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Abstract

Thraustochytrids have received a great deal of attention in recent years for producing a
significant amount of omega-3 fatty acids. However, their commercial and sustainable
production from microalgae sources faces technical and economic limitations. In this
study, the effect of temperature and different carbon and nitrogen sources in YEP
calture on the growth and fatty acids profile in a newly isolated strain of
Aurantiochytrium sp. SHY has been conducted. Glucose produced more biomass, but
galactose was more suitable for lipid formation. Galactose promoted the highest
production of fatty acids (36.4%), but the ratio of docosahexaenoic acid to fatty acids
was 19.05% which was less than glycerol. With an increased glucose concentration,
EPA is considerably higher and DHA is only slightly increased. This is the first study
that has been carried out on this new isolate wherein a mixed carbon source was used in
the culture media and the results showed the microorganism’s preferences for
carbohydrate consumption is in the following pattern: glucose > galactose > fructose>
sucrose. The meat extract was the most suitable nitrogen source for biomass
development (7 g L™), but the maximum DHA to fatty acids ratio (25%) was achieved
when the microorganism consumed monosodium glutamate as a nitrogen source. The
strain produced more biomass at 25°C, and lowering the temperature achieved a higher
DHA formation. The results of this study show that if this strain is going to introduce as
a good potential candidate for food industries and aquaculture, it needs more study in
bioreactor that’s going on.
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Introduction

The docosahexaenoic acid (DHA) is an
essential fatty acid that plays a
significant role in human health, mainly
in performance efficiency of the brain
and retina, reduction of risk in
cardiovascular disorders as well as a
recommended dietary intake in infancy
(Devarshi et al., 2019). Fish oil is the
main source of DHA. However, its
commercial use is restricted because of
the odor and flavor which is
unappealing to consumers. Fish oil
requires a multi-step purification
process for production of DHA that
consequently enhances the product’s
cost (Kim et al., 2013). For these
reasons, the DHA production from
marine microorganisms has
increasingly received more attention
(Chang et al., 2014; Manikan et al.,
2015b).  Although oil from the
microorganism IS free of
contaminations, its commercial
production is restricted because of the
high cost process. Much efforts have
been made by scientists to facilitate the
process and increase the yield (Hong et
al., 2011).

Marine microorganisms such as
Aurantiochytrium and the microalgae
Crypthecodinium cohnii are among the
best sources that produce DHA
(Rumiani et al., 2018).
Thraustochytrides are a group of non-
photosynthetic unicellular protist that
are  heterotrophic and  produce
zoospores. Their isolation environments
from algae and plant matter are
decomposing and sediments in coastal

areas. They are widely distributed and
their aggregation is mostly found in the
coastal areas of the seas, oceans, bays
and estuaries, mangrove forests, algal
beaches along the seas and also marine
sediments. Aurantiochytrium is a sister
genus of schizochytrium and all were
originally considered to form one genus
(Yokoyama and Honda, 2007). The
zoospores released are similar in shape
and vegetative cells are generally
dispersed as single cells (Marchan et
al., 2017). In Iran, these strains exist on
the shores of the Persian Gulf.

The culture conditions, including
temperature, salinity, pH, dissolved
oxygen and nutrients such as type and
concentration of carbon and nitrogen
sources have a considerable impact on
both the quality and quantity of the
produced fatty acids by the microalgae
strains (Pahlavan Yali et al., 2017). It
was found that glucose at a
concentration of 20 g L* and
temperature of 28°C are the most
optimized conditions for biomass, lipid,
and DHA production by
Aurantiochytrium sp. SD116 (Gao et
al., 2013). Monosodium glutamate and
peptone were shown to be the best
nitrogen sources for biomass and
squalene production by
Aurantiochytrium sp. (Chen et al,
2010). The maximum biomass and lipid
production of the microorganism strain
of Aurantiochytrium sp. strain 4W-1b
were found at temperatures of 15-25°C
and a glucose concentration of 45 g L™
(Nakazawa et al., 2012). The effects of
temperature on the biomass, lipid, and
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DHA production by Aurantiochytrium
mangrovei Sk-02 were investigated and
30°C was reported as the best
temperature for cell growth, while the
highest production of PUFAs occurred
at 12°C (Chodchoey and Verduyn,
2012).

