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Abstract

The present study describes the content of total lipids (TL), the main components of
polar and neutral lipids (NL) and photosynthetic pigments (PSP) in edible seaweed
Sargassum pallidum (Ochrophyta) from the Sea of Japan, Russia, in different months
of the year, taking into account life cycle. Special attention was paid to the fatty acids
(FAs) of total lipids as well as the accumulation of important polyunsaturated fatty
acids (PUFAs) in glyceroglycolipids (GL) and reserve lipids in the seasonal cycles of
growth. The content of TL strongly varied in the course of a year. The major lipid
components were GL (20.3% - 36.4%) and NL (19.8% - 30.6%), while phospholipids
(PL) were present in negligible amounts (3.2% - 6.9%). Significant seasonal varia-
tions were observed in content all classes of lipids. The PUFAs prevailed in total li-
pids and the content of n-6 PUFAs was higher than n-3 PUFAs on all stages of life
with the exception of vegetation period. Monogalactosyldiacylglycerols (MGDG) and
digalactosyldiacylglecerols (DGDG) were rich in PUFAs and n-3 PUFAs were domi-
nated among them independently of stages of growth. Saturated fatty acids (SFA)
were dominated in sulfoquinovosyldiacylglycerols (SQDG). Triacylglycerols (TAG)
and diacylglycerols (DAG) contained many PUFAs, especially n-6 PUFAs. Signifi-
cant concentration 20:3 n-6 was in the triacylglycerols. The concentration of chloro-
phylls and carotenoids was increased with the growth and maturation of S. pallidum
and reached maximum in period of highest day length and water temperature. The
content of pigments decreased with the onset of short days and decreasing water
temperatures. Nutritional value and benefit for health of human this alga were eva-
luated. The n-6/n-3 PUFAs ratio, nutritional quality index (atherogenic and throm-
bogenic indices, and ratio between hypocholesterolemic and hypercholesterolemic
fatty acids) were low, suggesting a high nutritional value of S. pallidum throughout
the year.
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1. Introduction

Algae of the genus Sargassum (Ochrophyta) are widely distributed from the temperate
to tropical latitudes of the World Ocean and they are actively studied. They demon-
strated antioxidant [1]-[3], immune stimulating [2]-[4], and anti-inflammatory activi-
ties [5]. In the last decade, many researchers paid attention to Sargassum sp. from nu-
tritional point of view [6]-[11]. Certain species as S. fusiforme, S. horneri, S. pallidum,
and S. thunbergii used in herbal medicine [12]. A number of publications have demon-
strated the attractiveness of PUFAs Sargassum sp. [7], [9] [12]-[20]. PUFAs are used
primarily for evaluation nutritional and pharmaceutical characteristics of algae [7], [9],
[12], [16], [19], [21], [22]. Other bioactive substances found in Sargassum sp. were
monogalactosyldiacylglycerols that showed antifungal [23] and fibrinolytic activities
[24]. Sulfoglycerolipid demonstrated antibacterial [25] and antiviral activities [26]. The
carotenoid fucoxanthin has an antioxidant and anticancer properties [27], and has
shown anti-inflammatory effect [28]-[30]. Seasonal accumulation of these compounds
may be of interest for applied purposes. Keen interest in the use of seaweeds as nutra-
ceutical and in pharmaceutical purposes leads to develop artificial cultivation of Sar-
gassum sp. This is particularly well developed in China, where the cultivated S. fusi-
forme, S. thunbergii, S. fulvellum, S. muticum and S. horneri, in Korea—S. fusiforme
and 8. fulvellum, and in USA—S. filipendula, S. natans, S. fluitans, S. muticum [31]
[32]. At the same time the studies of natural algae do not lose relevance. Investigation
of composition and content of bioactive substances in local species seaweeds remains
an important task in many coastal and island countries. The content of all complexes of
compounds as protein, total dietary fiber, ash, lipids was investigated only in a small
number of algae. Foremost, seasonal variations in these nutritional components were
investigated in 8. Aorneri taking into account its growth and maturity, as well as sea-
sonal changes in biomass and moisture was estimated [6]. Seasonal variations of total
lipids, fatty acid composition, and fucoxanthin contents in details were investigated al-
so for S. horneri [20]. In general, seasonal changes in content of lipids and their com-
ponents, primarily PUFAs, in several species of red algae [33], green algae [34], and
brown algae [20], [35]-[42] were presented. Comparative study of content of phospho-
lipids and glyceroglycolipids [43], and variations fatty acids of these lipids [38] were
performed for S. pallidum collected only in March and in August, at water temperature
2.9°C and 23°C respectively. The study the lipid parts of algae stays in a trend as lipids,
their fatty acids, carotenoids and sterols are used as functional supplements in human
diets, pharmaceuticals, and cosmetics.

In the present work was investigated the dynamics of changes of content of total li-

pids, and major components polar and neutral lipids, and also pigments in S. pallidum
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in different months of the year taking into account the stages of life cycle. A special at-
tention was paid to the fatty acids of total lipids as well as to the accumulation of im-
portant PUFAs in bioactive glyceroglycolipids and neutral lipids (triacylglycerols and
diacylglycerols) in the seasonal cycles of growth. Benefit of PUFAs for human health
was evaluated by nutritional indices. They were such as the ratio n-6/n-3 PUFAs, and
the atherogenic (AI) and the thrombogenic indices (TT), and ratio between hypocholes-
terolemic and hypercholesterolemic fatty acids (H/h). Such information has of practical

importance to assess the S. pallidum with nutritional and pharmaceutical point of view.

2. Materials and Methods
2.1. Plant Material

Samples of Sargassum pallidum (Turner) C. Agardh (Phaeophyceae, genus Sazgassum)
were collected from March to December during of 2014 at 0.5 - 2.0 m depth from Tri-
nity Bay (42°38'N and 131°06'E) Peter the Great Gulf of the Sea of Japan. In this bay is
located marine experimental station of the Pacific Institute of Bioorganic Chemistry.

2.2. Extraction of Lipids

Algal thalli (5 samples) were cleaned from sand particles and epiphytes and rinsed in
running water. Samples were dried out with filter paper and weighed to determine the
wet weight (WW), cut into pieces, crushed in a blender and well mixed. Thereafter, 3
samples (each weighing 100 g) were taken for drying in an oven at 60°C under vacuum
to constant weights. A weight dry algae (DW) was determine by the gravimetric me-
thod. Extraction was performed by the modified method of Bligh and Dyer [44]. In-
itially, the sample was extracted twice with methanol and then with chloroform/met-
hanol in ratios of 1:2 and 1:1 (v/v). The extracts were combined, and chloroform was
added to a ratio of chloroform-methanol 1:1 (v/v). Distilled water was added to form a
biphasic system. The chloroform layer was separated and concentrated to dryness in
vacuum on a rotary evaporator. Samples of lipids stored at —25°C in hermetic retorts
before analysis. The total lipids (TL) content was determined by the gravimetric me-
thod as percentage of DW. The moisture content (%M) of the sample is calculated us-
ing the following equation: %M = (WW — DW/WW) x 100.

