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Abstract: Laurencia obtusa (Ceramiales, Rhodophyta) has tremendous nutritional value, being high in proteins, oligosaccharides, vitamins, essential minerals,

and fatty acids, and it is a rich source of amino acids and trace elements. In this study, L. obtusa was extracted and subjected to phenolic, sugar and flavonoid
analyses.The fatty acid, vitamin and phytosterol contents in Saccharomyces cerevisiae were evaluated when it was incubated with L. obtusa dry biomass. The
fatty acids in the lipid extract were analysed after converting them into methyl esters using gas chromatography, and vitamin concentrations were measured using
high-performance liquid chromatography (HPLC). According to the achieved results, the total fatty acid levels and vitamin contents of the S. cerevisiae prepared
with algal extract increased at different rates. Our results showed that a-tocopherol decreased in the group in which the S. cerevisiae was added the algal extract.
When compared to the control group, ergesterol increased in the group in which L. obtusa extract was added. Additionally, when compared to the control group in
which L. obtusa extract was added, stearic acid (18:0), oleic acid (18:1) and linoleic acid (18:2) increased in the other groups. Palmitoleic acid (16:1) increased in
the L. obtusa culture medium, but palmitic acid decreased in the L. obtusa culture medium. In conclusion, it was determined that the L. obtusa extract added to the
development medium of S. cerevisiae caused differences in the synthesis of some vitamins and fatty acids.

((ey words: Fatty acids; Nutritional value; Probiotic/prebiotic; Laurencia obtusa; Saccharomyces cerevisiae.

/
Introduction probiotic S.cerevisiae (8, 9). Considering the risk of
using antibiotics in large amounts and excessive doses,
Recently, significant research has been conducted on several laboratories and research centres, encouraged
the dietary modulation of gut microflora, and evidence by the World Health Organization (WHO), are seriously
has shown that some foods, food ingredients or investigating probiotics (6).
biochemical compounds have an effect on gut microbiota. In particular, seaweeds are rich in PS that can
Researchers have focused on dietary prebiotics potentially be used as prebiotic functional substances
(indigestible carbohydrates) as useful substances for in both human and animal health practices (1).Various
gastrointestinal health. Potentially, polysaccharides researchers have shown that algae and their products are
(PS) can be exploited as functional prebiotic ingredients potential sources for promoting the growth of probiotic
for both human and animal health applications (1). PS, microorganisms (1, 10,11, 12,13). Red algae of the genus
or their derivatives, namely oligosaccharides or low- Laurencia J. V. Lamour exist in tropical and subtropical
molecular-weight (LMW)-PS, are considered extremely regions of the world and are an extremely rich source of
important as they include dietary fibres (2). Some of these secondary metabolites with diverse structural features,
PS can be found in various seaweeds and microalgae. mainly halogenated sesquiterpenes and C15 acetogenins
In fact, the fibre content of some seaweed varieties is (14, 15). Ji et al. (16) confirmed that Laurencia is a rich
higher than that of most fruits and vegetables (3, 4). source of valuable secondary metabolites which exhibit
Prebiotics are the foods of probiotic microorganisms a variety of biological capabilities, such as antioxidant,
(5). Probiotics are live microorganisms, which, when antimicrobial, antifeedant, anthelmintic and cytotoxic
ingested, have a positive effect on the host. These activities. Also, PS has been determined to be abundant
microorganisms have been studied a long time and are in L. obtusa (17).
used as alternatives in the prevention and treatment of The objective of this study was to investigate the
gastrointestinal disorders because of their resistance to effect of L. obtusa on the biochemical content of S.
anti-micro biotic substances (6). Today, major species cerevisiae cell cultures.
of yeast, such as S. boulardii and S. cerevisiae, are used
S. cerevisiae is a single-celled yeast and is one of the Materials and Methods
most frequently researched organisms for industrial
applications and genetic studies (7). Milk, fermented L. obtusa samples were collected by hand from
foods and fruits are examples of important sources of several rocky shores on the Lara coast (Antalya, Turkey)
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in May 2012. To rid the samples of epifits, sediment
and other organic matter, they were washed several
times with sea water. Samples were then bagged and
transported to the laboratory, where they were washed
with distilled water. The dried algae material was
powdered and stored in the dark. L. obtusa was selected
for this study because it has a high nutritional content
and is abundant in Turkey.

