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Abstract:

Docosahexaenoic acid, or Docosahexaenoic acid (DHA), plays a pivotal role in biological functions and is beneficial for
both humans and animals. Traditionally, DHA is sourced from fish and fish oil. Due to the disadvantages associated
with these sources, such as marine pollution and variable composition, there is a pressing need to explore alternative,
reliable sources for DHA. Aurantiochytrium sp. has been identified as a promising candidate for DHA production.
The primary aim of this study was to cultivate three strains in previously published media and, subsequently, to
develop defined or semi-defined media for Aurantiochytrium sp.. These strains were grown in the selected media, and
the dry weight of the cells was measured. Total fatty acids were extracted and analysed using gas chromatography.
All three strains demonstrated satisfactory growth in media that incorporated glucose as a carbon source and
monosodium glutamate as a nitrogen source. Strain B072 achieved the highest DHA concentration, with a peak of
5.0 g/l, and could accumulate lipids up to 57.57% (w/w). The DHA content in the biomass was 21.43% (w/w), with
a biomass yield of 23.35 g/l. Vitamins and trace elements positively influenced the growth and DHA production of
Aurantiochytrium sp.. Furthermore, strain B072 efficiently utilised ammonium for growth and fatty acid production.
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1. Introduction

There is little doubt that omega-3 fatty acids hold
significant importance in human nutrition. DHA is a primary
structural component of the phospholipid membranes of
tissues throughout the body, particularly prevalent in the
retina, the grey matter of the brain, and the spermatozoa.
Notably, in these areas, DHA (C22:6n-3) constitutes up
to 36.4% of total fatty acid [1, 2]. As components of cell
membranes, omega-3 fatty acids enhance membrane
fluidity, which influences a variety of membrane functions,
including eicosanoid signalling, ion channel modulation,
and regulation of gene expression [3, 4]. Dietary omega-3
fatty acids reduce the risk of cardiovascular disease (CVD).
Both epidemiological and interventional studies have
shown the beneficial effects of omega-3 fatty acids on
various CVD endpoints, encompassing all CVD (defined as
all coronary artery disease [CAD], both fatal and nonfatal
myocardial infarction, and stroke combined) [5, 6]. DHA
is crucial for the growth and functional development of
the brain in infants. This fatty acid is transferred across
the placenta and accumulates in the brain and other organs
during foetal development. Depletion of DHA from the
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retina and brain results in diminished visual function and
learning deficits, which may stem from DHA’s essential
role in membrane-dependent signalling pathways and
neurotransmitter metabolism. DHA is also necessary for
maintaining normal brain function in adults. A diet rich in
DHA enhances learning ability, while DHA deficiencies
correlate with learning deficits. The brain prefers DHA over
other fatty acids. DHA turnover in the brain is rapid, more
so than often realised. The visual acuity of healthy, full-
term, formula-fed infants is enhanced when their formula
contains DHA [7]. Over the past 50 years, numerous infants
have consumed formula diets devoid of DHA and other
omega-3 fatty acids. DHA deficiencies are linked with foetal
alcohol syndrome, attention deficit hyperactivity disorder,
cystic fibrosis, unipolar depression, and aggressive hostility.
A decrease in the concentration of DHA in the brain are
associated with cognitive degradation during ageing and
with the onset of sporadic Alzheimer’s disease [7, 8]. Are
there detrimental effects for humans supplementing their
diet with DHA? Numerous reports address this issue.
Generally, DHA showed no toxicity when supplemented at
low concentrations. For instance, oil from Schizochytrium
limacinum strain FCC-3204, rich in DHA, was proposed
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as a novel food (NF). The applicant recommended its use
in infant formulas (IF) and follow-on formulas (FOF) with
DHA at levels of 20-50 mg/100 kcal. It was concluded
that the NF is safe under the proposed conditions [9].
Docosahexaenoic acid-rich microalgae (DRM) from
Schizochytrium sp. was given to groups of male and female
Sprague-Dawley rats for at least 13 weeks. This study found
that DRM supplementation showed no adverse effects in
rats relevant to humans at dosages up to 4000 mg/kg/d [10].
The fatty acid profiles of microorganisms are swayed by
environmental conditions. The medium’s composition is one
of the most important environmental criteria in determining
final lipid composition. The concentration of carbon and
nitrogen in the medium can affect DHA and lipid content,
and a high carbon-to-nitrogen ratio often enhances the total
lipid content and DHA yields [11].

