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AbstractArticle Info

Importance of the work: Amphora sp. strains contain a high lipid content that could be 
an excellent substitute ingredient in fish meal and fish oil.
Objectives: To evaluate the growth performance and lipid content of four Amphora sp. 
strains isolated from four different locations in the Gulf of Thailand. 
Materials & Methods: Four Amphora sp. strains—Sichang Island (ASC), Samaesarn 
Island (ASS), Pran Buri (APB) and Laemyai (ALY)—isolated from four different 
locations in the Gulf of Thailand were cultured in F/2 medium for 13 d. Biomass and 
the specific growth rate (SGR) of the experimented Amphora sp. were determined. Two 
Amphora sp. strains with high biomass performance were further investigated for their 
lipid content and fatty acid composition. 
Results: Among the Amphora sp. strains, ASC had the highest biomass production 
(1.01×106 cells/cm2), followed by ALY (3.75×105 cells/cm2), with the biomass 
performance of these two strains being significantly higher than for the other two strains. 
ALY had the fastest growth rate, while ASC grew more slowly, but was more stable.  
The mean (±SD) maximum lipid content of ALY was 74.35±2.46%, while that of ASC 
was 45.38±4.18%. The major UFAs detected in both strains included eicosapentaenoic 
acid, docosapentaenoic acid, docoxahexaenoic acid and stearidonic acid.
Main finding: ALY, with the fastest growth rate and the highest lipid content was the 
most efficient candidate for mass production, while ASC was more tolerant as an aged 
culture, which should be useful for long-term mass production.
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Introduction 

	 Fishmeal and fish oil contain an optimal mix of essential 
nutrients and have been used as major feed ingredients in 
aquaculture for many years (Miles and Chapman, 2021). 
However, over the past few decades, supplies of fish-based 
materials in aquaculture feeds have decreased substantially. 
Therefore, it has become necessary to search for alternative 
feed ingredients (Araújo et al., 2019).
	 Microalgae are one of the promising alternatives to fish meal 
ingredients due to their combination of essential amino acids, 
healthy triglycerides and abundant levels of omega-3 fatty 
acids, carbohydrates, vitamins and pigments. These attributes 
make microalgae a potential source for promoting fish health 
(Sarker et al., 2020). Several microalgal species, such as 
Schizochytrium sp., Isochrysis sp., Spirulina sp., Pavlova sp., 
Chlorella sp., Chlamydomonas sp. and Nannaochloropsis sp., 
have been extensively studied as alternative lipid sources due 
to their potential enhancement of growth and their ability to 
synthesize essential fatty acid (Macias-Sancho et al., 2014; 
Nagappan et al., 2021).
	 Diatom is a member of the microalgae that can produce 
and accumulate lipid up to 40–60% of its dry biomass (Chen, 
2012; Sayanova et al., 2017; Xue et al., 2017; Zulu et al., 
2018). The main proportion of these lipids is unsaturated 
fatty acids (UFAs), especially long-chain fatty acids, which 
are necessary for the growth and health of aquatic animals. 
Among various diatom species, Amphora sp. is one of the 
most interesting, especially for larvae, such as abalone, sea 
urchin and crustaceans, during their grazing life stage, due to 
its rapid growth, high lipid content potential and its suitable 
size for grazing (Peterson, 2002; de la Peña, 2007; Khatoon 
et al., 2009; Zhang et al., 2010; Khwancharoen et al., 2020; 
Gomes et al., 2021). However, the lipid content, productivity 
and biosynthesis varies among species, growth stages and 
environmental parameters (Upadhyay et al., 2017; Cointet  
et al., 2019a). Ideally, strains of microalgae suitable for 
candidates as a lipid source in aquaculture should have 
the ability to grow rapidly under a wide variety of growth 
conditions, with a good balance between cost and productivity 
and industrial scale application. As benthic diatoms, most 
identified Amphora are used as live feed for grazers, such as 
bivalves and molluscs (Brown, 2002; Chiu et al., 2007), with 
very few used as an alternative ingredient in the artificial feed of 
larvae and the juvenile stage of commercial crustacean species, 
such as shrimp and crabs. Additionally, Amphora sp. strains 

have recently been found to possess several useful nutritional 
properties, in particular, polyunsaturated fatty acids (PUFAs) 
such as eicosapentaenoic acid (EPA), docoxahexaenoic acid 
(DHA) and arachidonic acid (AA), which are known to be 
essential for various larvae and are found in Amphora sp. 
in adequate proportions (Courtois de Viçose et al., 2012). 
However, not all Amphora sp. have a high lipid content, which 
can vary greatly in the range 18–40%, depending on species 
or strains, or both (Govindan et al., 2021). These factors have 
driven the present study to evaluate the feasibility of using 
novel Amphora isolates as valuable lipid source. Therefore, 
this study aimed to determined growth, total lipid content and 
fatty acid composition of four Amphora strains isolated from 
different locations in the Gulf of Thailand as criteria to verify 
the potential use of these diatoms as an alternative lipid source 
in shrimp larviculture.

Materials and Methods

Isolation of diatoms

	 Seawater samples were collected from Sichang Island 
(ASC), Samaesarn Island (ASS), Pran Buri (APB) and Laemyai 
(ALY), as shown in Fig. 1. The isolation of diatom cells was 
carried out using the micropipette washing technique (Parvin  
et al., 2007); subsequently, the isolated diatoms were separately 
cultured in F/2 medium. Each isolation was identified by the 
size and morphological characteristics of their semi-elliptical 
and dorsiventral valves and dorsal margin curve using a light 
microscope (Wang et al., 2014; Khumaidi et al., 2020). Growth, 
total lipid content and fatty acid content were monitored during 
the cultivation (Arroussi et al., 2017).

Diatom culture conditions

	 Each of the isolated diatoms was grown in separate 1 L glass 
bottles containing 30 parts per trillion sterilized seawater 
enriched with F/2 medium at 25°C under 12 hr:12 hr of dark: 
light period (Supramaetakorn et al., 2019) using a light intensity 
of 19–35 µmol photons/m2/s provided by a cool daylight LED. 
The ASC, ASS, APB and ALY samples were inoculated with mean 
(±SD) values of 79±36 cells/glass bottle, 79±27 cells/glass 
bottle, 95±23 cells/glass bottle and 111±36 cells/glass bottle, 
respectively. Ten acrylic plates (20 mm × 200 mm × 1 mm) 
were placed inside each glass bottle for diatom attachment. 
Two plates were collected on days 2, 6, 9 and 13 of culture.