Development medium of the S. cerevisiae

20 mg/mL L. obtusa suspension was prepared in
sterilized distilled water and added to the yeast extract,
peptone and dextrose (YEPD) medium containing
yeast cultures. The YEPD medium was used for the
control group without the addition of L. obtusa. It was
then incubated at 37 °C and vortexed at 50 rpm. The
development of the yeast was periodically monitored by
means of a spectrophotometer. After 72 hours, the yeast
samples were centrifuged, and pellets were obtained.
The yeast pellets were washed with 0.09% NaCl and
separated for ADEK vitamin and fatty acid analysis.The
study was performed with five parallel experiments.

Biochemical analysis

The yeast pellets were weighed and homogenized
with a hexane isopropanol mixture. The homogenate
was centrifuged, and the supernatant portion was used
for lipophilic vitamin and fatty acid analysis (18).

Derivatization and analysis of fatty acid methyl
esters (FAME)

5 mL H,SO, (2%) solution was added in aliquot
taken from the supernatant portion of the sample pellets.
The sample was vortexed and kept for 12 h in a 50°C
oven. 5 mL NaCl solution (5%) was added, and the
sample was again vortexed. Extraction was performed
with 2x5 ml hexane. Next, it was treated with a 5 mL
KHCO,solution (2%). Nitrogen (N,) was used to dry the
lipids by evaporating the hexane. The dry lipids were
dissolved in 1 mL of hexane. The FAME were analysed
with a Shimadzu 17 version 3 gas chromatograph (GC;
Shimadzu, Kyoto, Japan). The FAME were injected into
a capillary column (Machery-Nagel, Duren, Germany).
The column was 25 m long, had a 0.25 pm inner diameter
and a film thickness of 25 p. The column temperature
was 120 °C-220°C. The column temperature ramped to
200°C at a rate of 5°C/min and 220°C at a rate 4°C/
min. The final temperature was held for 8 min at 220°C.
The injector temperature stayed constant at 240°C,
and the detector temperature stayed constant at 280°C.
N, was used as the carrier gas. Peaks were identified
using retention times from the FAME standard injected
into the samples before the analysis. Then, fatty acid
peaks were integrated, thus achieving the necessary
programming (19).

Derivatization and analysis of lipophilic vitamins
and sterols

5 mL of supernatant from each of the samples were
transferred to 25 mL tubes, and SmL of KOH: methanol
(1:10 v/v) were added to each. The tubes were then
vortexed and kept in an oven at 85°C for 15 min. After
cooling the tubes to room temperature, 5 mL of distilled
water were added,and the tubes were shaken. Extraction

of lipophilic vitamins was done using 2x5 mL of hexane.
The hexane in the samples was evaporated with N,. One
mL of acetonitrile:methanol (50% + 50% v/v) was used
in the dissolving process.

Sterols were analysed on a high-performance
liquid chromatograph (HPLC; Shimadzu,Kyoto,
Japan). An LC-10 ADVP UV visible pump, SPD-
10AVP detector, CTO-10ASVP column, SIL-10ADVP
auto sampler, DGU-14A degasser unit and Class
VP software (Shimadzu, Kyoto, Japan) were used.
Acetonitrile:methanol (60% +40% v/v) was used in the
mobile phase. A UV detector and the Supelcosil LC 18
column (Sigma, USA) were used (25 m in length, 0.25
um inner diameter and 25 p film thickness). The column
was 15x4.6 cm and 5 um. Wave lengths of the detection
were 326 nm for vitamin A, 202 nm for vitamin E and
265 nm for vitamins D and K(20).

Sugar analysis

Algae samples were thoroughly homogenized with
distilled water. Next, the liquid portion was centrifuged,
and pellets were formed. After this treatment, 1 mL of
supernatant of each sample was mixed with 3 mL of
acetonitrile and analysed with the HPLC. A mobile
phase acetonitrile + water analysis (v/v) (75/25) was
used. The Supelcosil™ LC-NH2 (250 times 4.6 mm,
5p) HPLC column was used for analysis (21).

Total phenolic content

The concentration of phenolic compound was
measured by the Folin-Ciocalteu method as described
by Singleton et al. (22). The total phenolic content
was determined by comparison with a standard curve
prepared using gallic acid (0-200 mg/L). Experiments
were repeated three times for every dilution, and a
calibration curve was created.