Carbon and nitrogen sources, along with other cultivation
conditions, were explored in batch fermentation to optimise
DHA production from strains of the genera Schizochytrium
and Thraustochytriidae [12]. Monosaccharides, glucose,
and fructose proved beneficial for cell growth. Glucose
emerged as the most effective carbon source for biomass,
lipid, and DHA production. Though Schizochytrium sp. S31
could utilise disaccharides such as lactose, maltose, sucrose,
and soluble starch for cell growth and lipid production, they
were suboptimal for DHA production [13]. The highest
DHA content (28% w/w) was noted with glycerol as a
carbon source, whereas maltose and lactose yielded poor
growth [14]. While glucose was generally preferred, some
strains favoured fructose. For example, fructose emerged
as the most suitable substrate for biomass, lipid, and DHA
content in Aurantiochytrium sp. SW1 [15]. Both glucose
and starch yielded high DHA levels, with 0.41 and 0.65 g/1,
respectively, and total fatty acids of 40.8 and 49.0% (w/w)
[16]. The effects of different carbon sources were studied in
Thraustochytrium sp. ATCC 20892, with glucose producing
optimal DHA yields even though biomass yields with
glucose, starch, and linseed oil were consistent. However,
maltose and sucrose as carbon sources resulted in inferior
biomass and DHA yields, as observed by A. Singh, et al.
(1996) [17]. This study seeks to investigate the influence of
trace elements and vitamins, alongside defined MSG media,
on the growth and DHA production in the valuable genus
Aurantiochytrium.

2. Materials and methods
2.1. Materials

Preparation of inoculum: S. mangrovei Sk-02 (Sk-02),
S. mangrovei strain B072, and S. /imacinum B013 (B013)
were employed in this study. These strains are most likely
new species in the genus Aurantiochytrium [18, 19]. Pure
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cultures were maintained on slants in solid GPY-medium
containing 15 g/l agar and artificial sea salts (ASS, Sigma,
USA) at 20°C, and were sub-cultured monthly. To prepare
the inoculum, cells from a slant were streaked onto an agar
plate and incubated at 25°C for two days. Using a Pasteur
pipette, circular 1 cm diameter wells were made in the agar,
and the plate was flushed with 10 ml of sterile ASS adjusted
to 15%. After 2-3 h, zoospores accumulated in the wells,
and this zoospore suspension served as the inoculum. 1
ml of zoospore suspension was transferred into 50 ml of
sterile broth medium containing 1 g of Difco yeast extract
(DYE), 1 g of peptone (Difco), 10 g of glucose, and 1 1
of ASS at 15%o in a 250 ml Erlenmeyer flask. The flasks
were incubated at 25°C and agitated at 200 rpm for 24
h. These cultures were used as inoculums for subsequent
cultivation. The broth in the inoculum flasks was harvested
and centrifuged at 5,000 rpm for 10 min, then washed with
2-morpholino ethanesulfonic acid (MES). Afterwards, 5 ml
of the cells were transferred into 100 ml of the subsequent
medium.

Vitamins and trace elements were standardised from
various literature sources [20]. A stock solution of a
vitamin mixture was prepared, filtered using 0.2 pm filter
paper (Minisart-Sartorius), and stored in a refrigerator. The
components of the vitamin mixture per litre included: biotin
0.05 mg, para-aminobenzoic acid 0.20 mg, myo-inositol
25 mg, and 1 mg each of calcium pantothenate, nicotinic
acid, thiamine HCI (B1), pyridoxine HCI (B6), riboflavin
(B2), and cyanocobalamin (B12). The trace elements
consisted of: ZnSO,7H,0 4.5 mg, CoCl-6H,0 0.3 mg,
MnCl-4H,0 1.0 mg, CuSO,-5H,0 0.3 mg, CaCl,-2H,0 4.5
mg, FeSO,-7H,0 3.0 mg, and Na,MoO,-2H,0 0.4 mg per
litre. The components of the media are detailed in Tables 1
and 2.

Table 1. Components of defined MSG media M19-19E.

Component (g/1)  M19 M19A M19B M19C M19D MI9E
Glucose 60 60 60 60 60 60
MSG 10 10 10 10 10 10
ASS 15 15 15 15

K HPO, 03 03 03 0.6 03 03
NaCl - - - - 11.98 24
MgSO, 7H,0 - - - - 3.08 12
CaCl, - - - - - |
KCl - - - - - 0.75
Vitamins * Reduce 5-fold ~ Reduce 20-fold ~ + i #
Trace elements + + + + + +
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Table 2. Components of (NH,),$0,-MSG and MSG (5 g/l) media M20
and M27.