The aim of this study was to
investigate ~ the  preferences  of
carbohydrate consumption by a newly
isolated strain of Aurantiochytrium sp.
SHY from the Persian Gulf and the
impact of various culture parameters on
the growth and fatty acid profile of this
microorganism.

Materials and methods
Microorganism isolation and
cultivation

The leaves and sediment of the
mangrove plant (Avicennia marina
(Forsk) Vierh) were collected from the
shore of the Persian Gulf in Assaluyeh
City of Bushehr province in summer
and winter and transferred in sterile
plastic containers to the Microalgae
Laboratory at the Iranian Biological
Resource Center. The leaves were
washed 4-5 times in sterile water with
penicillin G and streptomycin sulfate in
a concentration of 0.25-0.5 mg L™ to
suppress bacterial growth (Kamlangdee
and Fan, 2003). The washed leaves
were cut into 0.5-1 cm pieces and
placed in a YEP medium. Immediately
after incubation the zoospores were
formed on the plates. The formed
zoospores ~ were  removed  and
transferred to GYP culture medium. A
complete description of the isolation

and identification of Aurantiochytrium
microalgae is given in the previous
article (Pahlavan Yali et al., 2017).

Experimental design

In order to examine the impact of
various culture media on the production
of biomass, FA, and DHA by
Aurantiochytrium sp. strain SHY, seven
carbon sources (glucose, fructose,
lactose, galactose, sucrose, ethanol, and
glycerol) each at a concentration of 20 g
L™ were added to the media. In a
second experiment, four sources of
nitrogen comprising yeast extract, meat
extracts, peptone and MSG, each at a
concentration of 10 g L™ were added to
each culture medium which also
included glucose at a concentration of
60 g L™ as a carbon source. In a third
experiment, the mixed culture media
containing  four  carbon  sources
including glucose 12.5 g L™, fructose
12.5 g L, galactose 125 g L, and
sucrose 125 g L™ as well as meat
extract 8 g L™ as a nitrogen source was
evaluated. To study the effect of
temperature on the microorganism’s
growth and DHA’s production, the
microorganism was cultured in a
medium containing glucose and meat
extract at concentrations of 60 and 10 g
L™, respectively, and at the
temperatures of 15, 20, 25, 30, and
35°C for a period of eight days.

A fourth experiment was conducted
in order to investigate the effects of four
glucose concentration levels (40, 60,
80, and 100 g L™) as the carbon source
on the biomass and DHA production of
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the microorganism. The meat extract at
a ratio of 6:1 (carbon: nitrogen) was
added to each medium as the nitrogen
source (Pahlavan Yali et al., 2017). All
of the experiments were repeated in
triplicate. The statistical analyses of the
biomass results were performed using
statistical analysis system version 9.1
(SAS).

Biomass determination

The samples of the microorganism
culture were taken daily from all the
containers. A volume of 10 mL of each
sample was centrifuged in 50 ml Falcon
tubes for 5 min at 7000 g. The obtained
algal biomass was dried for 12 hr at
60°C in an oven. The dried biomass is
reported as DCW. The maximum
specific growth rate was calculated. The
biomass was then lyophilized at -55°C
using an OPERON lyophilizer (South
Korea).

Determination of the fatty acid profile
of lipids

The lipid extraction was performed
according to the Bligh and Dyer
method. For this purpose, 1 g dry
sample was mixed with 4 ml
chloroform—methanol 2:1 (viv) as a
solvent.  After centrifugation and
evaporation of the solvent, the
remaining organic phase was stored in
an oven until the sample reached a
constant weight. 0.1g of extracted lipid
was injected into the gas chromatograph
(Agilent 6890, USA) to analyze the
content of fatty acids. The GC was
equipped with a capillary column

(100mx0.25umx=0.2um). The oven
temperature was increased from 110 to
230 °C at a rate of 4°C min™ and was
maintained constant at 230°C for 10
min. Hydrogen was used as a carrier
gas (Bligh and Dyer, 1959).