2.3. Lipids Analysis

GL content was determined according to the sulfuric-orcinol procedure of Pollet et al
[45] with slight modification. Briefly, thin layer chromatography (TLC) for the GL was
carried out on the 12 x 12 cm plates covered with silica gel 60F254 (Merck, Germany).
The mobile phase was acetone/benzene/water 91:30:8 (v/v/v). Spots corresponding to
several classes GL were scraped off the plate in a tubes and sulfuric-orcinol reagent was
added. The test tubes were warmed to 80°C for 20 min. After centrifugation, the absor-
bance was measured at 505 nm. MGDG, DGDG, and SQDG were using for constructed
of calibration curves. PL was quantified based on the content of phosphorus using mo-
lybdate reagent [46]. Neutral lipids were analyzed by TLC on the 12 x 12 cm plates
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covered with silica gel 60F254 in developing solvent mixture hexane/diethyl ether/
acetic acid 80:20:1 (v/v/v). The contents of TAG, DAG, and free fatty acids (FFA) were
estimated by gas chromatography (GC), using nonadecanoic acid (19:0) as an internal
standard [47]. The free sterols content was determined by the Liebermann-Burchard
color reaction. The calibration curve was constructed with the fucosterol (Sigma-Aldrich)
standard. The optical density was measured in a spectrophotometer (SF2000, Spektr, St.
Petersburg, Russia) at 625 nm.

2.4. Photosynthetic Pigments Contents

The content of carotenoids and chlorophylls were determined after separation extracts
on the plates 10 x 15 cm with silica gel 60F254 (Merck, Germany) using of mobile
phase hexane/acetone/diethyl ether 50:20:4 (v/v/v). Carotenoids were identified by
comparison with authentic standards of fucoxanthin and b-carotene (Sigma-Aldrich).
Major carotenoids and chlorophylls bands were scraped off the plate and eluted with
chloroform. Absorption maxima (max, nm) were measured with using the SF 2000
spectrophotometer (Spektr, St. Petersburg, Russia). Quantitative estimates of caroteno-
ids were determined using the following extinction coefficients of E1% (1 cm path) in
ethanol: 2500 for a mixture of pigments at max 450 nm [48] [49] and 1280 at max 448
nm for fucoxanthin [50]. The total chlorophylls content was determined using of E1%

840 (in acetone) at max 663 nm [48].

2.5. Lipids of Isolation

The total lipids were fractionated on silica gel column (12 x 2.0 cm, 40/100 um). NL
was eluted consequently with n-hexane (fraction 1) and solvent mixtures of n-hexane/
diethyl ether (95:5 > 50:50, v/v, fractions 2 - 7) and with chloroform (fraction 8). Frac-
tion 1 incorporated b-carotene, wax esters, sterol esters. Fractions 2 and 3 incorporated
TAG and FFA at different proportions; fractions 4 - 5—FFA (trace), free sterols and
chlorophylls; fractions 6-7—DAG, chlorophylls, fucoxanthin, free sterols (trace); frac-
tion 8—fucoxanthin and other carotenoids. After that the GL were eluted with mixtures
of chloroform/acetone (90:10 > 50:50, v/v, fractions 9 - 13). Fractions 9 - 10 consisted
MGDG, MGDG with monogalactosylmonoacylglycerols (MGMG); fraction 11—
DGDG with betaine lipid and chlorophylls, fractions 12 - 13—SQDG with chlorophylls
and trace of PL. The elution process was monitored by TLC with authentic lipid stan-
dards of NL and GL. The fractions containing identical substances were combined,
dried in vacuum and dissolved in chloroform. TAG and DAG were purified from con-
taminants by preparative TLC on 12 x 12 cm plates with silica gel (silica gel 60F254,
Merck, Germany), using developing solvent mixture for NL. MGDG, DGDG and
SQDG were purified in a similar way. For MGDG purification using mobile phase ace-
tone/benzene/water in ratio 91:30:4 (v/v/v) and for DGDG and SQDG mobile phase for
GL (see above). The classes of lipids were visualized under UV, scraped off in tube with
filter and eluted by chloroform/methanol 2:1 (v/v) from the silica gel. Solvents were

drying and prepared fatty acid methyl esters (FAME).
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2.6. Fatty Acids Methyl Ester Preparation

FAME was prepared according to the method of Prevot and Mordret [51] with slight
modification. Briefly, 2 mL n-hexane and 0.4 mL potassium hydroxide in methanol 2 N
was added to an aliquot of lipids, vortexes for 30 s and incubated at 50°C up to 2 min.
Then, 0.4 mL 2 N hydrochloric acid in methanol was added to the solution and vortex-
es up to 3 min at room temperature. The mixture was left for 1-2 min. After that, the
upper hexane layer containing FAME was recover and crude FAME were purified by
TLC using benzene/hexane 30:70 (v/v) as mobile phase and analyzed by GC on GC
Shimadzu 2010 Plus (Japan) with a flame ionization detector. Supelcowax 10 column
(30 m x 0.25 mm ID x 0.25 um film, Supelco, USA) was used (isotherm, 210°C; He—1
mL-min~'; He—linear velocity, 40 cm-sec™'). FAME was identified by using equivalent
chain length (ECL) values [52]. For determination of double bond, positions were used
pirrolidide derivatives (N-acyl pirrolidides). These prepared by direct treatment of
FAME with pyrrolidine/acetic acid 10:1 (v/v) at 80°C for 45 min [53] and purified by
TLC in mixture hexane/diethyl ether 2:1 (v/v). The pyrrolidides were analyzed by gas
chromatography/mass spectrometry (GC/MS) on Agilent 6890 gas chromathograph
with quadrupole mass selective detector (MSD) HP 5973 (ionization energy was 70 eV)
and HP-5ms column (30 m x 0.25 mm ID x 0.25 um film, Agilent, USA). Temperature
regime was programmed: 205°C—>5 min, 5°C min™' to 240°C, 20°C—30 min; He—1.3
mL-min~". The solvent delay for pirrolidide derivatives was 3 minutes.

2.7. Nutritional Indices

The nutritional quality of the lipids was assessed by considering three indices: athero-
genic, thrombogenic, and the ratio between the hypocholesterolemic and hypercholes-
terolemic fatty acids. Al and TI indices calculated by the method of Ulbricht and
Southgate [54]:

Al =C12:0 + 4 x C14:0 + C16:0/2 MUFAs + X n-6 PUFAs + Z n-3 PUFAs

TI = C14:0 + C16:0 + C18:0/0.5 x £ MUFAs + 0.5 x £ n-6 PUFAs + 3 x £ n-3 PUFAs +
2 n-3/n-6

Ratio between H/h fatty acids calculated by the method Santos-Silva et al [55]:

H/h = C18:1n-9 + C18:2n-6 + C20:3n-6 + C20:4n-6 + C18:3n-3 + C20:5n-3 + C22:6n-3/
C14:0 + C16:0

2.8. Statistical Analysis

Mean values (percentage) and their standard deviations (SD) for each component were
calculated of three replicate assays using the Microsoft Excel computer program (Mi-
crosoft Corp., USA). Figures were built using Microsoft Office Excel.

