Sys Rev Pharm 2020;11(11):1795-1803

A multifaceted review journal in the field of pharmacy

In Vitro Stiumlation of Ergosterol from Coelastrella Terrestris by
Using Squalene and Studying Antioxidant Effect

Altaf AL-Rawi, Fikrat M. Hassan* and Bushra M.].Alwash

Department of Biology, College of Science for Women, University of Baghdad, Baghdad — Iraq

*Corresponding author: fikrat@csw.uobaghdad.edu.iq

ABSTRACT

Ergosterol is one of the most important chemicals produced by algae, specifically
by microalgae, and the Squalene is the commonly known as a precursor for
biosynthesis of ergosterol. Coelastrella terrestris was isolated from sediment
sample collected from the banks of Tigris River and the modified Chu 10 culture
medium was used for algal growth and determining the optimum growth
condition (25) °C and 268 ME. m™2. sec™). In an attempt to further maximize
ergosterol production by C. terrestris. The optimal temperature and light growth
conditions 30 2C and 300 pE. m™2.sec” were tested under of different Squalene
concentrations treatments (0.1, 0.25, 0.5 and 1%). This combined treatment of
optimal culture conditions and Squalene was caused an extremely a highest
ergosterol production recorded (533.3 + 15.92 ppm) at 1% squalene in phase 2,
while the lowest production (54.3 + 2.48ppm) was at 0.10% Squalene in phase3.
The present study has further investigated the potential antioxidant activity of C.
terrestis crude extract and ergosteoleby the ability to scavenging free radical 2.2
diphenyl-1-picrylhydrzyl (DPPH). The results observed that antioxidant activity of
algal crude extract was lower antioxidant as compared with the ergosterol and
ascorbic acid (control), whereas antioxidant activity reached to 100% when used
with crud extract the concentration (2000 pg/ml), ergosterol (50 ug/ml) and
ascorbic acid (150 pg/ml). This study concluded that selectively combined culture
conditions of 302C and 300 pE. m™2. sec™' could maximize the biomass of the
newly recorded C. terristris and production of ergosterol. This study is the first
test of the ability of C. terristris to produce ergosterol and antioxidant activity.
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High production of ergosterol obtained from Coelastrella terrestris Squalene precursor induced the ergosterol production
from alga. The optimum temperature and light intensity (25°C and 268 uE. m™. sec™) used to produce high ergosterol.
Antioxidant activity of crud extract and ergosterol produced from C.terrestris noticed

INTRODUCTION

Secondary metabolites are a diverse group of low
molecular weight natural products synthesized by
animals, plants, bacteria, fungi and algae, but are not
required to survival of these organisms (1). Many recent
studies investigated secondary products extracted from
algae, also known as bioactive compounds, such as
steroids, vitamins, alkaloids, phenols and carotenoid (2).
Microalgae are described as the greatest natural sources
of bioactive molecules due to their potential to produce
these compounds in their cultures that are more difficult
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to produce by synthetic chemical compounds (3).
Secondary products have varied biological activities,
such as antioxidant, anticancer, antimicrobial and
bioremediation potential (4). Therefore, in medical
practice, many of these active compounds are used to
treat various diseases such as cancer, pain,
inflammation, viral, bacteria and fungi infection and
many other diseases, this fact has led to commercial
production of some algal secondary products by
fermentation technology, for example, Chlorella species
are commercial utilized to produce 13-1,3- glucan, that is
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used to reduce blood lipids, whereas Permeh et al. (5)
showed that the brown algae and two sea cucumber
species are potentially presented as the marine sources
of antioxidant compounds.