Carbohydrates measurement

The carbohydrate measurement was
performed according to derivatization
method using a GC (Varian CP-3800,
USA). The aliquots were evaporated
completely and then added to pyridine,
hexamethyldisilazane, and
trichloromethylsilane (1:3:9, v:v:v) for
3 hr at 70°C. The oven temperature was
increased from 150 to 210°C at a rate of
5°C min™, then increased to 300°C at a
rate of 10°C min™ and was maintained
constant at this temperature for 3 min
(Medeiros and Simoneit, 2007).

Results

Morphological description

The spherical vegetative cells of
Aurantiochytrium sp. strain SHY with
two flagellates and a diameter of 3 to 7
Hm  were observed under the
microscope. The triad and tetrad forms
of the cells were seen due to binary
division. The globose or ovoid
zoospores lose their flagellum and
developed into the vegetative cells. The
vegetative cells shifted to cell cluster or
zoosporangium.  The cell  cluster
changed into the amoeboid cells and the
zoosporangium released zoospore thus
repeating the cycle (Fig. 1).
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Molecular identification

The BLAST analysis showed that this
strain had high similarity (97 bootstrap)
to Aurantiochytrium sp. strain TA4. The
Aurantiochytrium separated and
differentiated from the other genera in
the cladogram. Besides the
Aurantiochytrium sp. TA4, the isolated

100

100

ytrium
amoeboid cells; B) cell cluster; C) zoospores.

Aurantiochytrium belonged to this big
clad as depicted in the phylogenetic tree
(Fig. 2). Following its purification and
morphological and molecular (using the
18SrRNA gene region) examinations,
the microorganism was identified as
Aurantiochytrium sp. SHY  strain
(Accession number-ky677759).

Aurantiochytriumsp. SK4 (F1560900)

mnﬁncﬁyﬂmm sp. TF59 (KM023711)
Aurantiochytriumsp. 15A-10a (AB811005)
I-Aurannbc})ytrium sp. 15A-11a (AB811006)
Aurantiochytrium sp. TF49 (KM023693)
Aurantiochytriuvmsp. 15A-8a (AB811004)

- Aurantiochyiriumsp. SEK 217 (AB290572)
| Aurantiochytriumsp. 18W-5a (AB811024)
Aurantiochytriumsp. TF94 (KM023705)

Aurantiochytriumsp. 15A-5a (AB810998)
Aunrantiochytrium Strain shy (KY677759)

10 LAurantiochytriumsp. TA4 (KJ938302)

Thraustochytriumsp. LY-2012 PKU*SW3 (JX847373)
Thraustochytriumsp. ATCC 26185 (FJ821482)
Aurantiochytriumsp. SEK 209 (AB290574)
Thraustochytrium kinnei NIOVT12-DPSgF10 (KF460465)
Thraustochytriumsp. LY-2012 PKU*SW6 (JX847376)

Aurantiochytrium mangrovei (DQ367049)
100 L Aurantiochytrium limacimmBUCACD 032 (DQ023611)

Schizochytrium aggregatum(AB022106)

100 Thraustochytrium striatun (AB022112)

81 Thraustochytrium aureum (AB022110)

Thraustochytrium aggregatum (AB022109)

Oblongichytriumsp. SEK 347 (AB290575)

Schizochytri

(AB022108)

100

Thraustochytriumm ultirudimentale (AB022111)
Crypthecodinivm cohnii (F1821501)

Figure 2: Molecular identification and phylogenetic tree.
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Effect of carbon sources on growth and arrangement for carbon sources can be
fatty acids profile described as:  glucose, fructose,
The effect of various carbon sources on glycerol, galactose, andsucrose.
the growth rate, biomass production, Statistical analysis shows that there is a
and fatty acids composition of significant difference between ethanol
Aurantiochytrium sp. SHY has been and sucrose with other carbon sources
studied. The fatty acids composition (p>0.01).

and DHA levels in the fatty acids are Saturated fatty acids to the FA
shown in Tables 1 and 2. The maximum produced by all the carbon sources was
biomass production using glucose was 60-75%. As results show, the
6.95 g L' The highest biomass microorganism produced much lower
concentration following the glucose DHA and FA from glucose and fructose
was  observed  during  fructose respectively. The maximum FA and
consumption. The lag phase times for DHA/FA were 36.44% and 21.2%,
all carbon sources are similar during respectively, obtained by using
Aurantiochytrium sp. SHY growth. The galactose and glycerol as carbon
maximum  specific  growth rate sources, while the highest DHA
belonged to glucose and fructose. production was achieved using glucose
Regarding biomass production, the at 371 mg L (Table 1).