3. Results

3.1. Seasonal Changes in Moisture Content and Dry Mass

Seasonal variations in the moisture contents of Sargassum pallidum were in range 75.2% -
82.4% WW (Figure 1(a)). A weight of dry algae (dry mass) varied in range 17.6% - 24.8%
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Figure 1. Seasonal variations in the moisture content (a) and dry mass (b) in Sargassum pallidum.

WW Figure 1(b).

3.2. Seasonal Changes in Total Lipids Contents

Seasonal changes in content of TL are shown in Table 1. The lipids content of S. palli-
dum vary significantly throughout the year. They were in a range of 1.99% - 8.15% DW
of algae (19.9 - 81.5 mg/g DW). There was two minimum in TL content: in May (the
end of vegetative stage) and in September (after reproduction) and two maximum: in
March (after a period of slow growth rate in winter) and June-August (period of growth
and maturation, Table 1).

3.3. Seasonal Changes in Contents of Lipids Classes

Total lipids include such classes as GL and PL, and NL. There were variations in con-
tent all classes of lipids in the course of a year. The glyceroglycolipids identified by TLC
were MGDG, DGDG, and SQDG. Minor component was monogalactosylmonoacyl-
glycerols in summer only. GL were the main polar components of TL. Significant varia-
tion in GL content throughout the seasons was observed. That was in range 20.3% -
36.4% of TL (Table 1). SQDG and MGDG were the main components of GL and
reached 8.8% - 17.9% and 5.3% - 12.9% respectively while the level of DGDG was low
(2.7% - 9.5%).

The content of PL was 3.2% - 6.9% of TL. The highest amounts of PL were present in
the alga in November-December and in March.

NL varied in range 19.8% - 30.6% of TL. The highest NL values were in March, in
August and in November-December. The basic components of the NL were TAG (9.4% -
16.1%). In S. pallidum was determined DAG, which varied from 0.8 to 6.2% through-
hout the year. Free sterols varied in range 4.1% - 6.4%. TLC identified free fatty acids
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Table 1. The contents of total lipids, classes of lipids and pigments in Sargassum pallidum in different seasons.

Months of collected of algae/water average temperature

Component 6/03 7/05 6/06 10/07 8/08 6/09 6/10 4/11 4/12
-1.0°C +7°C +12°C +18°C +22°C +19°C +14°C +6°C -1°C
TL! 8.15+0.03 221+0.01 751+0.04 551+0.01 509+0.01 199+0.02 278+0.03 3.63+0.05 3.87+0.03
MGDG 8.9+0.1 12.8 + 0.4 9.6 +0.2 10.4 +0.2 5.3+0.3 12.9 + 0.6 11.6 + 0.4 11.1+0.2 7.7 +0.1
MGMG 0.2 +0.0 0.5+ 0.0 0.7 + 0.0
DGDG 6.3+0.1 2.7+ 0.0 6.0 +0.3 6.5+0.1 5.5+ 0.0 7.3+02 6.9 +0.2 6.2+0.1 9.5+ 0.5
SQDG 12.6 + 0.3 17.9 + 0.7 15.6 + 0.3 16.5 + 0.6 8.8 +0.1 16.2 + 0.4 12.7 + 0.1 13.3+0.3 14.2 + 0.6
Sum GL? 27.8 +0.5 334+ 1.1 31.4+0.8 33.9+0.9 20.3 + 0.4 36.4 + 1.2 31.2+0.7 30.6 + 0.6 314+ 1.2
Sum PL? 5.1+0.1 43+03 3.8+0.1 3.5+0.1 32+0.0 4.6+0.2 4.8 +0.1 54+0.2 6.9 +0.3
TAG 10.8 + 0.6 13.6 + 0.3 13.0 + 0.5 13.2+0.2 9.4 +0.1 9.9+0.3 153+ 0.4 14.4 + 0.5 16.1+0.2
FFA 5.9+0.1 3.4+0.1 1.2+0.0 1.0 + 0.0 7.0 + 0.5 0.8 +0.0 1.1+0.0 33+0.1 1.9+0.1
DAG 5.0 + 0.4 0.8 +0.0 4.1+0.1 4.1+02 4.9+0.7 4.9+0.3 42+0.2 5.8 +0.5 6.2+0.2
Free sterols 6.2+0.3 4.4+0.0 4.5+0.1 4.1+0.0 42+0.2 42+0.3 4.2+0.0 52 +0.1 6.4+0.2
Sum NL2 279 + 1.4 22.2+0.4 22.8+0.7 22.4+0.4 264+ 1.5 19.8 + 0.9 24.8 + 0.6 28.7 + 1.2 30.6 + 0.7
Chlorophylls 18.6 + 0.3 23.6+0.5 23.6+0.3 232 +0.2 26.8+0.5 23.5+0.1 20.7 +0.2 20.6 + 0.2 20.0 + 0.4
Carotenoids 10.8 + 0.5 11.8 + 0.3 13.4 +0.4 13.4+0.3 14.1 + 0.4 12.1+0.5 11.6 + 0.2 11.0 + 0.2 8.7 +0.2
Fucoxanthin® 6.9+0.1 7.1+0.2 7.9+0.2 83+0.1 9.3+0.2 9.0+ 0.3 72+0.1 6.3+0.0 6.0 +0.1
Sum PSP? 29.4+0.8 35.4+0.8 37.0 + 0.7 36.6 + 0.5 40.9 + 0.9 35.6 + 0.6 32.3+04 31.6 + 0.4 28.7 + 0.6
Other lipids* 8.0 4.7 3.7 2.3 7.6 2.0 3.4 2.6 3.0

Percentage of dry weight of algae. ?Percentage of TL. *Determined only the content of fucoxanthin. *Betaine lipids and non-identified lipids the content of substances
are presented as mean values + SD of three replicate assays.

(FFA). Their contents were in range 0.8% - 5.9% of TL.

3.4. Seasonal Changes in Photosynthetic Pigments Contents

Seasonal changes in PSP contents are shown in Table 1. The content of chlorophylls
varied in range 18.6% - 26.8%, carotenoids were 8.7% - 14.1 % of TL throughout the
year. The main carotenoid was fucoxanthin that varied in range 6.0% - 9.3 % in sum

carotenoids.