Ergosterol, cholesterol, chondrillasterol, poriferasterol,
28-isofucosterol, and other sterols are synthesized by
the Chlorophyta (6). Sterols were first reported in green
algae by Patterson et al. (7) who identified four major
components in Chlorell ellipsoidea. Microalgae have
ergosterol, 5a-ergost-7-en-3f3-ol,  22-trans-ergosta-
5,8,22-trien-3f-o0l and ergosta-5,8(9)-dien-3B-ol. As the
most common sterol, which plays a key role in cell
membrane and other cellular components (8). In
addition to its important uses as a parameter in ecology
and industry (9), ergosterol exerts crucial biological
activities as antioxidant, anti-inflammatory and
anticancer compound (10). Precursors addition are
attempts to improve growth and productivity of
secondary metabolites in plants and other
microorganism such as algae (10). When the precursors
are fed to culture media, they are incorporated into the
biosynthesis pathway of secondary metabolites (11).
The time of adding the precursor and its concentration
are to be considered when applying precursors to the
culture media (12). Several recent studies involved the
effect of the precursor on plants such as Jiao et al (13),
who investigated the effect of the precursor on alkaloids
accumulation, AL-Mukhtar [14] showed that medium
supplemented with 60 mg. L-1 tyrosine achieved the
highest weight of morphine and papaverine in Papaver
somniferum callus cultures. Another study by AL- Jubori
(15) which indicated that by adding anthranilic acid as a
precursor to the medium at different concentrations, this
led to increasing the alkaloid accumulation dianthalexin
in Dianthus caryophyllus callus cultures. While most of
the research on precursor influence on steroid
production was conducted on plants, very rare studies
have been addressing such effects on algae in general
and microalgae in particular.

The biosynthesis of ergosterol, as with other steroids,
start from a linear precursor called “Squalene” that is
formed by condensation of six isopentyle units (16) in a
complex biosynthetic pathway that can involve more
than thirty enzymes, Squalene together with cyclortenol,
are important intermediary compounds in sterol
biosynthesis (17).

Antioxidants are our first line of defense against free
radical damage, with low concentration of them is able
to prevent or delay the oxidation of substrate (18). While
oxygen is one of the most essential components for
living, oxygen is a highly reactive atom that is capable of
becoming part of a potentially damaging molecules
commonly called “free radicals”(19).Free radicals are
able to attack the healthy cells and cause oxidative
damage of proteins, DNA and other molecules that may
lead to several diseases such as cancer, decline in brain
function, heart diseases, and Alzheimer disease, among
others (20). The high reactivity of these radicals is due to
the presence of one unpaired electron which tends to
donate it or to obtain another electron to attain stability.
The study of antioxidant, the researchers used the
synthetic free radical like2.2 diphenyl-1-picrylhydrzyl
(DPPH)assay as free radical scavenging activity, it has a
violet color depending on unpaired electron and change
to yellow that was caused by the ability of antioxidant
substance to donate hydrogen to DPPH in order to
scavenge the free radical (21)
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The applications of synthetic antioxidants in medicine
and food have been prohibited because of the possible
risks posed to humans safety, the toxicity of these
compounds can lead to significant damage affecting
human health and safety, Therefore the need to find
novel natural compounds that can inhibit oxidation is
clear and increasing, since they lead to no risks or side
effects(22). The natural antioxidant compounds found in
many algae are more essential bioactive compounds that
play a good role against various diseases and ageing
through protecting the cell from oxidative reactions (23)
Steroids were extracted from the fresh algae laminaria
obtus and B-sistosterol showed quite strong antioxidant
activity (24) Similar activities have been also
demonstrated using aqueous extracts of sterols from the
red algae Acanthophors spicifera and Bryothamanion
triquetrum (25). The flavonoid and phenolic contents of
methanol extracts of the fresh green algae Chlorella
vulgaris and Chlomydomonas species demonstrated
obvious antioxidant, antibacterial and anticancer
activities (26). Spirulina platensis protein hydrolysates
can be used as nutritional food with antioxidant
properties (27). The green alga C. terristris contains
carotenoids with high importance, highlighted by the
fact that they are natural antioxidants used for
protection against oxidative stress (28). In addition,
ergosterol extracted from the microalgae Chlorella
pyranoidosa (29), Dunaliella tertriolecta (30), and
Schizochytrium agreegatum (31), showed antioxidant
activities. The present study aimed at provid in C.
terristris to produce ergosterol under different
concentration of Sequalen as aprecurser. By doing so,
further investigations of the bioactive, including
antioxidant, activities of this product can be conducted.

MATERIALS AND METHODS

C. terrestris was isolated from sediment sample collected
from the banks of Tigris River and the modified Chu 10
culture medium was used for algal growth and
determining the optimum growth condition (25°C and
268 UE. m™. sec™) (32). Several factors were reported to
affect growth and biomass of alga. In this study, effects of
precursor were selected. The temperature 252C and light
intensity 268uE.m™. Sec'were used for cultivation of
isolated alga, these levels were considered as control
since they were reported to induce optimum growth of
all microalgae , 302C is the optimal temperature and 300
uE.m™Sec™ is the optimal light intensity(33), they were
selected as treatment interaction of 30°C and 300
HEm™@Sec? to stimulate production of microalgal
steroid.