Flavonoid analysis

Using a Prevail C18 (15x4.6 mm, 5Spm) HPLC
column, flavonoids in the extracts were analysed. A
methanol/water/acetonitrile  mixture(46/46/8, v/v/v)
containing 1% acetic acid as the mobile phase was used
(23). For the analysis of flavonoids, a PDA detector
(SPD-M10A VP; Shimadzu, Kyoto, Japan) was used.
Kamferol, naringenin, rutin, myricetin, morin and
quercetin were quantified by a DAD detector following
RP-HPLC separation at 280 nm for naringenin and
254 nm for rutin, myricetin, morin and quercetin. All
chromatographic operations were carried out at an
ambient temperature of 25°C.

ABTS ™ cation radical scavenging

An ABTS test was performed according to Wu (24).
Using the following equation, the scavenging capability
of the ABTS"radical (%AS) was calculated: %AS=100
(Acontrol-Asample)/Acontrol. The A control is the
control absorbance obtained from the ABTS ™ radical
alcoholic solution, and the A sample is the radical
absorbance in the presence of the sample or the trolox
standard.

Antioxidant assay by DPPH radical scavenging
activity
Free radical scavenging activities were assessed by

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 8

72



F. Cafet al.

Effect of L. obtusa extract on S.cerevisiae.

discoloration of the methanolic DPPH (2,2-diphenyl-1-
picrylhydrazy) solution. The absorbance of the mixture
was measured spectrophotometrically at 517 nm. The
following equation was used to calculate the DPPH
radical scavenging ability: DPPH radical scavenging
activity (%) = [(Abs control-Abs sample)]/(Abs
control)]x100. The Abs control is the absorbance of the
DPPH radical + methanol; the sample is the absorbance
of DPPH radical + sample extract/standard (25).

Statistical analysis

Comparison between the control group and
experimental group was made using analysis of
variation (ANOVA) and least significant different (LSD)
tests. The results were given as meantstandard error of
the mean (SEM). A value of p < 0.05 was accepted as
statistically significant, and p < 0.00Iwas accepted as
highly statistically significant.

Results

In agreement with the fatty acid analysis results when
compared to the control group (p<0.001), it was observed
that the palmitic acid (16:0) amount decreased in the
algal extract group. It was observed that the amounts
of myristic acid (14:0), palmiteoleic acid (16:1), stearic
acid (18:0), oleic acid (18:1) and linoleic acid (18:2)
increased in the S. cerevisiae group incubated with algal
extracts when compared to the control group (p<0.001).
It was detected that the amounts of sterol and vitamins
in S. cerevisiae incubated with algal extract varied when
compared with the control group at different rates. It
was observed that ergesterol and f-sitosterol increased

Table 1. Fatty acid and vitamins analysis results (ug/g).

significantly in the L. obtusa medium when compared
with the control group (p<0.001). While the K1 vitamin
amount increased to high levels, a-tocopherol decreased
in yeast which was treated with algal extract (Table
1). HPLC analysis indicated the presence of fructose,
glucose, maltose, arabinose and sucrose in the L. obtusa
(Table 2). The amount of flavonoids belonging to L.
obtusa in Turkey is shown in Table 3. Flavonoid analysis
proved that rutin, myricetin, morin, quercetin, kamferol
and naringenin were present in the L. obtusa extract.
DPPH radical scavenging activity of the methanol
extract was found to be high in the L. obfusa. On the
other hand, to the ABTS radical cation decolourisation
analysis, % activity of the extracts were high the
activity of the methanol extracts. In addition, the ABTS
analysis showed that L. obtusa had a somewhat stronger
antioxidant activity. The same results observed in the
case of the DPPH analysis were observed in the ABTS
analysis (Table 4).

Discussion

S. cerevisiae is a clinically proven yeast that is being
used as a human probiotic. Our study shows that the
biochemical content of S. cerevisiae changes in the
presence of Laurencia. Bhowmik et al. (26) reported that
the growth of lactic acid bacteria was enhanced in the
presence of spirulina. It was observed that the palmitic
acid (16:0) amount decreased in the algal extract group,
when compared to the control group (»p<0.001). It was
also observed that the amounts of myristic acid (14:0),
palmiteoleic acid (16:1), stearic acid (18:0), oleic