25E. Thongdet et al. / Agr. Nat. Resour. 58 (2024) 23–32

Fig. 1	 Sampling locations of four Amphora sp. strains in Gulf of Thailand

Biomass determination

	 Diatom growth was determined based on in vivo 
chlorophyll analysis and a cell counting method (LeGresley 
and McDermott, 2010). In vivo chlorophyll analysis was 
conducted using a handheld fluorometer (AquaFluor® 
Handheld Fluorometer and Turbidimeter, 2023). Algal medium 
was used as a blank. Chlorophyll extracted from spinach was 
used as a standard for calibration. The chlorophyll content 
was calculated according to Equation 1 and was presented 
as relative fluorescence chlorophyll (AquaFluor® Handheld 
Fluorometer and Turbidimeter, 2023):

	 Relative fluorescence chlorophyll = A - B	 (1)

	 where A is the relative fluorescence chlorophyll measured 
from the sample and B is the relative fluorescence chlorophyll 
measured from the blank culture medium.
	 Cell counting was performed using a hemocytometer  
and an optical light microscope to investigate cell density 
(Cointet et al., 2019a; Supramaetakorn et al., 2019) on days 0, 
2, 6, 9 and 13 of culture. Algal cells (measured as the number 
per square centimeter) were calculated using Equation 2: 

	 Algal cells / cm2 =
(A)(B)

C
	 (2)

	 where A is the number of cells counted in 1 mL of medium 
(measured in cells per milliliter), B is the sampling volume 
(measure in milliliters) and C is the sampling area (measured in 
square centimeters).
	 The cell density was counted from days 2–13 and was used 
for calculation of the specific growth rate (SGR) according 
to Santos-Ballardo et al. (2015), Cointet et al. (2019a) and 
Supramaetakorn et al., 2019 as shown in Equation 3:

	 μ =
ln Xt - ln X0

t
	 (3)

	 where µ is the SGR, X0 is the initial biomass, Xt is the final 
biomass and t is the time (measured in days).

Determination of total lipid content 

	 The two diatom strains with the highest biomass were 
selected for analysis to determine their total lipid contents 
and fatty acid compositions. These analyses were carried out 
on days 6, 9 and 13 during the stationary and death phases of 
growth.
	 Total lipid extraction was conducted based on two-step 
chloroform/methanol extraction, according to Li et al. (2015) 
and Nomaguchi et al. (2018), with some modifications.  
In the first step, 25 mg of each dried diatom (W) was  
mixed with 1.5 ml chloroform-to-methanol solution  
(2:1 volume per volume) and vortexed for 2 min. Next,  
the samples were stored at room temperature for 24 hr.  
Then, the mixtures were centrifuged at 12,000 revolutions per 
minute for 3 min. Finally, the supernatants were transferred 
into pre-weighed microcentrifuge tubes (W1). For the second 
step, the residual dried algae were re-extracted with 1.5 mL  
of chloroform-to-methanol (2:1 volume per volume)  
following the method as described above. After the second 
step, the supernatant was combined with the preceding one  
and then dried in an oven at 70°C until a constant weight  
(W2) was achieved. The total lipid content (measured in 
milligrams per 100 mg of algal dried weight of each sample 
was calculated gravimetrically using Equation 4:

	 Total lipid content =
(W2 - W1) x 100

W
	 (4)

	 where W is the dried algal weight, W1 is the initial weight  
of the microcentrifuge tube and W2 is the constant weight of  
the microcentrifuge tube after drying.
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	 Determination of fatty acids composition (fatty acid methyl 
ester analysis) 
	 The total lipid extracted from the diatom cells was dissolved 
in 0.5 mL of hexane (Chen, 2012) and trans-esterified by  
adding 1 mL of 0.4 M KOH-MeOH and incubated for 30 min  
at 25°C, according to Li et al. (2018) and Orefice et al. (2016).  
The fatty acid methyl ester (FAME) solution (5 µL) was 
injected into a gas chromatograph (GC; Shimadzu GC-2010 Plus; 
Shimadzu, Kyoto, Japan) for analysis.
	 The GC conditions consisted of a Framewax (Crossband® 
Polyethylene glycol; RESTEK; New Jersey, United States) 
column (30 m length, 0.32 mm internal diamter and 0.25 µm 
film thickness) coupled with a flame ion detector. The injector 
and detector temperature were set at 250°C. The column 
temperature was programmed with the temperature held at 
150°C for 1 min, then increased to 190°C at 5°C/min and held 
for 5°C, followed by an increase to 240°C at 5°C/min and 
holding for 6 min. Helium was used as the carrier gas at a flow 
rate of 22.0 mL/min. Chromatogram peak areas were analyzed 
and quantified using the LabSolution software. (Arroussi et al., 
2017; Cointet et al., 2019; de Jesús-Campos et al., 2020).
	 The FAME standards were: C14:0, C16:0, C16:1ω7, C18:1ω7, 
C18:1ω9, C18:26, C18:4ω3, C20:1ω9, C22:1ω11, C22:19, C20:5ω3, 
C22:5ω3, C22:6ω3 (Matreya LLC; Michigan, United States). 
The standard fatty acid mixture used was a natural, fish oil 
source. All experiments were carried out with three replications 
(Cointet et al., 2019b).

Statistical analysis 

	 Biomass as represented by relative fluorescence, cell density, 
SGR, total lipid content and fatty acids were presented as  
mean ± SD values of three replicates. 
	 The data were analyzed using one-way analysis of variance. 
Post hoc pairwise comparisons among diatom strains were 
conducted using Duncan’s multiple range test. All tests were 
considered significant at p < 0.05. The SPSS Statistic22 software 
(IBM Corp, Armonk, NY, USA) was used for all analyses.

Results 

Biomass

	 Chlorophyll
	 The three growth parameters differed among the four diatom 
strains investigated. The chlorophyll contents of ALY at day 6  
(1,464±238) and ASC at day 6 and day 9 (539±120 and 

898±400, respectively) were significantly higher than for APB 
and ASS throughout the experimental period with a range of 
0.44–197. The chlorophyll peak of ALY was detected on day 
6, while that of ASC was detected on day 9. Thereafter, their 
chlorophyll contents decreased and remained similar at the 
end of the experiment (day 13). The chlorophyll contents of 
APB and ASS slightly and constantly increased throughout the 
whole experiment but were not significantly different during 
this period, indicating that the highest point of their chlorophyll 
contents was probably beyond 13 days. These results indicated 
that ALY was the fastest strain to reach the highest maximum 
chlorophyll content followed by ASC, with both APB and ASS 
being lower (Fig. 2A).