3.5. Seasonal Variations in Fatty Acids of Total Lipids

The FAs composition of total lipids is shown in Table 2. In the TL of S. pallidum 16:0,
16:1n-7, 18:1n-9, 18:2n-6, 18:3n-3, 18:4n-3, 20:3n-6, 20:4n-6, and 20:5n-3 were the ma-
jor fatty acids. Palmitic acid 16:0 was the dominating saturated fatty acid in TL
throughout the year (Table 2). Variations in the relative amounts of total SFA, total
monounsaturated fatty acids (MUFAs), total n-6 PUFAs, and total n-3 PUFAs were in
range 22.0% - 29.1%, 13.6% - 17.3%, 29.9% - 45.9% and 14.7% - 33.4% respectively
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Table 2. Fatty acid composition of the total lipids of Sargassum pallidum in different seasons (expressed as mean values + SD).

Months of collected of alga
FAs (as % of

total FAs) 6/03 7/05 6/06 10/07 8/08 6/09 6/10 4/11 4/12
SFA
14:0 41402 42402 3.8+0.3 3.6+0.4 3.8+0.6 32402 3.5+0.0 53+0.0 3.9+0.1
15:0 0.5+ 0.0 0.3 +0.0 0.3 +0.0 0.3 +0.0 0.2 +0.0 0.2 +0.0 0.2 +0.0 0.3 +0.0 0.1+0.0
16:0 229+10  174+03  182+05  174+03  207+02  184+02  208+00  17.6+01  21.8+0.9
18:0 0.2 + 0.0 0.8 +0.0 0.1+ 0.0 0.5 +0.0 0.4+ 0.0 0.4 +0.0 0.7 +0.0 0.6 +0.0 0.3 +0.0
20:0 0.2 + 0.0 0.2 +0.0 0.5+ 0.0 0.1+ 0.0 0.3 +0.0 0.3 +0.0 0.2 +0.0 0.3 + 0.0 0.4 +0.0
22:0 12+0.0 0.2 +0.0 0.4 +0.0 0.1+0.0 0.5+ 0.0 0.1+0.0 0.6 +0.0 0.1+0.0 0.8 +0.0
MUFAs
16:1n-7 7.4+0.1 3.7+0.1 6.5+0.1 63+02 63+0.5 5.8+0.3 6.8+0.5 59+0.1 7.0 +0.3
18:1n-7 0.5+ 0.0 0.6 + 0.0 0.5 +0.0 0.7 +0.0 0.6 +0.0 0.4 +0.0 0.4 +0.0 0.1+ 0.0 0.5 +0.0
18:1n-9 6.4+0.5 7.5+0.5 7.0 +0.1 53+0.3 54+0.6 7.7 +0.4 8.5+0.1 9.0 +0.2 7.8 +0.4
20:1n-9 1.6+ 0.0 0.9 + 0.0 1.0 + 0.0 1.7+0.1 1.7+0.3 1.1+0.0 1.0 + 0.0 12+0.1 1.0+ 0.0
22:1n-9 1.1+0.0 0.9 +0.0 1.0+ 0.0 1.2+ 0.0 12+0.0 0.9 +0.0 0.6 +0.0 1.0 + 0.0 0.9 + 0.0
n-6 PUFAs
16:2n-6 0.3 +0.0 0.4 + 0.0 0.1+0.0 0.5+ 0.0 0.1+0.0 0.3 + 0.0 0.8 +0.1 0.5+ 0.0
18:2n-6 9.1+0.2 9.2+0.4 107+04  144+04  150+03  156+02  125+01  112+01  109+0.7
18:3n-6 1.6 +0.2 1.5+0.1 1.5+0.1 1.7+0.1 1.7+0.2 22+0.1 2.1+0.3 41+04 1.2+0.0
20:3n-6 5.0 +0.5 3.8+0.2 3.9 +0.0 9.6+ 0.4 8.1+0.1 6.5+0.3 4.5+0.0 47+0.1 6.0 +0.2
20:4n-6 176 +0.7  154+04  173+03  201+09  180+0.6  19.6+02  200+03  134+0.1  17.1+08
n-3 PUFAs
18:3n-3 53+0.3 6.8 +0.3 6.6+0.5 73+05 7.6+0.7 5.8+0.3 5.8 +0.4 5.1+0.2 5.0+0.3
18:4n-3 7.0 +0.3 119+06  9.1+05 3.6+0.1 3.6 +0.1 57+0.1 6.4+0.2 8.6+0.2 7.9 + 0.6
20:5n-3 53+0.3 147+03  9.8+05 3.4+0.1 33+0.1 49+04 4.6+0.1 9.9+ 0.6 54+0.2
22:6n-3 0.1+ 0.0 0.2 +0.0 0.5 +0.0 0.2 +0.0 0.2 +0.0 0.2 +0.0 0.1+0.0
20:2n-9 26+0.1 12+0.0 2.1+ 0.0 0.9 +0.0 0.9 +0.0 0.5 +0.0 0.6 +0.0 14+0.1
3 SFA 291+12  231+05  233+08  220+07  259+08  22.6+04  260+00  242+01  27.3+1.0
¥ MUFAs 170+06  13.6+06  160+02  152+0.6  152+14  159+07  173+06  172+04  17.2+07
3 PUFAs 53.9+426  633+23  607+26  628+25  589+21  615+20  567+14  586+18  555+2.9

2 n-6 PUFAs 33.6+ 1.6 299+ 1.1 33.8+0.8 459 + 1.8 433 +1.2 44.0 + 0.8 39.4+ 0.7 34.2+0.8 357+ 1.7

% n-3 PUFAs 17.7 +0.9 33.4+1.2 25.7+ 1.5 14.8 +0.7 147 +0.9 16.6 + 0.8 16.8 + 0.7 23.8+1.0 184 +1.1

n-6/n-3 ratio 1.89 0.89 1.31 3.10 2.95 2.65 2.35 1.43 1.94
Al 0.57 0.46 0.44 0.43 0.49 0.41 0.48 0.53 0.53
TI 0.49 0.18 0.32 0.28 0.33 0.38 0.31 0.40 0.31

(Table 2). Constantly in TL was dominated unsaturated FAs and among their noticea-
bly higher was percentage PUFAs (53.9% - 63.3%). One more peculiarity of TL is the
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predominance of the n-6 PUFAs (18:2n-6, 20:3n-6, 20:4n-6) over of the n-3 PUFAs.
Only in May, TL had higher amount of the n-3 PUFAs than n-6 PUFAs (Table 2).

3.6. Nutritional Indices of Total Lipids

N-6/n-3 PUFAs ratio varied in range 0.89 - 3.10 (Table 2). The highest n-6/n-3 PUFAs
ratios were in July-October (2.35 - 3.10). Al varied in range 0.41 - 0.57, TI—0.18-0.49,
H/h—1.80 - 2.78 (Table 2).

