16 000 rpm for 10 min. Supernatant including alginate was transferred clean falcon tubes. After
extraction, alginate solution has been dialyzed in distilled water at 4 °C for 24 h (Figure 5). Then, the alginate
powder was obtained by lyophilization.
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Figure 5. Schematic representation of alginate synthesis from Sargassum spp.
4.5. Antimicrobial activity test

The antimicrobial preservative efficacy (challenge/screening/forcing) test is based on the evaluation of
microbial contamination risk by exposing the test product to artificial contamination. In this context, the
antimicrobial protective activity of alginate obtained from Sargassum vulgare species was evaluated using
Pseudomonas aeruginosa (ATCC 9027), Staphylococcus aureus (ATCC 6538), Candida albicans (ATCC 10231),
Escherichia coli (ATCC 8739), Aspergillus brasiliensis (ATCC 16404) microorganisms. For this purpose, the
protective efficacy of the alginate test product was determined by determining the number of microorganisms
that survived the incubation periods (7, 14, 28 days). The parameters applied within the scope of the
antimicrobial protective efficacy test, the media suitable for the microorganism, the incubation temperatures
in the culturing step and the antimicrobial test method applied are shown in Table 3.

Table 3. Antimicrobial activity test of alginates extracted from Sargassum vulgare.

Microorganisms Method  Media Incubation Temp.
Staphylococcus aureus (ATCC 6538) Plate Tryptic Soy Agar 300C -35°C
Pseudomonas aeruginosa (ATCC 9027)  Plate Tryptic Soy Agar 300C -35°C
Candida albicans (ATCC 10231) Plate Tryptic Soy Agar 300C -35°C
Aspergillus brasiliensis (ATCC 16404)  Plate Potato Dextrose Agar 200C -25°C
Escherichia coli (ATCC 8739) Plate Pabouraud 4% Dextrose Agar  20°C -25°C
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