	 Cell density
	 The differences in the cell densities of all four strains 
were first detectable at day 2 of the experiment. At day 6, 
the cell density of ALY was significantly higher than for the 
other strains (3.75×105 ± 9.38×104 cells/cm2). After that, it 
slowly declined until the end of the experiment. The cell 
density of ASC gradually increased during day 2 (4.19×103 ± 
7.28×102 cells/cm2) – day 9 (1.95×105 ± 2.41×104 cells/cm2) 
of the experiment and significantly surged at the end of the 
experiment (day 13: 1.01×106 ± 1.03×105 cells/cm2). The cell 
density of APB (day 2: 5.95×103 ± 2.18×103 – day 13: 1.51×105 

± 8.86×104 cells/cm2) and ASS (day 2: 4.07×103 ± 1.32×103 
– day13: 9.77×104 ± 4.01×104 cells/cm2) slowly increased 
throughout the experiment period, as shown in Fig. 2B.
	 The cell density results revealed distinct growth patterns 
for each strain. ALY had an exponential phase from days 2 to 6,  
followed by an abrupt entry into the death phase. ASC and APB  
both initiated a slight exponential phase between days 2 to 6,  
persisting in exponential growth until the experiment’s conclusion.  
Notably, ASC experienced a significant surge in exponential 
growth from days 6 to 13, while APB maintained a slight 
increase in the exponential phase. ASS entered the exponential 
phase between days 6 to 9, transitioning to a stationary phase 
that persisted until the end of experiment at day 13.

	 Specific growth rate 
	 The SGR was calculated during days 2–6, 6–9 and 9–13 
of the culture period using the cell density. During days 2–6, 
ALY and ASC had the maximum SGRs with 0.85±0.01 µ/d 
and 0.56±0.01 µ/d, respectively, while ASS and APB had their 
maximum SGRs during days 6–9 with 1.03±0.34 µ/d and 
0.9±0.36 µ/d, respectively. ASS and APB had higher SGRs 
compared to ASC and ALY; however, ASS and APB spent a 
longer period to reach their maximum SGRs. (Fig. 2C).
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Fig. 2	 Growth data for four diatom strains: (A) biomass; (B) relative fluorescence, with cell density determined on days 0, 2, 6, 9 and 13 of culture;  
(C) specific growth rate (SGR), determined during the intervals of days 2–6, 6–9 and 9–13 of culture. Data points (mean ± SD) with different lowercase 
letters are significantly (p < 0.05) different between Amphora sp. strains on each culture day.

Fig. 3	 Lipid and fatty acid contents of two diatom strains determined on days 6, 9 and 13 of culture: (A) total lipid content; (B) saturated fatty acid (SFA) content;  
(C) unsaturated fatty acid (UFA), where values (mean ± SD) with asterisk are significantly (p < 0.05) different between Amphora sp. strains on each culture day
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	 Based on the cell density and SGR results, the ASC and 
ALY strains were chosen for further analysis, including total 
lipid contents and fatty acid composition. 

	 Total lipid content
	 Diatom samples were collected during the stationary and 
death phases (days 6, 9 and 13). From day 6 to day 9, the 
total lipid content of both strains increased slightly; however,  
the total lipid content of ALY at day 6 (60.71±4.82 mg/100 mg  
algal dried weight) was significantly higher than that of 

ASC (43.67±5.03 mg/100 mg algal dried weight). On day 
9, when ALY entered the death phase, while the ASC strain 
remained in the exponential phase, the total lipid content of 
ALY (74.34±4.26 mg/100 mg algal dried weight) was still 
significantly higher than for ASC (45.38±7.25 mg/100 mg 
algal dried weight). On the last day of the culture period 
(day13), the total lipid contents of both strains were similar 
(ASC: 36.24±2.20 mg/100 mg algal dried weight and ALY: 
31.71±8.15 mg/100 mg algal dried weight) and lower than for 
the previous period (Fig. 3A).
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	 Fatty acid composition 
	 The total amounts of SFAs in both the ASC and ALY strains 
showed similar patterns, with the SFAs increasing from day 
6 to day 9 and declining thereafter (Fig. 3B) while the total 
amounts of UFAs showed different patterns of alteration.  
The UFAs of the ASC strain remained at similar levels from 
day 6 to day 9 to day, 13 while the UFAs of the ALY strain 
increased from day 6 to day 9 and then declined from day 9  
to day 13 (Fig. 3C).
	 The results showed that main SFAs detected from the 
collected samples were myristic acid (C14:0) and palmitic acid 
(C16:0). The main UFAs detected from the collected samples 
were palmitoleic acid (C16:1ω7), arachidic acid (C20:1ω9), 
cis-11-docosenoic acid (C22:1ω11), eicosapentaenoic acid 
EPA (C20:5ω3), docosapentaenoic acid DPA (C22:5ω3) and 
docoxahexaenoic acid DHA (C22:6ω3), as shown in Table 1.

Discussion

Biomass and growth of Amphora sp. strains

	 The average cell density and generation time obtained 
from this study were in close proximity to the results of 
other reports (Romero-Romero and Sánchez-Saavedra, 2017; 
Khwancharoen et al., 2020; Rani et al., 2022). Therefore,  
the culture conditions in the current study were acceptable.
	 The results for the cell density and the chlorophyll content 
clearly showed that ALY (Amphora sp. isolated from Laem 
Yai), achieved the best biomass production performance, 

followed by ASC (Amphora sp. isolated from Sichang Island), 
ASS (Amphora sp. isolated from Samaesarn Island) and APB 
(Amphora sp. isolated from Pranburi), respectively.
	 ALY reached the maximum cell density within 6 d when its 
cell density was 10 times higher than for ASC and about 51 and 
57 times higher than for ASS and APB, respectively. However, 
the cell density of ALY dropped quickly to the death phase 
within 9 days, while that of ASC increased with culture time. 
Therefore, the cell density of ASC at the end of the experiment 
was significantly higher than that of ALY. On the other hand, 
it can be inferred that ASC required a longer period (13 d) of 
culture to achieve the same amount of biomass as the ALY 
strain (6 d). For this reason, ALY could be considered as the 
best productivity strain due to it requiring only 6 days of culture 
to reach the maximum growth rate, which was the fastest 
growth strain compared to the other three strains.
	 In addition, the chlorophyll content of ALY peaked at day 6 
of culture and was significantly higher than for the other three 
strains, with ALY being twice as high as ASC and 10 folds and 
7 folds higher than APB and ASS, respectively. Considering 
the maximum amounts of chlorophyll content and cell density, 
the peaks of the chlorophyll levels and cell density occurred 
in the same period for ALY, ASS and APB. These results 
indicated that the biomass of these three Amphora sp. strains 
correlated with their chlorophyll contents. On the other hand, 
the chlorophyll content of ASC reached the maximum level 
within 9 days but decreased notably, while its cell density 
remained unchanged (day 13). This was probably due to the 
longer period of culture causing the depletion of some essential 
nutrients which can be commonly found in various species of 