Component Control (S. cerevisiae) L. obtusa+ S. cerevisiae L. obtusa (extract)
14:0 78.23 £2.23 359.32 £6.67"" 140+1.02
16:0 1020.76+ 45.83 604.26 £10.5"" 930+20.03
18:0 250.12+ 3.02 356.89+13.58™ 333+10.23
16:1 45.13+2.03 73.8 +4.81™" 212+2.23
18:1 60.45+ 5.00 1276.1 £5.14™ 452+15.42
18:2 50.16+ 6.95 431 +£14.88" 70.66+5.1
>SFA 1349.11£51.08 1320.47+30.77 1403+52.3
YUSFA 155.74+13.98 1780.9+24.8™" 734.66+22.75
Total (mg/g) 1.59+0.10 7.03£0.56" e
Lipophilic vitamins and phytosterols
Vitamin K, 0.10 £ 0.00 0.10 + 0.008
a-tocopherol 65.26+ 0.84 9.48+ 0.99%***
Vitamin K| 0.10+0.00 4,70+ 0.71%*
Ergosterol 05.10+0.00 29.30+ 3.34%**
Stigmasterol 36.60+ 4.03 50.98+ 7.67*
[B-sitosterol 0.16+ 0.05 1.224 0.63**
*E%: p<0.001, **: p<0.01, *: p<0.05
Table 2. Sugar contents of L. obtusa (mg/10 g).
Sugar Arabinose Fructose Glucose  Sucrose Maltose

Laurencia obtusa 77.13£0.027*** (0.30+0.0006 0.47+0.016 0.5+£0.01 0.6+0.001

**E: p<0.001, **: p<0.01, *: p<0.05.

Table 3. Flavonoids (ng/g) and total phenolic content(mg/ GAE g) of L.obtusa extract.

Flavonoidler Rutin Myricetin

Morin Quercetin

Kamferol Naringenin Total Phenolic

Laurencia obtusa  165+1.10 1+0.003

55.5+0.10

16.5+0.05  86.01+0.3 5.11£0.01 33.41+0.11
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Table 4. ABTS and DPPH radical scavenging effects of L. obtusa samples (%).

10pL 20uL 80uL 200uL

Lo (ABTS) 36+1.45 42+0.00 82.28+0.71 92.47+0.54

Lo ( DPPH) 41£1.23 62+0.23 76.28+0.51 86.47+0.14
TOC 85.19+ 0.05 83.44+0.18 85.52+0.09 85.72+1.32
BHA 83.81+0.08 85.18+ 0.22 85.33+0.11 85.66+1.14
BHT 75.91+ 0.03 79.42+ 0.29 82.22+0.15 83.58+1.05

*TOC: a-tocopherol BHA: Butil hidroksi anisol BHT: Butil hidroksi toluen, Lo: Laurencia.

acid (18:1) and linoleic acid (18:2) increased in the
S. cerevisiae group that was treated with algal extract
compared to those of the control group (p<0.001). We
believe that the main reason for the synthesis of these
fatty acids is related to the enzymes that have a role
in the synthesis transcribed in S. cerevisiae. Various
studies have reported that different extracts can be used
as yeast growth (27, 28). However, we chose to study
the effect of algal extract on yeast biochemistry. The
higher fatty acid biosynthesis activity of S. cerevisiae
may be related to the higher phenolic contents and the
DPPH and ABTS radical scavenging activity (Table 1).

Linoleic acid isomers synthesized from S.
cerevisiae are significant in the human diet (29). As
Gurvitz et al. (29) explained, linoleic acid isomers
have anticarcinogenic and antiarteriosclerotic effects
and reduce anointment. In the present study, it was
observed that L. obtusa has high antioxidant activity.
The stimulatory effect of aqueous suspensions of this
algal dry mass has also been detected on linoleic acid
in the yeast. Linoleic acid is an essential fatty acid that
is necessary for good health (30). Rodrigues et al. (30)
studied the influence of fructo oligosaccharides on the
free fatty acid composition of cheese. They found that
conjugated linoleic acid content increased during the
ripening process which suggests the benefit of adding
prebiotics in probiotic cheese manufacture.

Sterols are the structural components of cell
membranes which regulate membrane fluidity and
permeability. They are composed of four rings (A-D)
with a hydroxyl group at carbon-3, two methyl groups at
C18 and C19 carbons and a side chain at C17. We found
that the amounts of lipophilic vitamin and sterol varied
in yeast prepared with algal extract when compared
to the control group. While the K1 vitamin amount
increased, a-tocopherol decreased in the S. cerevisiae
prepared with algal extract according to the control
group (Table 1) Vitamins play a key role in numerous
bodily metabolic processes, and yeast has been
reported to produce vitamins which provide a distinct
advantage for a probiotic over bacteria (31). Kumari
et al. (32) stated that the main sterols in seaweed are
cholesterol, fucosterol, isofucosterol and clionasterol.
When the amounts of sugars were compared, it was
found that arabinose was at high levels (p<0.001), but
not significantly different among other sugars. Jensen
(33) reported that seaweeds contain galactose, glucose,
mannose, fructose, xylose, fucose and arabinose. The
monomeric sugar profile of Kappaphycus alvarezii
strains from red algae, including the presence of
anhydrogalactose, galactose, glucose, mannose and
xylose, was determined by HPLC-MS analysis (34).