3.7.Seasonal Variations in Fatty Acids of Glyceroglycolipids

MGDG and DGDG showed predominance of PUFAs (Figure 2(a) and Figure 2(b)
show the principal FAs). These classes of GL had identical composition of FAs, but sig-
nificantly differed in the content of the some fatty acids. MGDG and DGDG characte-
rized by the presence of high amounts of n-3 PUFAs as a-linolenic acid 18:3n-3, steari-
donic acid 18:4n-3, eicosapentaenoic acid 20:5n-3 and n-6 PUFAs as linoleic acid
18:2n-6 and arachidonic acid 20:4n-6. The content of n-3 PUFAs varied in range 31.2%
- 43.3% in MGDG and 30.9% - 48.9% of total FAs in DGDG. The content of n-6 PUFAs
varied in range 19.7% - 29.5% in MGDG and 19.9% - 28.9% of total FAs in DGDG. The
content SFA in MGDG varied in range 19.2-32.5 % and in DGDG, it was 20.0% - 27.6%
of total FAs. SQDG contained 49.3-64.1 % SFA, 20.4-26.7 % MUFAs and 8.2% - 15.5%
PUFAs. This GL had greatest content SFA and lowest content PUFAs (Figure 2(c)).
16:0 was the main FA among SFA. All classes GL had noticeable amounts palmitoleic
16:1n-7: in MGDG, it was in range 4.1% - 6.4%, in DGDG—1.7% - 8.6 % and in
SQDG—4.3% - 11.7% of total FAs.

3.8. Seasonal Variations in Fatty Acids of Triacylglycerols and
Diacylglycerols

Seasonal variations in FAs composition of TAG and DAG are present in Figure 3(a)
and Figure 3(b). In TAG dominated PUFAs—44.0% - 73.8% and n-6 PUFAs were in
the first place (Figure 3(a)). Among them 18:2n-6 and 20:4n-6 was the main—12.9% -
23.9% and 6.8% - 17.2% respectively. In addition, TAG was rich in dihomo-gamma-
linolenic acid 20:3n-6 (3.8% - 16.6% of total FAs) compared to other lipids. The content
SFA varied in range 13.2% - 32.8% and MUFAs was 13.0% - 25.0%. FA 16:0 (7.4% -
20.4%) and 18:1n-9 (4.4% - 15.6%) dominated in SFA and in MUFAs respectively.
DAG had higher level of SFA (37.7% - 49.0%) than TAG and 16:0 (24.9% - 35.7% of to-
tal FAs) dominated (Figure 3(b)). Percentage of PUFAs in DAG was lower or similar
with TAG. FA as 18:2n-6 varied from 7.3% to 24%, 20:4n-6 from 6.8% to 29.3%, and
20:3n-6 from 3.8% to 10.8% (Figure 3(b)).

4. Discussion

4.1. Seasonal Changes in Moisture Content and Dry Mass

In general, variations moisture content was not too big (Figure 1(a)). The highest per-

centage of moisture was in the spring, when the alga was in vegetation, as well as in
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Figure 2. Monthly variation in major fatty acids MGDG (a) DGDG (b) and SQDG (c) in Sargas-
sum pallidum.

June and July, when the alga is actively grows. Dry mass increased in August (21.6%
WW), and reached its maximum in September (24.8%). In October, November and
December it was quite high (23.7; 23.1; 22.3% respectively), but in spring (May) it was
17.6% WW (Figure 1(b)).

The above results showed that such characteristics as contents of TL, and different
classes of lipids, and FAs contents, and PSP in §. pallidum that was collected in the Sea
of Japan changes in the course of year and covers its vegetative period, and stages of
growth, the maturation, and reproduction. It was noted that a seasonal changes in abi-

otic factors runs these annual cycles of growth of Sargassum sp. [56].
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Figure 3. Monthly variation in major fatty acids TAG (a) and DAG (c) in Sargassum pallidum.

4.2. Seasonal Changes in Total Lipids Contents

It is accepted that TL content of algae varies with temperature, light intensity, concen-
tration of nutrients in the water, salinity, etc. [57]. Sargassum sp. of temperate-cold wa-
ters showed a relatively higher quantity of TL as compared with these algae from tropi-
cal zone. So Sargassum sp. from Bohai Sea accumulates 1.71% - 1.88% TL (17.2 - 18.8
mg/g on WW) [15] and in seven species of these algae from Gujarat coast India the TL
content varied in range 0.57% - 2.0% (5.7 - 20 mg/g on WW) [19]. . natans from trop-
ical seas contains 10 mg/g TL on DW [7]. Five Sargassum sp. of the coast of Japan con-
tain 27.5 - 62.6 mg/g TL on DW [39]. The study of seasonal changes in TL content in
thalii of S. horneri from different habitats of Japan showed an increase in their content
from October to January, a slight decrease in April and a further decline in their level
until June. The minimum content of lipids (47.4 mg/g DW) was October [20]. On av-
erage, TL content reached 102 mg/g DW. The content of TL in this alga from other lo-
cation was appreciably higher. It was 142 mg/g DW [20]. S. hAorneri of Fukuoka Prefec-
ture (Japan) has no substantial changes in the content of total lipids. A slightly higher
content of lipids was shown at the growth of alga (in January and in February, 9.9 - 10.1
mg/g of DW), a decrease their content in period maturation (in March and in April, 9.5
and 6.2 mg/g DW respectively), the lowest content was in physiologically old algae
(5.26 mg/g DW) [6].

Water temperature is one of the most essential factors that may influence the content
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of lipids and especially unsaturated fatty acids in the algae and this factor, in the first
place, is regarded by many investigators [20] [33] [35] [37] [43]. The above results
showed that such characteristic as content of TL 8. pallidum of the Russian coasts of the
Sea of Japan changes in the course of year and covers all stages of life cycle.

Biomass of 8. pallidum increases until the winter due to the accumulation of organic
and mineral substances; in winter, there is a relatively slow growth rate [58]. At a slow
rate of growth, there is a decline in energy requirements. Early March alga had the
highest level of lipids (Table 1). In March S. pallidum began the vegetative reproduc-
tion that was to May. The vegetative stage took place at a water temperature —1°C +
7°C. Young algae, which were harvested in May, showed nearly fourfold fall in TL con-
tent in comparison with March. Main triggers of maturation considered water temper-
ature and day length [59]. The maturation of S. pallidum at high rate of growth (growth
1) correlated with water temperature 12°C - 22°C in June-August. In this period, the
content of TL was quite high and remained relatively high in reproductive alga. The
minimum level of TL was in September after reproductive phase of algae. In October at
water temperature 14°C started the next growth phase (growth 2) and the lipid content
slightly increased. Then in November and December, the content of TL continued to
grow, but the water temperature at the same time decreased to —1°C. Thus, the alga .
pallidum demonstrated pronounced variations in the content of total lipids associated
with changes of seawater temperature. The contents of lipids in different Sargassum sp.
of coasts of the Sea of Japan showed general trend to accumulation of lipids in the
colder periods and then their variation at stages of life cycle. The level of content TL

showed species-specific character and its dependence from geographical location of alga.