Table 1	 Fatty acid composition determined for two strains of Amphora sp. at different periods of culture
Fatty acid ASC ALY

Day6 Day9 Day13 Day6 Day9 Day13
Saturated fatty acids
	 Myristic acid (C14:0) 1.10±0.84a 4.07±1.10a 2.77±1.07b 1.36±1.21a 10.58±0.94c 3.15±0.27b

	 Palmitic acid (C16:0) 3.28±4.18a 4.64±1.30ab 1.94±0.95a 5.99±4.42ab 9.11±2.44b 2.40±1.11a

Unsaturated fatty acids
	 Palmitoleic acid (C16:1ω7) 0.30±0.36a 7.63±1.19b 7.74±3.26b 1.83±2.26ab 6.03±6.29ab 5.38±0.70ab

	 Oleic acid (C18:1ω9) 1.25±0.54ab 1.24±0.59ab 1.52±0.80ab 2.49±1.48b 1.90±0.60ab 0.52±0.36a

	 Oleic acid (C18:1ω7) 0.05±0.09a 0.90±0.16a 0.08±0.13a 0.07±0.12a 0.15±0.25a 0.08±0.14a

	 Arachidic acid (C20:1ω9) 1.23±0.60ab 2.21±0.67bc 2.86±0.99bc 2.05±1.22abc 3.86±1.96bc 0.03±0.05a

	 Erucic acid (C22:1ω9) 0.22±0.38a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a

	 cis-11-Docosenoic acid (C22:1ω11) 4.65±6.30a 0.56±0.18a 0.35±0.12a 3.75±6.22a 1.19±0.51a 1.23±0.67a

	 Linoleic acid (C18:2ω6) 0.89±0.38ab 0.46±0.05ab 0.74±0.15ab 0.32±0.20a 0.58±0.26ab 1.02±0.67b

	 Stearidonic acid (C18:4ω3) 0.18±0.18a 0.96±1.67a 2.98±1.15a 0.19±0.17a 0.00±0.00a 0.01±0.02a

	 Eicosapentaenoic acid EPA (C20:5ω3) 0.88±0.78a 1.24±1.08a 1.12±0.97a 0.95±0.82a 2.14±1.85a 1.00±0.93a

	 Docosapentaenoic acid DPA (C22:5ω3) 2.11±1.73a 3.08±2.65a 2.37±1.91a 1.89±1.51a 4.99±4.12a 1.81±1.43a

	 Docoxahexaenoic acid DHA (C22:6ω3) 11.85±9.77a 18.42±17.60a 13.43±10.32a 10.74±7.86a 29.08±25.24a 10.86±8.27a

Mean ± SD in each row superscripted with different lowercase letters are significantly (p < 0.05) different between culture days for each fatty acid.
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microalgae cultured in controlled condition. This would also 
explain why there were differences in the cell density and 
chlorophyll contents between ALY and ASC, with the former 
showing a decline in both the cell density and chlorophyll 
contents, while the latter had a decline only in the chlorophyll 
contents.
	 From the literature, chlorophyll concentrations often 
dropped from the exponential to the stationary growth phase 
in microalgal culture after long culture, causing nutrient 
starvation (Ruivo et al., 2011; Lim et al., 2017; Young  
et al., 2022). Abiotic stress factors, such as temperature, CO2, 
light and salinity can significantly affect the biochemical 
composition of algal cells, including the protein concentration, 
lipid production and photosynthetic components (Chen et al., 
2011; He et al., 2015; da Silva Ferreira, 2017).
	 Under these circumstances, microalgae stop dividing but 
are still able to perform photosynthesis and the accumulation 
of triacylglycerides, which is considered a survival strategy to 
endure adverse conditions (Schenk et al., 2008; Breuer et al., 
2012; Liu and Benning, 2013).
	 The results herein indicated that ASC had the longest 
stationary phase (>11 d), which meant it could be cultured 
for a longer period and its biochemical contents (in this study, 
chlorophyll) could be processed with no significant impact 
on its growth rate for such a period. The ability of the long-
term culture to tolerate nutrient exhaustion and the ability to 
adjust its biochemical composition with no obvious effect  
on growth are considered desirable characteristics for  
potential commercial microalgal biomass production (Bumbak 
et al., 2011; Mohammad Mirzaie et al., 2016). However,  
the downside to ASC from this viewpoint is that it is a slow-
growing algae compared to ALY.

Total lipid content

	 It was clear that the maximum biomass levels reached by 
ALY and ASC were significantly higher than for the other 
Amphora sp. strains in this study. Therefore, the determination 
of lipid composition focused only on these two strains.
	 The total lipid contents in ALY at day 6 and day 9 of culture 
were significantly higher (1.6 folds) than those in ASC; however, 
the levels of lipids in ASC remained the same throughout the 
experiment. The specific increase in the lipid content observed 
in ALY might have resulted from the response to nutrient 
depletion. There are increasing numbers of studies confirming 
that a lipid increase in microalgae during culture depended 
on the depletion or removal of nutrients (Yu et al., 2009;  

d’Ippolito et al., 2015; Cointet et al., 2019b). Several of studies 
have indicated that various diatoms were able to produce lipid 
amounting to up to 40–60% of their dry biomass (Chen, 2012; 
Sayanova et al., 2017; Xue et al., 2017; Zulu et al., 2018).
	 In the present study, the total lipid content in ALY peaked 
at greater than 70% of the dried weight which was the highest 
amount found in diatom documentation, while that of ASC  
was about 45% of the dried weight, which was close to the 
results from other studies (44.33 % in Chaetoceros sp. (Saxena 
et al., 2021), 29.66 % in Thalassiosira sp. (Saxena et al., 2021), 
57.6 % in C. gracilis (Saxena et al., 2022) and 50.4 % in  
T. weissflogii (Saxena et al., 2022)).
	 ALY and ASC possessed different characteristics of lipid 
production, with ALY requiring 6 d to produce its maximum 
total lipid content, while ASC needed 9 d of culture. Thus, 
ALY would be the best candidate for lipid production based 
on its higher yield and harvesting batches. Additionally,  
ALY showed greater potential for lipid production compared 
to other diatoms in other reports, such as Chaetoceros sp., 
Chaetoceros gracilis, Thalassiosira sp. and Thalassiosira 
weissflogii (Saxena et al., 2021). In contrast, ASC appeared 
to be inferior in lipid production but could produce lipid 
consistently during long and stressful conditions, such as 
nutrient deprivation, suggesting ASC as an optional candidate 
for culturing over an extended culture period or for specific 
purpose biomass production.