Table 1: Maximum specific growth rate, fatty acid, and DHA production by Aurantiochytrium sp.
SHY using different carbon sources.

Carbon DHA/FA DHA/DCW DHA p.. C16:0/FA DPA/FA SFA/FA EPA/FA
FA% DHA/DPA
Sources (%) mg/g (mg/L) h' % % % %
Glucose 3124 17.1 53.42 371 0024 6324 721 718 04 237
Fructose 2202 18.16 3998 2511 0023 54.28 934 6691 10 1.94
Galactose 36.44  19.05 69.4 3242 0018 56.46 821 683 0.9 2.32
Glycerol 3132 212 66.4 338 0.022 5367 687 6325 048 3.08
Effect of glucose concentrations production was almost constant (34%)
The maximum biomass production at glucose concentrations of 40-100 g
(6.87 g L™) was observed at a glucose L (Table 2).
concentration of 40 g L™ . There was a
significant difference between the mean Effect of mixed culture
of biomass of 40 and 100 g L™ (p<0.01) To find the preference of carbon source
and 40 and 80 g L™ glucose (p<0.05) consumption in Aurantiochytrium sp.
during the eight days. With an increase SHY strain, a culture mix of four
in glucose concentration from 40 to 100 carbon source, including fructose,
g L?, the biomass production reduced glucose, galactose, and sucrose was
from 6.87 to 5.5 g L. The fatty acids prepared and used as the substrate for
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the microorganism’s growth. The
results of the biomass formation and
carbon source consumption are shown
in figure 3. The maximum biomass (8.5
g LY was obtained on day 9 of
cultivation. Compared to the growth on
glucose as a single carbon source, the
biomass formation in the mixed culture
was greater. The microorganism
simultaneously assimilated glucose and
galactose faster than the other carbon

sources during the first two days of
cultivation. After that time, the glucose
diminished quicker than the galactose.
Therefore, the microorganism’s
preferences for carbohydrate
consumption follow the pattern: glucose
> galactose > fructose > sucrose.

Table 2: Lipid and DHA production by Aurantiochytrium sp. SHY in different glucose

concentrations.

Glucose
FA DHA/FA DHA/DCW DHA Pmax C16:0/FA EPA/FA DPA/FA SFA/FA
Concentration DHA/DPA

% (%) mg/g (mg/L) ht % % % %
(9/L)
40 3401 16.6 56.45 359.6 0.0116 54.57 0.9 12.69 131 65.62
60 3411 1451 495 295 0.0111 52.5 2.55 16.92 0.86 60.99
80 33.92 1741 59.05 324.2 0.01058 43.01 5.28 15.53 1.12 57.8
100 34.79 17.09 59.45 327 0.01057 40.15 10.58 13.88 1.23 54.06
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Figure 3: Biomass formation and carbohydrates assimilation with

Aurantiochytrium sp. SHY during growth on mixed carbon sources.

Effect of nitrogen sources
The results of producing biomass from
Aurantiochytrium sp. SHY by using

various nitrogen sources is shown in
Table 3. The maximum biomass
production (7 g L™) was observed on
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meat extract, while MSG medium had a
minimum biomass (2.36 g L™). There
was a significant difference between the
mean of biomass of meat extract and
MSG (p<0.05) during the eight days.
The highest FA content (34.91%),

DHA/FA (25%), and DHA (370.3 mg
L) were obtained when peptone, MSG,
and meat extract were used as nitrogen
sources, respectively (Table 3). The
highest pmsx was 0.024 hr' that was
observed in the meat extract.