Component (gl) ~ M20 M21  M22 M3 M4 M25  M26 M27
Glucose 30 30 30 60 30 30 30 30

DYE 25 - 5 - 25

(NH,),80, 125 25 - 25 - - 1.25

KHPO, 03 03 03 03 03 03 03 03
NaNO, - - - - 15 3

MSG - - - - - - 25 5
ASS 15 15 15 15 15 15 15 15
Vitamins + + + + + + + +
Trace elements + + + + + + + +

2.2. Dry weight determination

3 ml of broth culture was transferred into weighed
centrifuge Eppendorf tubes, then centrifuged at 12,000 rpm
for 10 min. The supernatant was subsequently separated.
Harvested cells were rinsed thrice with distilled water,
freeze-dried for 24 h, and weighed. Biomass values are
presented as the means of three measurements along
with their standard deviation [21]. Supernatants from the
biomass were employed for glucose determination using a
commercial enzymatic Glucose KIT (Human, Germany).

2.2.1. Fatty acids analysis

Freeze-dried cells (20 mg) were weighed and placed
into dark vials. They were then subjected to acid-catalysed
transesterification in 2 ml of 4% sulphuric acid in methanol.
Heptadecanoic acid (C17-Sigma) acted as the internal
standard, with butylated hydroxytoluene (BHT) added as
an antioxidant (0.1 g/1). After vortex mixing, the vials were
incubated in a water bath at 90°C for 1 h. Post-cooling to
room temperature, the mixture was extracted twice with
a combined 1 ml of hexane and 1 ml of distilled water.
Anhydrous sodium sulphate (Na,SO,) grains were added
to absorb any residual water. Extracted samples were
introduced into the gas chromatograph (GC-17A-Osaka,
Japan). Fatty acid methyl esters were differentiated using
gas chromatography fitted with a flame ionisation detector
(FID) and an Omegawax 250™ 30 mx0.25 mmx0.25 um film
thickness column. The injector was set at 250°C, accepting
an injector volume of 1 pl. The column temperature was
held at 200°C for first 10 min then increased up to 230°C at
a rate of 10°C/min, where it remained for 14 min. Helium
(He) served as the carrier gas. Fatty acid methyl esters were
identified by chromatographic comparison with authentic
standards (DHA-Sigma). The quantities of fatty acid methyl
esters were derived from the peak areas in relation to the
internal standard C17.

2.2.2. Calculations and definitions

Total fatty acid (TFA) content (% w/w) is calculated as:
[Total fatty acid content (g) x 100]/Biomass (g). Percentages
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of'individual fatty acids were determined in both the biomass
and lipid. Individual fatty acids in biomass (% w/w) is:
[Each fatty acid (g/l) x 100]/Biomass (g/1). Individual fatty
acids in lipid (% of TFA) is: [Each fatty acid (g) x 100]/
Total fatty acid content (g). TFA (g/l) is: [TFA (%w/w) x
Biomass (g/1)]/100. DHA (g/1) is: [DHA (% w/w) x Biomass
(g/1)]/100.

Statistical analysis entailed a one-way analysis of
variance (ANOVA). If the ANOVA yielded significant
results (p<0.05), the Student-Keuls-Newman tests were
applied to discern pairwise treatment differences.

3. Results

3.1. Growth characteristics and fatty acids formation
of three strains in MSG medium M19

Three strains were cultivated in medium M19 (Fig. 1).
All strains demonstrated favourable growth in medium
M19, where MSG functioned as the sole nitrogen source.
The strain Sk-02 peaked in biomass when glucose was fully
consumed. In contrast, strain B072 achieved its highest
biomass at 22.4 g/l, and B013 reached 19.2 g/l when glucose
was nearly depleted.
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DHA (g/) TFA (g/1) Biomass (g/l) TFA (% w/w) DHA (% w/w)

Fig. 1. DHA, DWC, TFA of three strains in medium M19.

B072 was cultivated in media M19A, M19B, and M19C.
Inmedium M19C, strain B072 attained its maximum biomass
of 23.35 g/l. In other media, B072 consistently reached its
peak biomass when glucose was entirely exhausted (Fig. 2).
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Fig. 2. Biomass and glucose levels for B072 modified MSG media
M19A-C.
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When cultivated in medium MI19A (with vitamins
reduced fivefold), B072 reached a maximum biomass and
accumulated lipid up to 64.9% (w/w) with a DHA content
of 17.74% (w/w). Consequently, DHA yield was 4.0 g/, and
the total fatty acids reached 14.6 g/1. In medium M19B (with
vitamins reduced by a factor of 20), the biomass peaked at
23.1 g/l, accumulating lipid up to 47.8% (w/w) with a DHA
content of 14.96% (w/w). Thus, DHA amounted to 3.46 g/l
and total fatty acids to 11.04 g/l. When compared to medium
M19, outcomes from M19A and M19B were inferior. These
data clearly demonstrate the influence of vitamins on the
growth and fatty acid formation of B072.