Fatty acid composition

	 The major UFAs found in this study were n-3 PUFAs—
DHA, DPA, EPA and stearidonic acid (C18:4ω3)—while the 
minor UFA was linoleic acid (LA). The level of UFAs was 
higher than for SFAs in both strains and the same proportion 
of these two was evident throughout the experiment. Both the 
UFAs and SFAs in ALY increased at the beginning and dropped 
at the end of the experiment, while those of ASC remained 
constant throughout the experiment. The fatty acid profiles in 
ALY and ASC were similar to the results from other studies on 
diatoms. Compared to other diatoms, the DHA contents of ASC 
and ALY were superior to those reported for Amphora sp. and 
most other diatoms, while the EPA contents of both ALY and 
ASC were inferior to those of other diatoms (Table S1).
	 The high DHA content in ASC could be useful for DHA 
enrichment in live feed, such as copepods (Reitan et al., 1997; 
McKinnon et al., 2003) or as an alternative source of DHA to 
some fish oils that contain high DHA content, such as tuna oil 
(Sprague et al., 2015; Fard et al., 2020). Omega 3 (ω-3) and 
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omega 6 (ω-6) fatty acids are PUFAs that are essential for the 
human body and animal to function properly, establishing normal 
growth and development through all stages of life (González-
Félix et al., 2002; Turchini et al., 2010; Araújo et al., 2019; 
DurmuŞ, 2019; An et al., 2020; Zhang et al., 2022; Zhu et al., 2023).
	 Compared to other microalgae, the ω-3 levels in both ALY 
and ASC were higher than the reported in other Amphora sp. 
strains but still lower than in some other diatoms (Chaetoceros 
sp. and Thalassiosira sp.). In contrast, the ω-6 content of both 
strains was much lower than for other Amphora sp. strains. but 
clearly surpassed the other diatoms (Table S2).
	 The activities of ω-3 and ω-6 carry out opposite physiological 
functions; therefore, an imbalance in the amounts and ratio of 
these fatty acids can cause detrimental health effects. For this 
reason, adequate amounts and the optimal ratio of these fatty 
acids in the diet are crucial.
	 In the current study, the ω-6-to-ω-3 ratios of ALY and ASC 
were 0.18 and 0.15, respectively, which were in a similar range 
for this ratio commonly found in most microalgal and marine 
organisms. These ratios are considered as ideal indicators of 
quality for lipid ingredients in the aquaculture feed industry, 
as such low ω-6-to-ω-3 ratios can be easily optimized into 
feed formulations, which is desirable for fish meal or fish oil 
replacement.
	 In marine animals, the ω-6-to-ω-3 ratio varies vastly, from 0.02  
in European squid to 0.48 in striped piggy (Özogul et al., 2009).  
In microalgae, the ratio varies from 0.04 in Dinophyta to 0.40  
in Cyanobacteria, while the average ω-6-to-ω-3 ratio of diatoms  
was reported as 0.06 (Jónasdóttir, 2019). In the current study,  
the ω-6-to-ω-3 ratios for ALY and ASC were 0.18 and 0.15, 
respectively, which were within the range for this ratio commonly  
found in most diatoms (or microalgae) and marine organisms.
	 According to their fatty acid profiles, ALY and ASC would 
be considered as n-3 PUFA-producing diatoms. Based on their 
growth performance levels, ALY and ASC had the highest 
biomass production compared to the other two strains. ALY 
should be considered the best candidate for biomass production 
over a shorter period, while ASC requires a longer time but 
is more tolerant to nutrient depletion than the other strains.  
In summary, this recent study provides basic knowledge to 
help guide biomass production of Amphora sp. Strains isolated 
from the Gulf of Thailand and cultured indoors. Two potential 
strains (ALY and ASC) were analyzed for their lipid contents 
and fatty acid profiles, which revealed that these diatoms 
produced high levels of n-3 PUFAs, suggesting that the ALY 
and ASC Amphora sp. strains could be considered for further 
application.

Conflict of Interest

	 The authors declare that there are no conflicts of interest.

Acknowledgements 

	 This research was carried out with support from the 
Aquatic Resources Research Institute (ARRI), Chulalongkorn 
University. Professor Gerald F. Plumley and researchers and 
colleagues at ARRI provided valuable assistance during the 
research.

References 

An, W., He, H., Dong, X., et al. 2020. Regulation of growth, fatty 
acid profiles, hematological characteristics and hepatopancreatic  
histology by different dietary n-3 highly unsaturated fatty acids levels  
in the first stages of juvenile Pacific white shrimp (Litopenaeus 
vannamei). Aquac. Rep. 17: 100321. doi.org/10.1016/j.aqrep.2020. 
100321

AquaFluor® Handheld Fluorometer and Turbidimeter. 2023. Turner 
designs. http://docs.turnerdesigns.com/t2/doc/manuals/998-0851.pdf, 
13 September 2020.

Araújo, B.C., Mata-Sotres, J.A., Viana, M.T., Tinajero, A., Braga, 
A. 2019. Fish oil-free diets for Pacific white shrimp Litopenaeus 
vannamei: The effects of DHA-EPA supplementation on juvenile 
growth performance and muscle fatty acid profile. Aquaculture 511: 
734276. doi.org/10.1016/j.aquaculture.2019.734276

Arroussi, H.E., Benhima, R., Mernissi, E., Bouhfid, R., Tilsaghani, C., 
Bennis, I., Wahby, I. 2017. Screening of marine microalgae strains 
from Moroccan coasts for biodiesel production. Renew. Energ. 113: 
1515–1522. doi.org/10.1016/j.renene.2017.07.035

Breuer, G., Lamers, P.P., Martens, D.E., Draaisma, R.B., Wijffels, 
R.H. 2012. The impact of nitrogen starvation on the dynamics of 
triacylglycerol accumulation in nine microalgae strains. Bioresour. 
Technol. 124: 217–226. doi.org/10.1016/j.biortech.2012.08.003

Brown, M.R. 2002. Nutritional value and use of microalgae for  
aquaculture. In: Cruz-Suárez, L.E., Ricque-Marie, D., Tapia-Salazar, 
M., Gaxiola-Cortés, M.G., Simoes, N. (Eds.). Advances in Aquaculture 
Nutrition VI. In: Proceedings of the 6th International Symposium  
on Aquaculture Nutrition. Quintana Roo, Mexico, pp. 281–292.