Table 3: Lipid and DHA production by Aurantiochytrium sp. SHY on different nitrogen sources

Nitrogen FA DHA/FA DHA/DCW DHA Pmax C16:0/FA EPA/FA  DPA/FA SFA/FA
DHA/DPA

Source (%) % (mg/g) (mg/L) h? % % % %

Meat 58.4 0.5 9.88 1.72 65.31
31.08 17.02 52.9 370.3 0.024

Extract

Yeast 47.74 2.98 9.64 1.7 60.32
32.42 16.36 53 287.9 0.022

Extract

Peptone 34.91 15.26 53.2 283.02 0.024 60.47 171 9.10 1.67 66.95

MSG 32.73 25 81.8 193.05  0.011 31.24 3.0 6.9 3.62 47.21

Effect of different temperatures
The biomass production, composition
of the produced fatty acids, and DHA

FID A, (4262MW0000000.07

400 o
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levels at different temperatures is
exhibited in Fig. 4 and Table 4.
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Figure 4: GC analyses of oil at 25°C.
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Table 4: Fatty acid and DHA production rate at various temperatures by Aurantiochytrium sp.

SHY.
+ FA DHADCW DHA/FA DHA p. C16:0/FA EPA/FA DPA/FA SFA/FA
C) DHA/DPA

(%) mg /g (%f) (mg/L) h? % % % %
15 281 6381 2271 3579 0.02 39.4 34 16.76 1.36 52.36
20 253 5571 2202 406.12 0.018 388 1.67 12.07 1.8 54.38
25 29.28 41 14 32841 0.026 47.26 0.75 5.67 2.45 73.17
30 29.98 2391 12.63 20823 0.021 32.64 0.15 1.57 8.04 78.35
35 244 3786 9.8 13915 0.017  44.19 0.49 45 2.17 81.69

In this study, within 20-25°C
temperature range, the growth rate
picked up and the highest biomass
production (8.28 g L™) was observed at
25°C after seven days. There was a
significant difference between the
biomass mean at 15°C and other
temperatures (p<0.05). The produced
DCW at 15 and 35°C was
approximately 30% lower than its
maximum. The maximum specific
growth rate was observed at 25°C.

The highest FA content (29.98%) was
observed at 30°C. DHA/DPA ratio was
also increased with increase in the
temperature. The highest DHA/FA rate
(22.71) was observed at 15°C, however,
the highest DHA production (406 mg L
!y was seen at 20°C. As expected, with
increase in temperature, the DHA
decreased from 22.7 to 9.8%.

Discussion

According to the results, the
monosaccharide carbon sources
(glucose, galactose, and fructose)
produced more biomass, fatty acids, and
DHA, while biomass production was
low when disaccharide and ethanol
were used. By using glycerol, the

production of biomass was better than
the disaccharide but less than the other
monosaccharides. These results are in
compliance with those obtained from
the microorganism strains of the same
genus, Aurantiochytrium sp. strain
SD116 (Gao et al., 2013),
Aurantiochytrium limacinum SR21, and
Aurantiochytrium limacinum SR31 (Wu
et al., 2005; Cho et al., 2018). Glucose
as a carbon source showed the highest
production both for the biomass and
DHA in comparison to the other carbon
sources, meanwhile the DHA and FA
contents were maximum in glycerol and
galactose, respectively. The effect of
different carbon sources on the cell
growth of Aurantiochytrium limacinum
mh0186 was studied and it was reported
that mannose and glucose have the most
cell growth, while galactose has 70%
biomass of glucose (Nagano et al.,
2009; Park et al., 2017). Therefore, a
combination of glucose and glycerol
can be a good feed strategy for
maximizing omega-3 production.
Yokochi found that DCW in
Aurantiochytrium  limacinum SR21
increased to the maximum level when
glucose concentration increased to 90 g
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L, but it was followed by a decrease in
DCW level (Cho et al., 2018). In the
study performed on Aurantiochytrium
sp. strain KRS101 by Hong, when the
glucose concentration increased to 60 g
L™, the biomass increased once and
then reduced slightly. Consequently, it
seems that increasing  glucose
concentration has a limiting role in the
growth of microalgae and probably a
reason related to environmental high
osmotic pressure. In this study, with
increasing the glucose concentration,
the EPA is considerable and DHA is
slightly increased (Menogol et al.,
2019). Glucose is found to be suitable
for EPA production. According to the
authors’ literature, there is no report
about the effect of glucose
concentration on the shift of DHA to
EPA. Therefore, this interesting result
needs a more biochemical-based
experiment.