Flavonoids, the largest groups of phenolic
compounds, are known to exhibit a wide range of
chemical and biological activities, including antioxidant

and free radical scavenging properties (35). Flavonoids
are polyphenolic compounds present in plants (36), but
information available on the distribution of flavonoids
in seaweed is limited (37, 38, 39). The amount of
flavonoids in L. obtusa algal extract in Turkey is given in
Table 3. Flavonoid analysis proved that rutin, myricetin,
morin, quercetin, kamferol and naringenin were present
in L. obtusa extract. Quercetin and kaempherol have
emerged as promising pharmacological agents in the
treatment of cancer (40). A comparison showed that
rutin, morin and kamferol had the highest content levels,
whereas myricetin and naringenin were present at lower
levels. Some researchers have reported that rutin,
quercetin and kampferol are present in all of the studied
algae samples, but they showed that these flavonoids
are more abundant in red algae (G. dendroides) (39).
Flavonoids such as rutin and quercetin exhibit high
antioxidant activity (41). Johnson et al. (42) reported
that flavonoids were only observed in the ethanolic
extracts of L. obtusa. However, in our study, flavonoids
were identified in methanol extract.

In the present study, L. obtusa extracts showed
stronger ABTS and DPPH activity than synthetic
antioxidants. Some countries have banned the use of
synthetic antioxidants. Studies, such as the one by Suja
et al. (43), have been conducted in an attempt to replace
synthetic antioxidants with natural substances. DPPH
radical scavenging activity of the solvent extracts of L.
obtusa, according to other studies, is very low compared
to synthetic antioxidants and ranges from about 1.5%
to 12% (44). Phenolic compounds are widely found in
plants, including seaweeds, and have been reported to
exhibit a wide range of biological activities including
antioxidant properties (45, 46). Johnson et al. (42)
reported that L. obtusa has been elucidated in the ethanol
solvent medium in an attempt to determine phenolic and
flavonoid content in different solvents (ethanol, acetone,
benzene, chloroform and petroleterium). In our study,
the phenolic content was studied in water and methanol
environments, and better results were obtained in the
water environment. Their total of phenolic compounds
was determined as 33.41+£0.11 GAE mg/1g (Table 3).
Nagai et al. (47) reported that phenolic compounds
are one of the most effective antioxidants in brown
algae. Phenolic compounds protect algal thalli from the
adverse effects of UV radiation and exhibit antioxidant
activity or activity that prevents free radicals’ scavenging
properties (44). Moreover, in many studies, it was found
that the enzymes which make fatty acid synthesis from
S. cerevisiae yeast were affected by various factors in the
culture (28). Fatty acid biosynthesis in the S. cerevisiae
cells was affected by the carbon source and antioxidant
and bioactive compounds in the development medium
(48). Prebiotics improve the function or viability of
probiotics via their fermentation (49). We found that
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L. obtusa has a positive influence on linoleic and oleic
acid in S. cerevisiae. In addition, it should be noted that
18:2 is a polyunsaturated omega-6 fatty acid and that
it is an essential fatty acid; however, this fatty acid can
not be synthesized by the human body from other food
components. The major monosaccharide found in L.
obtusa was arabinose, which was followed by maltose.
Arabinose is a calorie-free sugar that can affect glucose
and lipid metabolism, deter obesity and possibly lower
body weight (50). In our work, it was detected that L.
obtusa extract had positive effects on the development
of S. cerevisiae, which is known to be a useful probiotic
yeast. L. obtusa contains polyphenols and flavonoids
called antioxidants which protect the body’s tissues
against pathogens, oxidative stresses and cancer. Also,
the addition of algae or algal extracts to food products
will help reduce the use of chemical protectors. In
conclusion, the amounts of fatty acids and vitamins were
affected when L. obtusa extract was used in a culture
medium of S. cerevisiae. We propose that the prebiotic
properties of seaweeds are not be restricted to their PS
and fibre; they can also be linked to monosaccharides,
vitamins, polyunsaturated fatty acids, antioxidant
activity, polyphenols and the flavonoid contents of
seaweed. We believe that the data obtained in this study
will be a valuable contribution to the current literature.
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