Steroids Induced by Precursor

Squalene precursor (0.1, 0.25, 0.5, and 1%) was selected
to be added to the media at both control treatment (25°c
and 268 pE.m™2.Sec™) and best interaction treatment (
30°C, 300pE.m™.Sec™).

Harvesting of Sample

From day 20 of culture, the samples were harvested at
three times during the growth period. The first stage of
harvesting was at the last two days of exponential phase,
which was named phase 1, while the second stage was at
the first two days of stationary phase, which was called
phase 2, and the third stage was at the last days of
stationary phase which was called phase 3. Limitations
to these stages depended on temperature degrees and
light intensities used in each experiment.
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Extraction of Steroids

The harvested algae samples were filtered by filter
papers (Millipore 0.1m) and the fresh weight of each
sample was taken. The filtered sample was then dried in
the desiccator apparatus at 37°C for 24 hours until
having stable weight, followed by taking the dry weight
for each sample (34).

Soxhlet extraction

About 1g of powdered algal material was placed in the
soxhlet thimble with 150 ml of methanol (99%) in 250
ml flat bottom flask. The apparatus was then connected
with the water supply to the condenser. The process was
carried out for 6-8 hours for each sample. The extract
was transferred to petri plates and the solvent was
allowed to evaporate. Each extract material was filtered
and evaporated to dryness and weighted, then finally
stored in the refrigerator for further use (35). Steroid
analysis

GC analysis

Qualitative and quantitative analysis of ergosterol was
performed by using Gas Chromatography (GC) system
model (Shimaduz2010, Japan) in the Department of
Water Treatment Technology- Ministry of Science and
Technology, as previously described [36].

The samples were diluted in clean vials in 5 ml of
methanol solvent with micropipettes. The sample vials
were put in injector vial tray. 1 ml of each sample was
injected into GC by an auto-injector and capillary column
(DB-5msx0.25 nm). The elements were detected in flame
ionization detector reagent user (FID) and the
temperature of reagent 310°C and pressure 100 kpa,
over temperature was 150-290 °C and increased 10°C
per minute. Identification of the component, in the algae
was performed using retention time (Rt) which is
defined as the time that the sample takes for passing
through the system. Sample concentration was
calculated using the area under the peak, according to
the formula below.

Concentration of compound (ppm) = (peak area of
compound / peak area of standard) x concentration of
standard y dilution factor.

Statistical analysis

The statistical analysis system SAS (37) was used to
determine the effects of the studied factors with

different qualities. Least significant difference (LSD) test
was used to compare mean values.

RESULTS AND DISCUSSION

Effects of Squalene Precursor on Ergosterol
Production

After the determination of optimal temperature and light
conditions (30°C and 300 pE. m™2sec™) for highest
growth and ergosterol production, the same conditions
were used together with different concentrations of the
steroid precursor, squalene, in order to define best
conditions to maximize ergosterol production. The same
squalene treatments were also tested in combination
with control conditions (252C and 268 uE. m™2.sec™).
Effects of Squaleneand ControlGrowth Conditions
(268 UE. m™%.sec*+25°C) on Growth of C.terristris
The effect of different concentrations of squalene on the
mean algal ergosterol concentrations are shown in
Table 1. The highest ergosterol production (258.8 *
11.63) was recorded at 1% squalene in phase 2, while
the lowest production (28.5 + 1.67) 0.10% in phase 3. All
three phases results recorded a significant increase in
mean of algal ergosterol concentrations with increase
squalene concentrations, the ergosterol concentration in
phasel increased from 123.2 ppm at 0.10% squalene to
203.6 ppm at 1% squalene, but in phase 2 the ergosterol
concentration increased from 165ppm at 0.10% to
258ppm at 1% squalene. A significant decrease in
ergosterol concentration was recorded in phase 3
compared with other phases.

The ergosterol concentration was performed by GC
analysis during three growth phases at treatment 268
UE. m2sec?+25°C (control) and under the effect of
different concentrations of Sequalene. The results of GC
during only phase 2 because the highest concentration of
ergosterol was at phase 2 (figure 1). The highest
concentration of ergosterol was at 1% Squalene with
retention time 8.853 minutes, while the lowest was at
0.1% with retention time 8.874minutes in the same
phase. The Rt which obtained at identical
chromatographic conditions of analysis samples was
compared with ergosterol standard.