4.3. Seasonal Changes in Contents of Lipids Classes

GL were major components polar lipids of S. pallidum (Table 1). It has long known
that glyceroglycolipids of vegetables contribute significantly in the health benefit [60].
MGDG isolated from fresh spinach leaves demonstrate inhibitory effects on tumor
promoter-induced Epstein-Barr virus (EBV) activation [61] and exhibited higher anti-
inflammatory activity than indomethacin, a well-known cyclooxygenase (COX) inhibi-
tor [62]. Galactolipids as shown were responsible for the anti-tumour promoting activ-
ity of jute, a well-known medicinal vegetable in North Africa and Asia [63]. Intensive
study of algae showed that their GL also exhibit different biological activity, for exam-
ple, anti-tumour [64] [65], anti-inflammatory [66] [67], antiviral [26], and antibacterial
[25] [68] activities that continues to attract attention to these substances. As shown
previously, the GL contents in S. pallidum were close enough in March and in August
[43]. However, we have discovered appreciable variation in GL contents throughout the
year. The share of GL increased at the end of vegetation stage in May, when growth
started and it remained high until the reproduction. In August alone, at the end ripen-
ing of alga, there was considerable decrease content of GL (Table 1). After stage of re-
production the content of GL rises sharply and then starts a fall with decrease water

temperature and day length.
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Noted that glycoglycerolipids of chloroplasts of algae, where MGDG and DGDG are
the most abundant lipids of thylakoid membrane, plays a crucial role in photosynthesis
[69]. Seasonal variations in the contents classes of GL are taking place also. The balance
was observed between uncharged MGDG and charged SQDG. The concentrations of
MGDG and SQDG are varied simultaneously (Table 1). SQDG prevailed in S. pallidum
that been characteristically for this alga [70]. This acidic lipid concentrated in outer and
in the inner chloroplast thylakoid membrane, where it performs a structural function,
SQDG-pigment interaction, and SQDG-protein interaction. Benson [71] supposed that
SQDG might assist the orientation chlorophyll molecules in the membranes. Amount
of SQDG increased at maturation of chloroplasts [72]. Accumulation SQDG was most
noticeable at the end of the vegetation and a period of fast growth S. pallidum. At the
same time there was an increase in the concentration of chlorophylls (Table 1). We
have noticed that the share of DGDG in the TL was relatively low. It varied in different
months in a small range, with the exception of May, when the proportion of DGDG
was the lowest and in December, when it was highest. Period of reproduction characte-
rized by a decrease of content all classes of GL. It is interesting to note that in the sum-
mer months we found very small amounts lysoform MGDG, in particular, MGMG
(Table 1). Nuclear magnetic resonance spectroscopy (NMR) we earlier confirmed
chemical structure of this lipid as 1-O-acyl-3-O-(f-D-galactopyranosyl)-sn-glycerols
[73]. Increasing all classes of GL observed again after the reproduction.

Share of PL in 8. pallidum was small in the course of year; however, their content was
higher at lower water temperatures in March and November-December (Table 1). As
shown earlier, the content of PL is about twice was higher in the winter [43]. Betaine li-
pid in 8. pallidum was present in the course of year at different water temperatures. It
should be noted, that TLC has previously showed this lipid in S. pallidum [43] [74], but
the structure has not been corroborated. The structure of this lipid from S. pallidum
was confirmed by NMR as 1,2-diacylglyceryl-3-O-2’(hydroxymethyl)- (N, N, N-trimethyl)-
p-alanine by us [73].

The highest NL concentrations were found in March, in August and in Novem-
ber-December (Table 1). In NL dominated TAG (Table 1). It is believed that TAG is
not only the reserve substances. They easily are involved in the catabolism of cells,
where produce the necessary energy, and also participate in the process of adaptation to
the environment [75]. TAG accumulation observed from May to July at high rate of
growth with increasing biomass, and in October-December, when was the next phase
growth (growth 2). This was most likely due to the high concentration of nutrients in
the water. The relatively low concentration TAG was in August in reproductive phase
and after reproduction in September, probably, due to the energy needs of the repro-
ductive phase and regeneration. Practically the same content of TAG in . pallidum in
the winter (at 2.9°C) and summer (at 23°C) was shown earlier [43]. In S. pallidum we
also found of DAG, whose structure confirmed by 'H-and C-NMR spectroscopy as 1,
2-diacyl-3-hydroxy-sn-glycerols [76]. Appreciable content DAG was detected on all
stages life cycle of S. pallidum (Table 1). It is believed that DAG is required for the
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biosynthesis of SQDG by transferring of sulfoquinovose to diacylglycerol [77]. Infor-
mation about DAG in brown algae is extremely rare. Only in brown alga Cladosiphon
okamuranus this lipid was found [78]. Elevated levels of free fatty acids in March and in
August drew attention. In the first case, the algae start the period of vegetation, and in
August, the algae have ripe receptacles. The high levels of FFA also have found in some
species of algae. For example, in young and actively growing brown alga Egregia men-
ziensii FFA levels reached 18% - 26% in winter-spring and in summer-autumn period,
they were 0.7% - 3.5% of the TL [37]. In the brown alga C. okamuranus FFA were the
order of 45% of the TL [78]. The authors have shown that FFA was the result by the
cleavage of both ester bonds of MGDG and DGDG by the action of galactolipase. As
the result, significant amounts of the lyso-compounds (MGMG and DGMG) and FFA
were presented in lipids. Their FA composition was similar to that in the initial sub-
strate. S. pallidum, as stated above, has very small amounts MGMG in the summer
months only.

The content of free sterols in TL of S. pallidum was not high. In the colder months in
March and in December, the level of free sterols was higher than in the warmer months
(Table 1). At the same time, nearly the same content free sterols in S. pallidum in the
winter and summer was shown earlier [43]. As was noted, in seaweeds of genus Sar-
gassum the percentage of one of the dominant sterols as fucosterol was higher in winter
and spring [39].

4.4. Seasonal Changes in Photosynthetic Pigments Contents

Environmental conditions, including light intensity, exert influence on algal functional
activity and its pigment apparatus. Concentration of PSP in S. pallidum was high and
content of chlorophylls was higher than carotenoids approximately twice (Table 1).
The photosynthetic efficiency is known to be regulated by changes in chlorophylls con-
tent [79]. Their content increased with the growth and maturation of S. pallidum [58].
Really, we observed this in the end of the vegetation and in the active growth phase in
May-July, when was increase of biomass. Content of chlorophylls reached maximum in
August in period of highest day length and water temperature on stage of reproduction.
The concentration of carotenoids, photo protective pigments, has also increased at this
time (Table 1). Increasing the concentration of products of photosynthesis in summer
reduces intensity of photosynthesis with the shortening of day length. We observed that
chlorophylls concentration decreased of slightly on growth stage 2 (begins in October)
along with the content of carotenoids. Preservation photosynthetic activity at different
stages of the life cycle of S. pallidum, apparently, is typical of this alga. Therefore prob-
ably, on growth stage 2 content of TAG increased significantly (Table 1).