Bumbak, F., Cook, S., Zachleder, V., Hauser, S., Kovar, K. 2011. Best 
practices in heterotrophic high-cell-density microalgal processes: 
Achievements, potential and possible limitations. Appl. Microbiol. 
Biotechnol. 91: 31–46. doi.org/10.1007/s00253-011-3311-6

Chen, Y.-C. 2012. The biomass and total lipid content and composition  
of twelve species of marine diatoms cultured under various 
environments. Food Chem. 131: 211–219. doi.org/10.1016/j.foodchem. 
2011.08.062



31E. Thongdet et al. / Agr. Nat. Resour. 58 (2024) 23–32

Chen, C.-Y., Yeh, K.-L., Aisyah, R., Lee, D.J., Chang, J.S. 2011. 
Cultivation, photobioreactor design and harvesting of microalgae 
for biodiesel production: A critical review. Bioresour. Technol. 102: 
71–81. doi.org/10.1016/j.biortech.2010.06.159

Chiu, J.M.-Y., Thiyagarajan, V., Pechenik, J.A., Hung, O.-S., Qian, P.-Y. 
2007. Influence of bacteria and diatoms in biofilms on metamorphosis 
of the marine slipper limpet Crepidula onyx. Mar. Biol. 151: 1417–
1431. doi.org/10.1007/s00227-006-0580-1

Cointet, E., Wielgosz-Collin, G., Bougaran, G., Rabesaotra, V., Goncalves, 
O., Meleder, V. 2019a. Effects of light and nitrogen availability on 
photosynthetic efficiency and fatty acid content of three original 
benthic diatom strains. PLoS One 14: e0224701. doi.org/10.1371/
journal.pone.0224701

Cointet, E., Wielgosz-Collin, G., Méléder, V., Gonçalves, O. 2019b. Lipids 
in benthic diatoms: A new suitable screening procedure. Algal Res. 39: 
101425. doi.org/10.1016/j.algal.2019.101425

Courtois de Viçose, G., Porta, A., Viera, M.P., Fernández-Palacios, H., 
Izquierdo, M.S. 2012. Effects of density on growth rates of four 
benthic diatoms and variations in biochemical composition associated 
with growth phase. J. Appl. Phycol. 24: 1427–1437. doi.org/10.1007/
s10811-012-9799-z

de Jesús-Campos, D., López-Elías, J.A., Medina-Juarez, L.Á., Carvallo-
Ruiz, G., Fimbres-Olivarria, D., Hayano-Kanashiro, C. 2020. Chemical 
composition, fatty acid profile and molecular changes derived from 
nitrogen stress in the diatom Chaetoceros muelleri. Aquac Rep. 16: 
100281. doi.org/10.1016/j.aqrep.2020.100281

de la Peña, M.R. 2007. Cell growth and nutritive value of the tropical 
benthic diatom, Amphora sp., at varying levels of nutrients and light 
intensity, and different culture locations. J. Appl. Phycol. 19: 647–655. 
doi.org/10.1007/s10811-007-9189-0

da Silva Ferreira, V., Sant’Anna, C. 2017. Impact of culture conditions 
on the chlorophyll content of microalgae for biotechnological 
applications. World J. Microbiol. Biotechnol. 33: 20. doi.org/10.1007/
s11274-016-2181-6

d’Ippolito, G., Sardo, A., Paris, D., Vella, F.M., Adelfi, M.G., Botte, P., 
Gallo, C., Fontana, A. 2015. Potential of lipid metabolism in marine 
diatoms for biofuel production. Biotechnol. Biofuels 8: 28. doi.
org/10.1186/s13068-015-0212-4 

DurmuŞ, M. 2019. Fish oil for human health: Omega-3 fatty acid profiles 
of marine seafood species. Food Sci. Technol. 39: 454–461. doi.
org/10.1590/fst.21318 

Fard, M.B., Mirbagheri, S.A., Pendashteh, A., Alavi, J. 2020. Estimation 
of effluent parameters of slaughterhouse wastewater treatment with 
artificial neural network and B-spline quasi interpolation. Int. J. 
Environ. Res. 14: 527–539. doi.org/10.1007/s41742-020-00274-1

Gomes, A., Lourenço, S., Santos, P.M., Raposo, A., Mendes, A., 
Gonçalves, S.C., Ferreira, S.M.F., Pombo, A. 2021. Effects of single 
and mixed-diatom diets on growth, condition, and survival of larvae of 
the sea urchin Paracentrotus lividus (Lamarck, 1816). Aquacult. Int. 
29: 1069–1090. doi.org/10.1007/s10499-021-00676-8

González-Félix, M.L., Gatlin, D.M., Lawrence, A.L., Perez-Velazquez, 
M. 2002. Effect of various dietary lipid levels on quantitative 
essential fatty acid requirements of juvenile pacific white shrimp 
Litopenaeus vannamei. J. World Aquac. Soc. 33: 330–340. doi.
org/10.1111/j.1749-7345.2002.tb00509.x

Govindan, N., Maniam, G.P., Ab. Rahim, M.H., Sulaiman, A.Z., Ajit, A., 
Chatsungnoen, T., Chisti, Y. 2021. Production of renewable lipids by 
the diatom Amphora copulate. Fermentation 7: 37. doi.org/10.3390/
fermentation7010037

He, Q., Yang, H., Wu, L., Hu, C. 2015. Effect of light intensity  
on physiological changes, carbon allocation and neutral lipid 
accumulation in oleaginous microalgae. Bioresour. Technol. 191: 
219–228. doi.org/10.1016/j.biortech.2015.05.021

Jónasdóttir, S.H. 2019. Fatty acid profiles and production in marine 
phytoplankton. Mar. Drugs 17: 151. doi.org/10.3390/md17030151

Khatoon, H., Banerjee, S., Yusoff, F.M., Shariff, M. 2009. Evaluation 
of indigenous marine periphytic Amphora, Navicula and Cymbella 
grown on substrate as feed supplement in Penaeus monodon  
postlarval hatchery system. Aquac. Nutr. 15: 186–193. doi.org/10.1111/
j.1365-2095.2008.00582.x

Khwancharoen, C., Chotipan, N., Nawatmai, T., Direkbussarakom, S. 
2020. Effects of nitrogen sources on the growth and biochemical 
composition of diatom (Amphora coffeaeformis) used for shrimp 
larviculture. Walailak J. Sci. Tech. 18: 12429. doi.org/10.48048/
wjst.2021.12429

Khumaidi, A., Iranawati, F., Kilawati, Y., Yanuhar, U., Fadjar, M. 
2020. Morphology, molecular, and nutritional value of Amphora sp.  
from coastal water of the grouper cultivation center (Situbondo, 
Indonesia). Eco. Env. Cons. 26: 943–949.