Table 1: Effect of different concentrations of Squalene (%) on ergosterol concentration (ppm) of C.terrestris during three

growth phases at 268 pE.m2.sec*+25°C. (Mean * SE).

Ergosterol Ergosterol Ergosterol Ergosterol
Concentration | concentration | concentration | concentration LSD Concentration | concentration
Squalene % (ppm) in (ppm) in (ppm) in value Squalene % (ppm) in
phase (1) phase (2) phase (3) phase (1)
19.72
0.1 123.2+5.74 ¢ 165.0+7.21b 285+1.67c * 0.1 123.2+5.74 ¢
23.85
0.25 154.5+691b 192.1+859b 68.1£3.42b x 0.25 154.5+691b
0.5 203.2+942a 2295 z 1035 81.2+392a 29;31 0.5 203.2+942a
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1 203.6 +8.87 a 2588 2 11.63 91.7+3.77 a 22;94 1 203.6+8.87a
LSD value 24.671* 33.724* 12.636 * --- LSD value 24.671*

* (P<0.05). Means having with the different letters in same column differed significantly. Phase 1 = The last two days of log
phase. Phase 2 = The first two days of stationary phase. Phase 3 = The last days of stationary phase.

Effects of Squalene and Optimal Growth Conditions
(300 uE. m™%.sec’* +30°C) on Weight of C.terristris:
The effect of different concentrations of Squalene on the
mean algal ergosterol concentrations are shown in
Table 2, the highest ergosterol production (533.3 *
15.92) was recorded at 1% Squalene in phase 2, while
the lowest production (54.3 + 2.48) at 0.10% Squalene in
phase 3. All three phases results recorded a significant
increase in mean of algal ergosterol concentrations with
increase squalene concentrations, the ergosterol
concentration in phasel increased from 149.2 * 6.79
ppm at 0.10% squalene to 273.2 + 9.57 ppm at 1%
squalene, but in phase 2 the ergosterol concentration
increased from 153.7 + 6.04 ppm at 0.10% to 533.3
+15.92 ppm at 1% squalene. A significant decrease in
ergosterol concentration was recorded in phase 3
compared with other phases. The results showed
significant differences between all phases and all
treatments. The ergosterol concentration was performed
by GC during three growth phases at treatment
300pE.m™. sec’+30°C and under effect of different
concentrations of sequalene. The highest concentration
of ergosterol was at 1% squanele with retation time
8.853 minutes, while the lowest was at 0.1% with
retation time 8.874 minutes in the phase2 (figure 2). The
Rt obtained at identical chromatographic conditions of
analysis samples was compared with ergosterol
standard.

Precursors are defined as molecules that directly
interfere in the synthesis of the secondary metabolites.
After the addition of precursors to the culture medium,
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they incorporate into biosynthetic pathways of these
active metabolites (38).

Squalene is a linear triterpene formed via the MVA or
MEP biosynthetic pathway and is widely distributed in
bacteria, fungi, algae, plants, and animals. Metabolically,
squalene is used not only as a precursor in the synthesis
of complex secondary metabolites such as sterols,
hormones, and vitamins, but also as a carbon source in
aerobic and anaerobic fermentation in microorganisms
(39).

Squalene is in fact an essential intermediate in the
biosynthesis of cholesterol, steroid hormones, and
vitamin D.Optimum conditions such temperature was
investigated for squalene production of the strain of
Aurantiochytrium sp. Squalene production by this strain
was optimum at 25 °C (40), that agrees with this study.
Many chemicals were used as precursors to Enhanced
production of organisms such as study by Wong (41)
who pointed on that the effects of 2, 4-D, glyphosate and
paraquat on growth, photosynthesis and chlorophyll-a
synthesis of Scenedesmus quadricauda. Chemicals
directly as metabolic precursors applying chemical
triggers or enhancers to improve cell growth and the
accumulation of bioproducts in algal cultures.

The main effects of precursors may back to effect on
photosynthesis and chlorophyll-a synthesis which lead
to increase the metabolites activity of algal cell and
increased lipids contents which considered essential
primary metabolites of steroids compounds synthesis.
The study of squalene as a precursor in algae is very rare
because it is the first study of its kind in Iraq.
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Figure 1: Effect of different concentrations of sequalene (%) on ergosterol concentration (ppm) of C.terrestris during
growth phase 2 at 268 pE.m2.sect+25°C by GC analysis. A=0.1%, Rt= 8.700. B=0.25%, Rt=8. 874.C= 0.5%, Rt=8.853. D=1%,

Rt =8.691min
Table 2: Effect of different concentrationsof squalene % on ergosterol concentration (ppm) of C.terristris during three
growth phases at 300 pE.m2.sec*+30°C. (Mean % SE).