In mixed carbon sources, glucose
and galactose consumption rates were
nearly similar during the first two days,
but later glucose consumption increased
and it was depleted quicker from the
medium. Glucose has more energy
content (2.8 kj mol™) than the other
substrates (Boyle and Morgan, 2009;
Heo et al., 2020). These trends for
Aurantiochytrium sp. SHY showed that
the tendency for monosaccharide
consumption IS higher than
disaccharides that in compliance with
the other previous studies (Yokochi et
al., 1998, Ju et al., 2018). Based on the
published data, glucose might be a
preferred substrate for heterotrophic

microorganism cultivation, because it
appears that the microorganism’s
growth on other substrates requires a
lag period to develop the specific
transport system that is necessary for
up-taking of the other substrates (Perez-
Garcia et al., 2011).

The nitrogen in culture medium is
essential for the rapid cell growth and
biomass production during the primary
stages of the growth phase. Due to the
nitrogen deficiency, the cells are not
able to proliferate (Bellou et al., 2016;
Kaya et al., 2020). Nitrogen sources
limitation and continued consumption
of carbon sources causes the cell
proliferation and increment lipid
accumulation. In the complex nitrogen
culture media, in addition to nitrogen,
carbon, enzymes and cofactors are
essential for cell growth. As a result, the
biomass production and growth rate are
high during their utilization as a
nitrogen  source. The maximum
DHA/FA and vyield of DHA were
observed during the utilization of MSG.
These results are in compliance with the
previous studies (Unagul et al., 2006;
Jakobsen et al., 2008; Patel et al.,
2019). Chen et al. (2012) reported that a
combination of MSG with other
nitrogen sources may provide suitable
conditions for microalgal cell growth
and DHA production.

The increased temperature led to the
increase in saturated fatty acid content
from 52.4% at 15°C to 81.7% at 35°C.
These results revealed that the
saturation rate of fatty acids is directly
correlated with temperature, so that at


http://scholar.google.com/scholar?q=aurantiochytrium+sp+SHY&hl=en&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0ahUKEwiVyKaZ9u7UAhWqK8AKHUpZAsgQgQMIITAA
https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.6.28.0
https://jifro.ir/article-1-4064-en.html

[ Downloaded from jifro.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15622916.2020.19.6.28.0 ]

Iranian Journal of Fisheries Sciences 19(6) 2020 3122

lower temperatures, unsaturated fatty
acids have a higher contribution which
is in compliance with the previous
findings (Taoka et al., 2011; Bellou et
al., 2012). The solubility of oxygen in
the culture medium decreases with
temperature boosting, on the other hand
the rate of oxygen delivery or mass
transfer coefficient magnified.
Therefore, for maximal biomass
production an optimal environmental
temperature will be expected. The
maximum percentage of total fatty acids
(including EPA and DHA) were
observed at 15°C (26.1%) and
decreased (10.25%) with increasing
temperature to 35°C, as expected. This
result is also in compliance with most
of researches (Metz et al., 2001; Zhu et
al., 2007; Chodchoey and Verduyn,
2012). Although the highest biomass
production was found at the 25-30°C
temperature range, and also the highest
percentage of DHA content is occurred
at lower temperatures, therefore the
temperature shift during the cultivation
period is a good strategy for maximize
DHA production.

A major fraction of the saturated
fatty acids consisted of palmitic and
stearic acids, while DHA formed the
major part of the unsaturated fatty
acids. Yielding this fatty acid
composition is one of the prominent
attributes of the  microorganism
Aurantiochytrium sp. (Manikan et al.,
2015a). The increase in temperature
also elevated the DHA/DPA ratio.
These results show that DPA is not a
precursor of DHA, because with the

rising temperature and the reduction in
production and amount of DHA,
rationally, the DHA/DPA ratio must
decrease but it didn’t (Hong et al.,
2011). The EPA/FA ratio in this strain
is in the range of 0.45-4.22%. This
ratio reduces with the rising
temperature. However, the EPA in this
strain is significantly higher than in
Aurantiochytrium sp. (Manikan et al.,
2015b).
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