Carotenoids constituted a significant share of low molecular metabolites in the algae
genus Sargassum [20] [39] and fucoxanthin was the main component of carotenoids
[20] [39] [80] [81]. In Sargassum sp. of the Sea of Japan amounts of fucoxanthin varied
from 3.4 up to 5.9% of total lipids [39]. In S. pallidum, it changed from March to De-

cember in the range of 6.0% - 9.3% with maximum in summer months and early au-
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tumn (Table 1).

4.5. Seasonal Variations in Fatty Acids of Total Lipids

In this section, attention was paid to variations fatty acids throughout the annual life
cycle of alga because the water temperature is a signal to the launch of different stages
of this cycle. Temperature seawater has a principal effect on the fatty acids composition.
Many authors had shown that low temperature of water results in elevated the level of
unsaturated fatty acids [35] [82] [83]. At the same time in certain algae was marked rel-
atively constant composition of fatty acids in winter and summer [83] [84]. It was typi-
cal for Ascophyllum nodosum, which lives in the northern part of the Atlantic Ocean,
where the water temperature not changed radically in the course of a year. Variations in
the fatty acids content attributed not only to environmental factors, but they also de-
pended on age and stage of growth of algae as was showed earlier [40] [41].

Table 2 shows the changes in composition of fatty acids of TL. The amount SFA was
relatively high at low temperature water in March and December. In addition, it was
relatively high in August (water temperature is 22°C) in the reproduction phase, also in
October (water temperature is 14°C) in the growth phase 2. Decrease in contents of
SFA was observed in the end of vegetation (in May) and before (June and July) and af-
ter reproduction (in September) also. The main FAs in MUFAs were 18:1n-9 and
16:1n-7. It is believed that the increased of oleic acid may be related to sori formation at
high water temperature [35]. However in 8. pallidum content of 18:1n-9 FA is not in-
creased towards the end of the growth phase, but there is an increase amount of 16:1n-7
relatively of vegetation phase (Table 2). In total lipids were dominated PUFAs (53.9% -
63.3%, Table 2). Total PUFAs content increased from March to May in vegetative pe-
riod and was high until the end of the growth phase 1 in July, but in the reproductive
phase, there observed decrease. In growth phase 2 (from October), it was lower than in
May-July. Peculiarity of this alga was the predominance n-6 PUFAs relatively n-3 PU-
FAs on all stages of life with the exception of May. In this month, the content n-6 PU-
FAs decreased, while n-3 PUFAs increased about two fold relatively of March. Among
n-6 PUFAs dominated 18:2n-6 and 20:4n-6. FAs 18:3n-3, 18:4n-3, and 20:5n-3 were the
main among n-3 PUFAs. Comparative analysis S. pallidum from other locations Rus-
sian Far Eastern coasts of the Sea of Japan showed that n-6 PUFAs were dominant
among FAs, however their levels were lower. So 18:2n-6 and 20:4n-6 was 8.8% and
17.0% respectively [13] and from another location they were 9.8% and 18.0% respec-
tively [38]. Sum n-3 PUFAs was 19.6% with dominant 18:3n-3 (8.5%) and 18:4n-3
(7.3%) [13]. Sanina et al [38] obtained results similar to those obtained Khotimchenko
[13] for algae collected in August. S. pallidum from the east coast of China had a slight
amount of PUFAs (11.8%), in which was dominated by 18:2n-6 (5.0%) and 20:4n-6
(3.3%), but n-3 PUFAs was only 1.7% [12]. The main FAs of this S. pallidum there were
SFA and MUFAs: about 61% and 27% respectively [12].

Species differences can be noted in the distribution of fatty acids in the total lipids in
the course of the year. So, in S. horneri the relative percentages of n-3 PUFAs were

generally higher in winter, the decline MUFAs occurred in January and April, but there
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were no distinct variations in the SFA and n-6 PUFAs [20].

4.6. S. pallidum as Source of Important Fatty Acids and
His Nutritional Value

The essential fatty acids linoleic (18:2n-6, LA) and alpha-linolenic (18:3n-3, ALA),
which are not synthesized in organisms of animals and humans can only be obtained
from food [85]. This is primarily fish and plant foods, vegetable oils of different nature.
These FAs are precursors of other fatty acids of this series. FA 18:2n-6 and18:1n-9 is
considered as high nutritional because of their protective role against cardiovascular
diseases [86]. N-3 PUFAs is also directly connected to preventing of immunologic dis-
eases [87] as well as decreasing chronically neurodegenerative diseases [88], rheumato-
id arthritis, osteoporosis [89]. Stearidonic acid (18:4n-3, SA) that constitutes the first
metabolite of ALA in the metabolic pathway leading to the endogenous production of
eicosapentaenoic acid (20:5n-3, EPA) and docosahexaenoic acid (22:6n-3) [90]. Re-
cently it was suggested that 18:4n-3 itself may be a surrogate for 20:5n-3 for health
promotion and disease prevention [91]. Soybean is a rich source of this fatty acid. Re-
cently, several studies indicated that dietary SA more efficiently, than ALA increases
EPA. Vegetable oils that containing SA may become a dietary source of n-3 PUFAs that
is more effective in increasing tissue n-3 PUFAs concentrations than the current
ALA-containing vegetable oils [92]. However, S. pallidum is also rich in these PUFA.
Algae can complement and even replace the traditional sources since they are rich in
PUFAs [93] [94]. As considers van Ginneken [7] marine macroalgae form a good, dur-
able and virtually inexhaustible source for PUFAs with an n-6/n-3 ratio of about 1.0.
This ratio that was recommended by the World Health Organization should be less
than 10 in order to prevent inflammatory, cardiovascular and nervous system disord-
ers. Apports Nutritionnels Conseilles (France) recommended n-6/n-3 PUFAs ratio 5:1
[95] and NATO workshop—4:1 [96].

N-6/n-3 PUFAs ratios in S. pallidum were within these recommendations in the
course of a year (0.89 - 3.10, Table 2). Artherogenic and thrombogenic indices were
less than one in the course of a year too, owing to the high n-3 PUFAs contents and low
n-6/n-3 ratios. H/h ratios were in range 1.80 - 2.78 (Table 2). Low values of AI and TI
are more favorable to health because they prevent the emergence of coronary diseases
[12]. Moreover, higher ratio between hypocholesterolemic and hypercholesterolemic
FAs that observed in the tilapia (1.56 - 2.10) was considered the more adequate for nu-
trition [97]. H/h ratios of S. pallidum were close to these parameters.

A growing number of studies published in the last two decades, support the view that
the foods have extraordinary opportunities to maintain or improve people’s health [98],
[99]. Algae and their natural components with biological activities can be part of new

functional foods.