B072 was subsequently cultivated in medium M19C
(Table 1). This medium differed from M19 by containing
0.6 g/l of K. HPO, instead of 0.3 g/I. Results showed modest
increases in both biomass (23.35 g/l) and DHA (5.0 g/1),
with no significant difference in DHA level compared to
medium M19.

In medium M19, where ASS functioned as the primary
sodium source, B072 displayed robust growth (Fig. 3). To
devise a cost-effective medium, ASS was replaced with
different sea salt components, leading to the creation of
media M19D and M19E.

—4—Bio 19B072
—5—-Glu19B072

—5-Bio 19D B072 —A—Bio 19E B072
——Glu 19D B072 ——Glu 19E B072

2

60
50

Biomass, glucose (g/1)

Time (days) 1 2 3 4 5

Fig. 3. Biomass and glucose levels for B072 in control medium
M19 and media with individual salts replacing ASS (M19D and
M19E).

B072 attained maximum biomass levels of 22.35 g/l in
M19, 23.28 g/l in M19D, and 22.85 g/l in M19E. In M19,
B072 achieved a DHA maximum of 4.9 g/l and a biomass of
22.35g/l. InM19D, the figures were 4.4 g/l for DHA and 22.5
g/l for biomass, while in M19E, DHA and biomass values
were 4.05 and 22.33 g/l, respectively. Results highlighted
that while there was a significant (p<0.05) reduction in
DHA, biomass yield remained unaffected when specific
salts replaced ASS. The study’s primary focus remained on
B072 due to its promising results in prior experiments.
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3.2. Growth characteristics and fatty acids formation
of B072 in modified MSG media

B072 was cultivated in media M19A, M19B, and M19C.
The strain BO72 achieved its peak biomass level at 23.35
g/l in medium MI19C. Similarly, in other media, B072
consistently reached its peak biomass when glucose was
fully consumed.

In medium M19A, where vitamins were reduced five-
fold, BO72 reached a maximum biomass of 22.6 g/l and
accumulated lipids up to 64.89% (w/w). The DHA content
in the lipid was 17.74% (w/w), resulting in a DHA yield
of 4.0 g/l and a total fatty acid count of 14.6 g/l. When
cultivated in medium M19B, where vitamins were reduced
by a factor of 20, the biomass peaked at 23.1 g/l. The lipid
accumulation was 47.8% (w/w), and the DHA content was
14.96% (w/w). As a result, DHA reached 3.46 g/l and total
fatty acids totalled 11.04 g/l. Compared to medium M19, the
results from mediums M19A and M19B were consistently
lower. It is evident from these results that the vitamin content
influences the growth and fatty acid formation in BO72.

B072 was subsequently cultivated in medium M19C,
which was a modification of medium M19, containing 0.6
g/l of K.HPO, instead of the 0.3 g/l found in M19. The
results, as illustrated in Table 3, indicated slight increases
in biomass (23.35 g/l) and DHA (5.0 g/l). Nevertheless, the
difference in DHA levels compared to medium M19 (the
control medium) was not significant.

Table 3. Metabolites of strain B072 in M19-M19E.

Strain BOT2 M19  MI9A  MI19B M19C M19D MI19E
Day3 Day3 Day 4 Day 4 Day 3 Day 5
Biomass (g/l) 2235 2255 23.10 2335 22.50 22.33
TFA (g/) 1531 14.63 11.04 13.44 15.12 13.52
DHA (g/l) 492 4.00 3.46 5.00 4.40 4.05
TFA (%ow/w) 6849  64.89 47.80 51.57 67.19 60.55
DHA (%w/w) 201 1774 14.96 2143 19.56 18.14
FA compositions (% of TFA)
C12 - 0.51 0.00 0.34 - 0.60
Cl4 7.81 10.56 8.20 7.23 8.37 11.34
C15 0.67 0.58 0.74 1.00 0.61 0.57
Cl6 5178 53.67 51.70 4521 54.90 50.11
C18 0.98 0.88 0.96 0.78 0.96 0.86
€20:3n3 0.70 0.63 0.66 0.94 0.61 0.79
€20:4n6 - 0.38 0.00 0.44 - 0.41
€20:5n3 - 0.00 0.00 0.44 - 0.47
DPA 591 545 6.45 6.40 545 4.90
DHA 3214 2734 31.29 37.22 29.11 29.97
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3.3. Growth characteristics and fatty acids formation
of B072 in DYE-ammonium sulphate (NH,) SO, media
M20-M23

Medium M20 comprised both DYE and (NH,),SO,.
Medium M21 contained only (NH,),SO,, serving as the
sole nitrogen source, while Medium M22 had only DYE.
Medium M23 was identical to M21 but had 60 g/l glucose
instead of 30 g/l (Fig. 4).