LeGresley, M., McDermott, G. 2010. Counting chamber methods for 
quantitative phytoplankton analysis haemocytometer, Palmer-Maloney 
cell and Sedgewick-Rafter cell. In: Karlson, B., Cusack, C., Bresnan, 
E. (Eds.). Microscopic and Molecular Methods for Quantitative 
Phytoplankton Analysis. United Nations Educational, Scientific and 
Cultural Organization. Paris, France, pp. 25–30. 

Li, L., Cui, J., Liu, Q., Ding, Y., Liu, J. 2015. Screening and phylogenetic 
analysis of lipid-rich microalgae. Algal Res. 11: 381–386. doi.org/ 
10.1016/j.algal.2015.02.028

Li, X., Pan, Y., Hu, H. 2018. Identification of the triacylglycerol lipase in 
the chloroplast envelope of the diatom Phaeodactylum tricornutum. 
Algal Res. 33: 440–447. doi.org/10.1016/j.algal.2018.06.023

Lim, Y.-K., Phang, S.-M., Sturges, W.T., Malin, G., Rahman, N.B.A. 2017. 
Emission of short-lived halocarbons by three common tropical marine 
microalgae during batch culture. J. Appl. Phycol. 30: 341–353. doi.
org/10.1007/s10811-017-1250-z

Liu, B., Benning, C. 2013. Lipid metabolism in microalgae distinguishes 
itself. Curr. Opin. Biotechnol. 24: 300–309. doi.org/10.1016/j.
copbio.2012.08.008

Macias-Sancho, J., Poersch, L.H., Bauer, W., Romano, L.A., Wasielesky, 
W., Tesser, M.B. 2014. Fishmeal substitution with Arthrospira 
(Spirulina platensis) in a practical diet for Litopenaeus vannamei: 
Effects on growth and immunological parameters. Aquaculture  
426–427: 120–125. doi.org/10.1016/j.aquaculture.2014.01.028

McKinnon, A.D., Duggan, S., Nichols, P.D., Rimmer, M.A., Semmens, 
G., Robino, B. 2003. The potential of tropical paracalanid copepods as 
live feeds in aquaculture. Aquaculture 223: 89–106. doi.org/10.1016/
S0044-8486(03)00161-3

Miles, R.D., Chapman, F.A. 2021. The benefits of fish meal in aquaculture 
diets. Fisheries and Aquatic Sciences Department, UF/IFAS Extension. 
https://edis.ifas.ufl.edu/publication/FA122/, 5 March 2021.



32 E. Thongdet et al. / Agr. Nat. Resour. 58 (2024) 23–32

Mohammad Mirzaie, M.A., Kalbasi, M., Mousavi, S.M., Ghobadian, B. 
2016. Investigation of mixotrophic, heterotrophic, and autotrophic 
growth of Chlorella vulgaris under agricultural waste medium. Prep. 
Biochem. Biotechno. 46: 150–156. doi.org/10.1080/10826068.2014.
995812

Nagappan, S., Das, P., AbdulQuadir, M., et al. 2021. Potential of 
microalgae as a sustainable feed ingredient for aquaculture. J. 
Biotechnol. 341: 1–20. doi.org/10.1016/j.jbiotec.2021.09.003

Nomaguchi, T., Maeda, Y., Liang, Y., Yoshino, T., Asahi, T., Tanaka, T. 2018. 
Comprehensive analysis of triacylglycerol lipases in the oleaginous 
diatom Fistulifera solaris JPCC DA0580 with transcriptomics under 
lipid degradation. J. Biosci. Bioeng. 126: 258–265. doi.org/10.1016/ 
j.jbiosc.2018.03.003

Orefice, I., Chandrasekaran, R., Smerilli, A., et al. 2016. Light-induced 
changes in the photosynthetic physiology and biochemistry in  
the diatom Skeletonema marinoi. Algal Res. 17: 1–13. doi.org/ 
10.1016/j.algal.2016.04.013

Özogul, Y., Özogul, F., Cicek, E., Polat, A., Kuley, E. 2009. Fat content 
and fatty acid compositions of 34 marine water fish species from 
the Mediterranean Sea. Int. J. Food Sci. Nutr. 60: 464–475. doi.
org/10.1080/09637480701838175

Parvin, M., Zannat, M.N., Habib, M.A.B. 2007. Two important techniques 
for isolation of microalgae. Asian Fish. Sci. 20: 117–124. 

Peterson, J.J. 2002. Improved shrimp larviculture using diatoms. Global 
Aquaculture Advocate. https://www.globalseafood.org/advocate/
improved-shrimp-larviculture-using-diatoms/, 1 February 2002.

Rani, V., Deepika, S., Abrna, K., Uma, A. 2022. Isolation, identification, 
and optimization of growth conditions for the marine microalgae 
isolated from the Gulf of Mannar, South-east coast of India. Reg. Stud. 
Mar. Sci. 51: 102189. doi.org/10.1016/j.rsma.2022.102189

Reitan, K.I., Rainuzzo, J.R., Oie, G., Olsen, Y. 1997. A review of the 
nutritional effects of algae in marine fish larvae. Aquaculture 155: 
207–221. doi.org/10.1016/S0044-8486(97)00118-X

Romero-Romero, C.C., Sánchez-Saavedra, M.d.P. 2017. Effect of light 
quality on the growth and proximal composition of Amphora sp. J. 
Appl. Phycol. 29: 1203–1211. doi.org/10.1007/s10811-016-1029-7

Ruivo, M., Amorim, A., Cartaxana, P. 2011. Effects of growth phase 
and irradiance on phytoplankton pigment ratios: implications for 
chemotaxonomy in coastal waters. J. Plankton Res. 33: 1012–1022. 
doi.org/10.1093/plankt/fbr019

Santos-Ballardo, D.U., Rossi, S., Hernández, V., Gómez, R.V., del Carmen 
Rendón-Unceta, M., Caro-Corrales, J., Valdez-Ortiz, A. 2015. A simple 
spectrophotometric method for biomass measurement of important 
microalgae species in aquaculture. Aquaculture 448: 87–92. doi.
org/10.1016/j.aquaculture.2015.05.044

Sarker, P.K., Kapuscinski, A.R., McKuin, B., Fitzgerald, D.S., Nash, 
H.M., Greenwood, C. 2020. Microalgae-blend tilapia feed eliminates 
fishmeal and fish oil, improves growth, and is cost viable. Sci. Rep. 10: 
19328. doi.org/10.1038/s41598-020-75289-x