4.7. Seasonal Variations in Fatty Acids of Glyceroglycolipids

Taking into account the importance of the GL as health promoting compounds, we

studied fatty acids composition in certain classes of GL and seasonal variations therein
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(Figures 2(a)-(c), we shown the main FAs). Plant glycolipids have a predominance of
fatty acids with chain length C18 (18:2n-6 and 18:3n-3). For example, 18:3n-3 accounts
for more than 90% of the total fatty acids of MGDG in leaf and stem vegetables [60].
MGDG and DGDG of S. pallidum include 16:0, 18:1n-9, 18:2n-6, 18:3n-3, 18:4n-3,
20:4n-6, and 20:5n-3 as main components. It should be pointed a high concentration of
16:1n-7 there: 4.1% - 6.4% in MGDG and 1.7% - 8.6% in DGDG. FA 16:1 was detected
in these GL in the range 3.2% - 4.7% previously [38]. MGDG and DGDG rich in n-3
PUFAs and n-6 PUFAs (Figure 2(a) and Figure 2(b)), which are considered essential
FAs since they are not biosynthesized by mammals and must be taken via food chains.
N-3 PUFAs prevailed in MGDG and DGDG irrespective of the temperatures and stages
of life. Significant accumulation 18:3n-3 in MGDG was from May to October (Figure
2(a)). Concentration 18:4n-3 was high throughout the year with the exception of July
and August. Accumulation 20:5n-3 was in May-July (Figure 2(a)). In DGDG 18:3n-3
was highest in July-August. Accumulation 18:4n-3 was in March, in May and Novem-
ber-December, and 20:5n-3—in March-July (Figure 2(b)). FA 18:2n-6 in MGDG va-
ried in range 7.3% - 14.6%, in DGDG—6.2% - 12.7%. FA 20:4n-6 in MGDG varied in
range 4.8% - 11.9%, in DGDG 5.5% - 13.4%. SQDG (Figure 2(c)), unlike the first two
GL, included many SFA (49.3% - 64.1%). MUFAs content was relatively high at all life
stages (20.4% - 26.7%) and it was generally higher than in the first GL. PUFAs was not
so many (13.5% - 29.3%) and n-6 PUFAs prevailed in them (8.2% - 15.5%).

Earlier investigation of summer-winter changes content fatty acids of MGDG of S.
pallidum showed accumulation of n-3 PUFAs in winter, while content n-6 PUFAs was
similar in both seasons [38]. Content n-3 PUFAs was higher in DGDG than in MGDG
and their increase was in winter too. Content n-6 PUFAs was lower in winter. In
SQDG, a content n-3 PUFAs was twofold higher in summer and n-6 PUFAs was
slightly higher in winter [38].

Amount of MGDG commonly exceeds DGDG in photosynthetic tissues, while
DGDG is predominant in non-photosynthetic tissue [100] [101]. Fluctuations in tem-
perature affected the fluidity cytoplasmic and thylakoid membranes. Changing the de-
gree of unsaturation fatty acids GL of S. pallidum, the length of their acyl chains allow
to regulate membrane fluidity at different environmental conditions that maintain their
physiological functions in normal state.

Galactolipids of S. pallidum unlike from plants galactolipids, include a significant
proportion of both C18 and C20. These lipids of S. pallidum can be a source of fatty
acids such as 18:2n-6, 20:4n-6, 18:3n-3, 18:4n-3, and 20:5n-3. Such profiles FAs suggest
that glyceroglycolipids could have potential benefits for health and interest as the food
supplement and in pharmaceutical industry. All classes of GL have a low ratio n-6/n-3
PUFAs. In MGDG, it was in range 0.45 - 0.86, in DGDG 0.41 - 0.69, in SQDG 1.13 -

1.68. This indicates their high nutritional value.

4.8. Seasonal Variations in Fatty Acids of Triacylglycerols and
Diacylglycerols

Seasonal variations in fatty acids of TAG and DAG were showed in Figure 3(a) and
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Figure 3(b). As shown earlier, S. pallidum contains many dihomo-gamma-linolenic
acid 20:3n-6 [14] that concentrates in the TAG [74]. This FA has attracted increased
attention as a precursor of prostaglandin E1 and a number of eicosanoids of high phy-
siological activity [102]. The determination of period accumulation of 20:3n-6 has a
practical importance. We found the highest amount of this fatty acid in the period from
August to March. Principal fatty acids of TAG were 16:0, 16:1n-7, 18:1n-9, 18:2n-6,
18:3n-3, 20:4n-6 Figure 3(a). Domination PUFAs was typical for TAG. Their content
varied in range 44.0% - 73.8% and n-6 PUFAs (34.1% - 64.6%) prevailed in PUFAs.
Two peaks in the accumulation of PUFAs were found. The first maximum was in
March, after slow growth in the winter. The second maximum was in September after
reproduction. The highest contents of n-6 PUFAs were in the same period. Lowering
the content of PUFAs began in May at the end of the vegetation, and it reached a min-
imum in the period of reproduction (from 63.1% to 44.0%). The contents of n-3 PUFAs
were relatively high from March to July (12.0% - 15.5%).

FAs compositions of DAG showed considerable differences from that of the TAG
Figure 3(b). The level contents of SFA were higher in DAG (37.7% - 49.0%) in contrast
to TAG (13.2% - 32.8%), but total PUFAs in DAG was lower than in TAG. In the DAG
also dominated n-6 PUFAs. The percentage of 20:3n-6 in DAG (3.8% - 10.8%) was
lower than in the TAG. In March and in October of this fatty acid was not found in
DAG. In the DAG in October dominated 18:2n-6, but in March and in October-
November there were 20:4n-6 Figure 3(b).

5. Conclusion

In our previous paper, we have shown that total lipids S. pallidum some lipid classes
and pigments have antimicrobial activity and could find application in medicine and
agriculture [68]. In the present work carried out a comprehensive study of the lipid part
of the algae at different stages of the life cycle. Seasonal dynamics in the accumulation
of different components was identified. The study revealed that in March and in the
summer the dry mass in S. pallidum is large and that there are a lot of lipids. The alga
has appreciable amounts GLs, TAG, and PSP. Like other researchers, we think that the
fluctuations in contents of different classes of lipids occur due to the functioning of
adaptation mechanisms, which increase the survival of algae in the habitat. The major
role belongs to the fatty acids in these processes. Variation in the degree of unsaturation
of fatty acids allows the algae to support the phase state of the membranes required for
their normal functioning in different conditions of environmental. The determination
of seasonal changes in content total lipids and their components, primarily fatty acids,
has of practical importance, as this allows selecting the optimal time to harvest of algae.
In general, this alga is suitable for the collection throughout the year. Nevertheless, col-
lect is most appropriate in March and summer since it is rich in lipids, and has many
PUFAs and carotenoids. With regard to the potential of nutritional application, S. pal-
lidum represents suitable source PUFAs with more preferable n-3/n-6 ratios. In addi-

tion, this seaweed can be used for the production of fucoxanthin.
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