(days)

Fig. 4. Glucose and biomass levels of strain B072 in M20-M23
media.

In medium M21, B072 registered the lowest DHA level
at a maximum of 0.88 g/l and the lowest lipid content in the
biomass, reaching a peak 0£42.33% (w/w). The DHA content
in the biomass reached merely 8.46% (w/w). In medium M20
of DYE and inorganic nitrogen, B072 achieved a maximum
of 1.28 g/l DHA and 11.27 g/l biomass, accumulating up
to 53.38% (w/w) in total fatty acids. Medium M22, using
DYE exclusively as the primary nitrogen source, yielded
superior results compared to medium M21, which lacked
any organic nitrogen sources. Strain B072 demonstrated
substantial growth in medium M21 with 60 g/l glucose
and ammonium sulphate as the exclusive nitrogen source,
resulting in peak DHA and biomass levels of 2.73 and 19.15
g/1, respectively (Table 4).

Table 4. Biomass and metabolites of the strain B072 in M20-23.

Media  Strains  Biomass (g/l) (1;;; ?gg)A :7:: % BEVA % :))fl-;‘zr
M20 B072 11.27+0.56 6.07 128 53.38 11.27 2391
M21 B072 11.23+0.61 474 088 4233 8.46 19.98
M22 B072 11.830.59 6.14  1.65 65.30 16.13 28.00
M23 B072 19.15+1.05 .10 2.73 60.16 14.78 24.99

3.4. Growth characteristics and fatty acids formation
of B072 in DYE-sodium nitrate (NaNO,) media M24 and
M25

The constituents of mediums M22, M24, and M25 are
presented in Table 5. While medium M22 exclusively utilised
DYE as a nitrogen source, B072 reached peak biomasses of
10.93 and 11.93 g/l in media M24 and M27, respectively. By
the third day of cultivation, glucose was entirely consumed.
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B072 demonstrated growth in medium M25, where NaNO,
acted as the sole nitrogen source. However, this strain
yielded significantly lower biomass and DHA levels. The
addition of DYE to medium M24 enabled this strain to grow
more effectively, producing a higher DHA quantity than in
medium M25, which contained only NaNO, as a nitrogen
source. In medium M24, B072 achieved peak levels of
10.93 g/l biomass and 1.89 g/l DHA.

Table 5. Biomass and metabolites of three strains in M24-M27.

Media  Strains  Biomass (g/l) ;[;;; E;l[)A g?/w }';)}v[v?w ?FI,{: oot
M24  BO72 10.930.66 6.77 189 7018 1745 29.46
M25  BO72 5.40£0.25 3.68 085 6819 15.67 24.17
M26  BO72 12.07+0.66 6.38 179 5286 14.87 2813
M7 BO72 11.93£0.61 7.10 144 5951 13.80 25.75

3.5. Growth characteristics and fatty acids formation of
B072 in ammonium sulphate-MSG media M26 and M27

B072 was cultivated in medium M26, which combined
the nitrogen sources of MSG and ammonium sulphate
(NH,),SO,. B072 achieved its peak biomass level of 12.07
g/l when glucose was fully depleted, accumulating lipids
up to 52.86% (w/w). The DHA content in the biomass was
14.78% (w/w). Therefore, this strain reached a maximum),
translating to a DHA yield of 1.79 g/l DHA. In medium
M27, which used MSG as the sole nitrogen source, B072
reached a biomass peak of 11.93 g/l and accumulated
lipids up to 59.51% (w/w) with a DHA content of 13.80%
(w/w), yielding 1.44 g/l DHA. These results conclusively
demonstrate that BO72 can effectively grow and produce
DHA in media with inorganic nitrogen sources, such as
ammonium.

4. Discussion

In previous experiment, all media were prepared either
without yeast extract or with very minimal amounts to
minimise the presence of amino acids, vitamins, and
trace elements found in DYE. This approach was taken to
evaluate the effects of vitamins and trace elements. The
results demonstrated significantly low biomass and DHA
levels for all three strains. These findings underscored the
role of vitamins and trace elements on the growth and DHA
production of Sk-02, B072, and B013, especially when
comparing the biomass and DHA levels of these strains
in pairs of media M12/M13 and M14/M15 [22]. L. lida, et
al. (1996) [23] revealed that vitamins and trace elements
positively influenced the growth and DHA production of
T. aureum. The significance of vitamins and trace elements
was also corroborated for S. mangrovei Sk-02 [15].
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ASS was substituted with sea salt components to reduce
costs and allow better control of individual salt levels. Using
sea salt components could achieve similar results as ASS,
particularly for strain BO72. Another study found that DHA
weight contents decreased with higher temperatures. The
influence of salinity was ambiguous. The peak DHA content
(28% w/w) was observed with glycerol; biomass and DHA
levels reached their zenith at 25 g/l ASS. Replacing ASS
with different sodium salts led to reduced biomass and DHA
yields [24].