. Ergosterol Ergosterol .
Concentration . . . . Ergosterol concentration
squalene % concentration (ppm) in | concentration (ppm) in (ppm) in phase (3) LSD value
q phase (1) phase (2)
0.10 149.2+6.79 ¢ 153.7+6.04 c 54.3+248d 20.73*
0.25 211.0+825b 2474 +9.63b 874+371c 26.82*
0.50 204.2+696Db 284.0+12.67b 100.7+3.85Db 19.44 *
1 273.2+9.57a 533.3+15.92a 189.1+7.51a 3497 *
LSD value 31.734 * 55.821 * 11.403 *

* (P<0.05). Means having with the different letters in same column differed significantly Phase 1 = the last two days of log
phase. Phase 2 = the first two days of stationary phase. Phase 3 = the last days of stationary phase.

One of the most interesting findings of the present study
is the observation that combination of optimal culture
conditions (300 puE. m2.sec*+30°C) with the addition of
optimal concentration of the precursor (1%) could
increase the production of ergosterol to more than 15-
fold. This clearly implies that squalene could easily
facilitate production of large quantity of ergosterol,
through its integration as a precursor in the metabolic
biosynthetic pathway of this active biocompound. In the
present study, optimizing culture conditions in terms of
temperature and light could maximize the biomass of the
newly recorded C. terristris and, consequently,
production of ergosterol. Interestingly, the addition of
squalene as a precursor could further maximize
ergosterol production to 15 folds.

As an explanation, it is probable that optimal heat and
light conditions could initially bring the cell division and
algal biomass to maximum yield, which naturally
resulted in higher yield of ergosterol. Further, optimal
culture conditions could bring enzymatic activities to
maximum level, since enzymes are proteins that favor
optimal levels of physiological conditions to reach
optimal reactions. Finally, the addition of optimal
squalene concentration contributed to even further
increase in ergosterol production, since the addition of
the precursor would normally result in higher
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production of the final product. In conclusion, it seems
that both optimal culture conditions and precursor
concentration acted in a synergistic manner to lead to
maximum hormone production; squalene provided
higher amount of raw material needed for biosynthesis,
whereas temperature and light brought enzymes to
maximum activity that could invest and cover the
increase in the amount of the precursor.

Therefore, it is valid to claim that the conditions
provided by this study were optimal for ergosterol
production by C. terristris. In other words, squalene in
even higher concentrations could not lead to maximum
ergosterol production, because the culture conditions
provided best environment to maximize enzymatic
activities that is only sufficient to deal with certain or
optimal amount of precursor. The present results
confirm the previously reported advantage of squalene
as a precursor for biosynthesis of various bioactive
compounds in different organisms from different
taxonomic levels.

Antioxidant Activities of the Algal Crud Extract and
the Standered of ErgosterolThe antioxidant activity of
different concentrations of C. terrestis crud extract and
ergosterol standard was measured by scavenging ability
to DPPH, whereas ascorbic acid in similar concentrations
was used as a control for antioxidant activity. The algae
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crude extracts showed significantly lower antioxidant
activities (p<0.05) when using the concentrations of 125,
250,500 and 1000 pg/ml (23.2 = 1.06, 44.6 + 2.48, 64.2
+2.75,83.2 £+ 3.19, respectively) as compared to similar
concentrations of the control (89.6 + 2.53,96.6 + 1.27,
100 + 0.00, 100 + 0.00, respectively. However,
treatments with highest crude concentrations of 1500
and 2000 pg/ml didn't show significant differences as
compared to the control (Table 3).

9 10 1 12 13 W15 L

1 2 3 4 5 6 78

Treatment of DPPH with the algal extracted ergosterol
showed significantly higher antioxidant activities
(p<0.05) when using the concentrations of 12.5, 25, 50
and 100 pg/ml (85.3 £ 2.57,99.6 + 1.64, 100 + 0.00, 100
+ 0.00, respectively) as compared to similar
concentrations of the control treatment (73 + 2.42, 79 +
296, 81 * 3.07, 85 * 3.29, respectively. However,
treatment with highest ergosterol concentrations of 125
ug/ml didn't show significant differences as compared to
the control (Table4).

min

Figure 2: Effect of different concentrations of sequalene % on ergosterolconcentration(ppm) of C.terristris during
growth phase 2 at 300uE.m2.sec *+30°C by GC analysis. A=0.1%, Rt= 8.994. B=0.25%, Rt=8. 700.C= 0.5%, Rt=8.840. D=1%,

Rt =8.965.