Saxena, A., Marella, T.K., Singh, P.K., Tiwari, A. 2021. Indoor mass 
cultivation of marine diatoms for biodiesel production using induction 
plasma synthesized nanosilica. Bioresour. Technol. 332: 125098. doi.
org/10.1016/j.biortech.2021.125098

Saxena, A., Mishra, B., Tiwari, A. 2022. Mass cultivation of marine diatoms 
using local salts and its impact on growth and productivity. Bioresour. 
Technol. 352: 127128. doi.org/10.1016/j.biortech.2022.127128

Sayanova, O., Mimouni, V., Ulmann, L., Morant-Manceau, A., Pasquet, 
V., Schoefs, B., Napier, J.A. 2017. Modulation of lipid biosynthesis 
by stress in diatoms. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 372: 
20160407. dx.doi.org/10.1098/rstb.2016.0407

Schenk, P.M., Thomas-Hall, S.R., Stephens, E., Marx, U.C., Mussgnug, 
J.H., Posten, C., Kruse, O., Hankamer, B. 2008. Second generation 
biofuels: High-efficiency microalgae for biodiesel production. 
Bioenerg. Res. 1: 20–43. doi.org/10.1007/s12155-008-9008-8

Sprague, M., Walton, J., Campbell, P.J., Strachan, F., Dick, J.R., Bell, J.G. 
2015. Replacement of fish oil with a DHA-rich algal meal derived  
from Schizochytrium sp. on the fatty acid and persistent organic 
pollutant levels in diets and flesh of Atlantic salmon (Salmo salar, L.) 
post-smolts. Food Chem. 185: 413–421. 

Supramaetakorn, W., Meksumpun, S., Ichimi, K., Thawonsode, N., 
Veschasit, O. 2019. Potential fucoxanthin production from a marine 
Diatom. J. Fish. Environ. 43: 1–10.

Turchini, G.M., Ng, W.K., Tocher, D.R. 2010. Fish Oil Replacement and 
Alternative Lipid Sources in Aquaculture Feed. CRC Press. New York, 
NY, USA.

Upadhyay, S., Lawrence, K., Shekhar, S.K., Anantharaman, P. 2017. Lipid 
screening, extraction and production of biodiesel from marine diatom 
Odontella aurita. Int. J. Curr. Microbiol. App. Sci. 6: 1259–1269. doi.
org/10.20546/ijcmas.2017.603.145

Wang, P., Park, B.S., Kim, J.H., Kim, J.-H., Lee, H.-O., Han, M.-S. 2014. 
Phylogenetic position of eight Amphora sensu lato (Bacillariophyceae) 
species and comparative analysis of morphological characteristics. 
Algae 29: 57–73. doi.org/10.4490/algae.2014.29.2.057

Xue, L.-L., Chen, H.H., Jiang, J.-G. 2017. Implications of glycerol 
metabolism for lipid production. Prog. Lipid Res. 68: 12–25. doi.
org/10.1016/j.plipres.2017.07.002

Young, E.B., Reed, L., Berges, J.A. 2022. Growth parameters and 
responses of green algae across a gradient of phototrophic, mixotrophic 
and heterotrophic conditions. PeerJ 10: e13776. doi.org/10.7717/
peerj.13776

Yu, E.T., Zendejas, F.J., Lane, P.D., Gaucher, S., Simmons, B.A., Lane, 
T.W. 2009. Triacylglycerol accumulation and profiling in the model 
diatoms Thalassiosira pseudonana and Phaeodactylum tricornutum 
(Baccilariophyceae) during starvation. J. Appl. Phycol. 21: 669–681. 
doi.org/10.1007/s10811-008-9400-y

Zhang, H., Liu, M., Shao, R., et al. 2022. The effects of different lipid 
sources on the growth, intestinal health, and lipid metabolism of 
the pacific white shrimp (Litopenaeus vannamei). Aquaculture 548: 
737655. doi.org/10.1016/j.aquaculture.2021.737655

Zhang, Y., Gao, Y., Liang, J., Chen, C., Zhao, D., Li, X., Li, Y.,  
Wu, W. 2010. Diatom diet selectivity by early post-larval abalone  
Haliotis diversicolor supertexta under hatchery conditions.  
Chin. J. Ocean. Limnol. 28: 1187–1194. doi.org/10.1007/s00343-010-
0019-x

Zhu, W., Dong, R., Ge, L., Yang, Q., Lu, N., Li, H., Feng, Z. 2023. Effects 
of dietary n-6 polyunsaturated fatty acids (PUFA) composition on 
growth performances and non-specific immunity in pacific white 
shrimp (Litopenaeus vannamei). Aquac. Rep. 28: 101436. doi.
org/10.1016/j.aqrep.2022.101436 

Zulu, N.N., Zienkiewicz, K., Vollheyde, K., Feussner, I. 2018. Current 
trends to comprehend lipid metabolism in diatoms. Prog. Lipid Res. 
70: 1–16. doi.org/10.1016/j.plipres.2018.03.001


	Growth, total lipid content and fatty acid composition of Amphora sp. isolated from Gulf of Thailand as alternative lipid source in larviculture
	Introduction
	Materials and Methods
	Isolation of diatoms
	Diatom culture conditions
	Biomass determination
	Determination of total lipid content
	Determination of fatty acids composition (fatty acid methyl ester analysis)

	Statistical analysis

	Results
	Biomass
	Chlorophyll
	Cell density
	Specific growth rate
	Total lipid content
	Fatty acid composition


	Discussion
	Biomass and growth of Amphora sp. strains
	Total lipid content
	Fatty acid composition

	Conflict of Interest
	Acknowledgements
	References

	List of Figures
	Fig. 1 Sampling locations of four Amphora sp. strains in Gulf of Thailand
	Fig. 2 Growth data for four diatom strains: (A) biomass; (B) relative fluorescence, with cell density determined on days 0, 2, 6, 9 and 13 of culture;(C) specific growth rate (SGR), determined during the intervals of days 2–6, 6–9 and 9–13 of culture. Data points (mean ± SD) with different lowercase letters are significantly (p < 0.05) different between Amphora sp. strains on each culture day.
	Fig. 3 Lipid and fatty acid contents of two diatom strains determined on days 6, 9 and 13 of culture: (A) total lipid content; (B) saturated fatty acid (SFA) content;(C) unsaturated fatty acid (UFA), where values (mean ± SD) with asterisk are significantly (p < 0.05) different between Amphora sp. strains on each culture day0102030405060708090Day

	Lists of Table
	Table 1 Fatty acid composition determined for two strains of Amphora sp. at different periods of culture