All three strains were cultivated in a defined MSG
medium and its variants. These strains thrived relatively
well, producing substantial amounts of DHA in the defined
MSG medium M19 with MSG as the lone nitrogen source.
The role of vitamins and trace elements became evident
as B072 exhibited reduced biomass and DHA in vitamin-
deficient media (M19A and M19B). The phosphate effect
was assessed in medium MI19C, which contained 0.6
instead of 0.3 g/l, as in medium M19. Both biomass and
DHA saw minor increments. The replacement of ASS
with a streamlined sea salt component formulation yielded
equivalent results in biomass and DHA production (M19D,
E vs M19). Moreover, medium M 19D, containing a reduced
amount of NaCl, may be viewed as a cost-effective option
for large-scale fermentation.

Lastly, B072 cultivation was explored in media with
combined nitrogen sources (ammonium sulphate-DYE,
sodium nitrate-DYE, and MSG-DYE media). Table 8
results indicated that the ammonium sulphate-DYE medium
resulted in superior DHA levels compared to the sole
ammonium sulphate medium. A similar trend was observed
in the nitrate-DYE medium. In juxtaposition with results
from medium M22, which only contained DYE, it is inferred
that BO72 can utilise both ammonium and nitrate as nitrogen
sources. Nonetheless, nitrate did not emerge as a suitable
nitrogen source for B072. The findings in Table 5 illustrated
that with nitrate as the primary nitrogen source, this strain
assimilated glucose quite slowly, resulting in low biomass
levels (M25). The nitrogen utilisation of S. mangrovei
B072 paralleled that of 7. aureum [25], S. limacinum
SR21 [26], and S. mangrovei Sk-02 [12]. This study’s
outcomes signified that monosodium glutamate combined
with ammonium sulphate was more efficacious as nitrogen
sources for DHA production compared to monosodium
glutamate on its own. This aligns with previous reports [27].
Notably, for T aureum, optimal DHA levels were achieved
by mixing monosodium glutamate with yeast extract [23].
In a different study, six media with diverse nitrogen sources
were examined to pinpoint the most favourable medium for
producing high quantities of DHA, biomass, and overall
fatty acid content. The peak biomass (17.1 g/I) and DHA
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(2 g/l) yields were achieved in a fed-batch system using
sodium glutamate, (NH,)SO,, KH,PO,, and MgSO,, after
a 12-day incubation in the fed-batch medium of 7. roseum.
Here, the total lipid content stood at 48.8% (w/w) [17].
Similarly, a Thraustochytrium sp., closely related to T
striatum T91-6, managed to produce up to 28 g/l biomass,
81.7% (w/w) TFA, 31.4% (w/w) biomass DHA, and 4.6 g/
DHA under optimal cultivation condition withconditions; a
shaker at 130 rpm and 25°C in a medium comprising 60 g/1
glucose, 10 g/l yeast extract, and 2 g/l sea salt [28].

5. Conclusions

Aurantiochytrium sp. thrived and efficiently produced
DHA in media sea salt components (sodium chloride,
magnesium sulphate, sodium sulphate) and when replacing
ASS media. Strain B072 was adept at utilising both
(NH,),SO, and NaNO, for growth and DHA production.
Additionally, this strain harnessed ammonium for growth
and fatty acid synthesis. Although strain B072 could grow
using NaNO, as the sole nitrogen source, it resulted in
meagre biomass and DHA production. Introducing yeast
extract into the medium made strain BO72 flourish and
produce more DHA compared to a medium with only
NaNO, as the nitrogen source, indicating the inadequacy of
NaNO, as a primary nitrogen source for BO72. Glutamate
emerged as a potent nitrogen source for a defined medium,
especially for B072. These findings suggest that defined
media supplemented with vitamins and trace elements
could be ideal candidates for Aurantiochytrium with an aim
to enhance DHA production.

CRediT author statement

Pham Thi Mien: Methodology, Investigation, Writing
original draft preparation; Dao Viet Ha: Data curation,
Resources, Validation; Cornelis Verduyn: Conceptualisation,
Resources, Reviewing and Editing.