Table3: Antioxidant activities% of different concentrations of algae crud extracts of C. terristris. Measured by scavenging
ability to DPPH. (Mean * SE).

% Antioxidant activity
Concentration (png/ml) LSD value
Crud extract Ascorbic acid
125 23.2+1.06 98.96 + 2.53 8.631*
250 44.6 + 2.48 100 £ 1.27 8.037 *
500 64.2+2.75 100 £ 0.00 7.881*
1000 83.2+3.19 100 £ 0.00 8.922*
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1500 94.1 + 2.65 100 + 0.00 6.776 NS
2000 100 £ 0.00 100 £ 0.00 0.00 NS
LSD value 9372 % 8.955 *

* (P<0.05)

Table4: Antioxidant activities % of different cconcentrations of ergosterol from C. terristris. Measured by scavenging ability
to DPPH. (Mean # SE).

% Antioxidant activity
Concentration (png/ml) LSD value
Extracted Ergosterol Ascorbic acid
12.5 85.3 £ 2.57 73 +£2.42 7.163*
25 99.6 + 1.64 79 +2.96 6.981 *
50 100 £ 0.00 81 +3.07 7.506 *
100 100 £ 0.00 85+3.29 7.214*
125 100 £ 0.00 100 £ 0.00 1.00 NS
LSD value 8.179 * 8.648 *

* (P<0.05)

The present work is the first published report on
antioxidant potential of active compounds produced by
C. terristris. However, at the genus level, only one
previous study reported that algal extract from C.
striolata var. multistriata included carotenoids with an
antioxidant potential (42). The results of this study
reffered that ergosterol had the ability to scavenging free
radicals when compared with crude extract and ascorbic
acid (control), and this is represent by donating their
hydrogen atom to the free radicals of DPPH, these results
agree with the study of Shao et al(43)who postulated
that the ergosterol content in Button Mushrooms
positively correlated with the antioxidant activities. A
few studies Dehpour et al. (44) and Marinova and
Batchvarov(45) found that DPPH was a stable nitrogen
centered free radical changing of the color from violet to
yellow. These results were caused by the ability of crude
extract, ergosterol and ascorbic acid which donate
hydrogen or electron atom to DPPH in order to scavenge
the free radicals. This process was done by measuring
bleaching process from the purple color of methanol
solution of (DPPH) and convert it into the yellow color
(46). Table 4 shows an increase in the antioxidant effect
of the crude extract with increased its concentration
while this effect was lower in compared with ascorbic
acid at the same concentration. These results might be
the crude extract of C. terrestris containing on active
compounds along with steroids compounds such
alkaloids, saponins, terpenoids, and flavonoids which
have antioxidant activity but did not show higher effect
because of their low concentrations. The ergosterol
treatment showed higher antioxidant activity compared
to ascorbic acid in the same concentration, this is due to
their higher concentration without any another active
compounds (43). The ergosterol compound which used
in this technique was standard because of the
purification process of ergosterol from crud extract
wants long time. The antioxidant potential of natural
products from microalgae, including phytosterols, is
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extremely essential because synthetic antioxidants such
as propyl gallate and butylated hydroxytoluene applied
to food and medical products raised wide concerns due
to their reported risks to human health(47).There are
several recent studies that agree with this study which
referred to importance of Sterols (steroid with OH
group) such Stigmasterol and -sitosterol as antioxidant
properties [48].The results of this study as antioxidant
disagree with study of Yen et al. (49) who declared that
the ergosterol showed no antioxidant activity on the
peroxidation of linoleic acid.

Conclusion the combination of optimal culture
conditions with the addition of optimal concentration of
the precursor could increase the production of
ergosterol to more than 15-fold. The ergosterol
produced by the identified and cultured species could
show a significant antioxidant activity, but not when
used in high concentrations. To the best of the author’s
knowledge, this is the first record of C. terristris in Iraq
and this is the first report of high production of
ergosterol and antioxidant activity by this species of
algae.
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