ACKNOWLEDGEMENTS

We would like to thank Prof. L.L.P. Vrijmoed (City
University of Hong Kong) for kindly providing S.
mangrovei Sk-02 and express our deep grateful to Prof.
Somtawin Jaritkhuan (Burapha University, Thailand) for
kindly provided S. mangrovei BUSPRA strain BO72 and
S. limacinum BUSPBG B013 (now known as new species
in the genus Aurantiochytrium). This research was partly
funded by Vietnam Academy of Science and Technology
under project grant number TDDTBO0.01/21-23.

COMPETING INTERESTS

The authors declare that there is no conflict of interest
regarding the publication of this article.

Technology and Engineering



m LIFE SCIENCES | BIOLOGY, BIOTECHNOLOGY

REFERENCES

[1] B.J. Meyer, RHM. Groot (2017), “Effects of omega-3 long chain
polyunsaturated fatty acid supplementation on cardiovascular mortality: The
importance of the dose of DHA”, Nutrients, 9(12), DOI: 10.3390/nu9121305.

[2] J.P. SanGiovanni, E.Y. Chew (2005), “The role of omega-3 long-chain
polyunsaturated fatty acids in health and disease of the retina”, Progress in Retinal and
Eye Research, 24(1), pp.87-138, DOL: 10.1016/j.preteyeres.2004.06.002.

[3] LA. Guschina, J.L. Harwood (2006), “Lipids and lipid metabolism in
eukaryotic algae”, Progress in Lipid Research, 45(2), pp.160-186, DOI: 10.1016/j.
plipres.2006.01.001.

[4] M.E. Surette (2008), “The science behind dietary omega-3 fatty acids”, CMAJ,
178(2), pp.177-180, DOL: 10.1503/cmaj.071356.

[5] R. Ferrari, S. Censi, P. Cimaglia (2020), “The journey of omega-3 fatty acids
in cardiovascular medicine”, European Heart Journal Supplements, 22, Suppl. J,
pp.J49-J53, DOL: 10.1093/eurheartj/suaall8.

[6] T.L. Psota, S.K. Gebauer, P. Kris-Etherton (2006), “Dietary omega-3 fatty acid
intake and cardiovascular risk”, The American Journal of Cardiology, 98(4A), pp.3i-
181, DOI: 10.1016/j.amjcard.2005.12.022.

[7]1 M.J. Weiser, C.M. Butt, M.H. Mohajeri (2016), “Docosahexaenoic acid and
cognition throughout the lifespan”, Nutrients, 8(2), DOI: 10.3390/nu8020099.

[8] F. Calon, G.P. Lim, F. Yang, et al. (2004), “Docosahexaenoic acid protects from
dendritic pathology in an Alzheimer’s disease mouse model”, Neuron, 43(5), pp.633-
645, DOI: 10.1016/j.neuron.2004.08.013.

[9] D. Turck, J. Castenmiller, S.D. Henauw, et al. (2021), “Safety of oil from
Schizochytrium limacinum (strain FCC-3204) for use in infant and follow-on formula
as a novel food pursuant to Regulation (EU) 2015/2283”, EFSA Journal European
Food Safety Authority, 19(1) pp.6344-6363, DOL: 10.2903/j.efsa.2021.6345.

[10] B.G. Hammond, D.A. Mayhew, M.W. Maylor, et al. (2001), “Safety
assessment of DHA-rich microalgae from Schizochytrium sp.”, Regulatory Toxicology
and Pharmacology, 33(2), pp.192-204, DOL: 10.1006/rtph.2001.1458.

[11] P. Unagul, C. Assantachai, S.Phadungruengluij, et al. (2005), “Properties
of the docosahexaenoic acid-producer Schizochytrium mangrovei Sk-02: Effects
of glucose, temperature and salinity and their interaction”, Botanica Marina, 48(5),
pp-387-394, DOI: 10.1515/BOT.2005.052.

[12]Q. Wang, H. Ye, B. Sen, etal. (2018), “Improved production of docosahexaenoic
acid in batch fermentation by newly-isolated strains of Schizochytrium sp. and
Thraustochytriidae sp. through bioprocess optimization”, Synth Syst Biotechnol, 3(2),
pp.121-129, DOI: 10.1016/j.synbio.2018.04.001.

[13] S.T. Wu, S.T. Yu, L.P. Lin (2005), “Effect of culture conditions on
docosahexaenoic acid production by Schizochytrium sp. S31”, Process Biochemistry,
40(9), pp.3103-3108, DOI: 10.1016/j.procbio.2005.03.007.

[14] P. Unagul, C. Assantachai, S.Phadungruengluij, et al. (2007), “Coconut
water as a medium additive for the production of docosahexaenoic acid (C22:6 n3)
by Schizochytrium mangrovei Sk-02”, Bioresour Technol., 98(2), pp.281-287, DOI:
10.1016/j.biortech.2006.01.013.

[15] V. Manikan, Y. Nazir, A.A. Hamid (2021), “Two-level factorial analysis of
the effect of fructose on DHA biosynthetic capacity of Aurantiochytrium sp. SW1”,
Heliyon, 7(1), DOI: 10.1016/j.heliyon.2021.e06085.

Technology and Engineering

[16] Z. Li, O.P. Ward (1994), “Production of docosahexaenoic acid by
Thraustochytrium roseum”, Journal of Industrial Microbiology, 13(4), pp.238-241,
DOI: 10.1007/BF01569755.

[17] A. Singh, S. Wilson, O.P. Ward (1996), “Docosahexaenoic acid (DHA)
production by Thraustochytrium sp. ATCC 208927, World Journal of Microbiology and
Biotechnology, 12(1), pp.76-81, DOIL: 10.1007/BF00327806.

[18] M. Chaisawang, C. Verduyn, S. Chauvatcharin, et al. (2012), “Metabolic
networks and bioenergetics of Aurantiochytrium sp. B-072 during storage lipid
formation”, Braz. J. Microbiol., 43(3), pp.1192-1205, DOIL 10.1590/S1517-
838220120003000047.

[19] K. Chodchoey, C. Verduyn (2012), “Growth, fatty acid profile in major
lipid classes and lipid fluidity of Aurantiochytrium mangrovei SK-02 As a function
of growth temperature”, Braz. J. Microbiol., 43(1), pp.187-200, DOI: 10.1590/S1517-
838220120001000020.

[20] C. Verduyn, E. Postma, W.A. Scheffers, et al. (1992), “Effect of benzoic
acid on metabolic fluxes in yeasts: A continuous-culture study on the regulation of
respiration and alcoholic fermentation”, Yeast, 8(50), pp.501-517, DOI: 10.1002/
yea.320080703.

[21] K.W. Fan, F. Chen, E.B.G. Jones, et al. (2000), “Utilization of food processing
waste by Thraustochytrids”, Fungal Diversity, 5, pp.185-194.

[22] P.T. Mien (2007), Comparative Study of Growth and Docosahexaenoic Acid
(DHA) Production by Schizochytrim Mangrovei Sk-02, Schizochytrium Mangrovei
B072 and Schizochytrium Limacinum BO013, Master Thesis, Mahidol University,
Thailand, 153pp.

[23] L Iida, T. Nakahara, T. Yokochi, et al. (1996), “Improvement of
docosahexaenoic acid production in a culture of Thraustochytrium aureum by medium
optimization”, Journal of Fermentation and Bioengineering, 81(1), pp.76-78, DOI:
10.1016/0922-338X(96)83125-4.

[24] P. Unagul, C. Assantachai, S. Phadungruengluij, et al. (2006), “Biomass
and docosahexaenoic acid formation by Schizochytrium mangrovei Sk-02 at low salt
concentrations”, Botanica Marina, 49(2), pp.182-190, DOI: 10.1515/BOT.2006.023.

[25] P. Bajpai, PK. Bajpai, O.P. Ward (1991), “Production of docosahexaenoic
acid by Thraustochytrium aureum”, Applied Microbiology and Biotechnology, 35(6),
pp.706-710, DOI: 10.1007/BF00169881.

[26] T. Yokochi, D. Honda, T. Higashihara, et al. (1998), “Optimization of
docosahexaenoic acid production by Schizochytrium limacinum SR21”, Applied
Microbiology and Biotechnology, 49(1), pp.72-76, DOIL: 10.1007/s002530051139.

[27] S. Goldstein (1963), “Morphological variation and nutrition of a new
monocentric marine fungus”, Archiv. fiir Mikrobiologie, 45(1), pp.101-110, DOIL:
10.1007/BF00410299.

[28] AM. Burja, H. Radianingtyas, A. Windust, et al. (2006), “Isolation and
characterization of polyunsaturated fatty acid producing Thraustochytrium species:
Screening of strains and optimization of omega-3 production”, Appl. Microbiol.
Biotechnol., 72(6), pp.1161-1169, DOI: 10.1007/s00253-006-0419-1.

DECEMBER 2023 « VOLUME 65 NUMBER 4



	‎C:\Users\admin\Desktop\98.pdf‎
	‎C:\Users\admin\Desktop\99.pdf‎

