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ABSTRACT

The aim of this study was to investigate the growth characteristics of microalgae strains isolated from
Kendari Bay and the Wanggu River estuary, Indonesia. The growth of the isolates, denoted as Kb1-2, Kb1-
3, Kb1-5, and Kb2-6, were evaluated under controlled conditions. A batch culture experiment of these
strains except Kb2-6 was conducted for 15 days under salinity levels of 20, 25, 30, and 35 gL". Tetrase/mis
chui, Tisochrysis lutea, and Chaetocero sneogracile were also culture and used as the growth references. Cell
density was measured every day and cell size was measured from 50 live cells during the logarithmicphase.
The cell sizes of three of the four Indonesian microalgae ranged from 1.2-11.8 um, considered suitable for
shrimp larvae. The Indonesian strains started the logarithmic phase of growth at all salinities tested from
day 0 to day 3 after inoculation except for Kb1-3 that started the phase after a 3-day lag. Increased cell
density over the culture period and division rate of Indonesian microalgae during the logarithmic phase of
growth were similar at all salinitiestested and similar to T chui, Ti. lutea, and C. neogracile. However, thefinal
biomasses after 15 days of culture of all microalgal strains were affected by culture salinities tested.
Indonesian microalgal strains showed similar dry weight and ash free dry weight to smaller-cell strans, Ti.
lutea and C. neogracile. Indonesian strains (other than Kb2-6) are suggested as suitable live food candidates
for mass culture in shrimp hatcheries based on their cell size, ability to survive long culture periods, and
wide salinity tolerance.
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INTRODUCTION Sanchez et al., 2014; Ma & Qin, 2012; Arney et al.,
2015); however, partial substitution with artificial
diets and frozen microalgal replacement diets are of
promising alternatives (Gui et al., 2015; Southgate et
al., 2016). Nevertheless, the availability of live
microalgae in hatcheries for marine cultured species

(mollusks, shrimps, and finfish) remains critical to

Microalgae have been mass cultured as live food
for mollusk, shrimp, and finfish seeds and fingelings
in hatcheries (Wikfors & Ohno, 2001; Martinez-
Fernandez & Southgate, 2007; Kent et al., 2011; lba et
al., 2014). Replacing live microalgae with artificial
diets or dried microalgae for several aquaculture spe-

cies has so far been unsuccessful (Gallardo et al., 2002;
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ensure acontinuous supply of healthy seed for grow-
out aquaculture (Wells et al., 2017). A survey con-
ducted by the Global Aquaculture Alliancein 2011 re-
vealed that seedstock quality and availability were still
the main issues in producing good quality shrimp in
Asia (Valderrama & Anderson, 2012). With effective
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microalgal feeds, hatcheries are expected to produce
robust, healthy and inexpensive seedstock for
commercial application.

South-East Sulawesi (SE-Sulawesi, 02°45' to
06°15’S 120°45' to 124°45’E), Indonesia, has a great
potential for unexploited microalgae because of the
region’s abundant and diverse water resources as
habitats for microalgae, both in fresh and seawater.
Approximately 75%(115,000 of 153,000 km?) of the
SE-Sulawesi territory consists of marine areas (Sahrir
et al., 2014). Local microalgae from SE-Sulawesi are
not yet utilized, despite their potential to support
biofuel production, food supplements, and aquacul-
ture within the country. Most shrimp aquaculture in
SE-Sulawesi currently relies upon microalgae cultures
provided from the South Sulawesi and Java regions
which incur high operational costs to aquaculture
farms and hatcheries. The price of microalgae starter
cultures obtained from Java and South Sulawesi such
as Qirulina, Chorella, and Dunaliella, is in the range of
US$10-30-L" (Iba et al., 2014). That price can be re-
duced by up to 50%if the starter cultures were sourced
from within the SE-Sulawesi region as a result of
minimal transportation costs within the region. Im-
porting microalgae from other regions also exposes
receiving areas to risks from non-native species in-
vasions, both the microalgae species and any con-
taminating microorganisms. To reduce transporta-
tion cost and non-native introduction issues, the use
of locally-isolated cultured microalgae in local
hatcheries should be encouraged.

Kendari Bay and the Wanggu Rver are economi-
cally important and ecologically critical for SE-
Sulawesi, particularly for Kendari city, the province’s
capital city. Currently, Kendari Bay receives an
excessive amount of anthropogenic run-offs and
effluents, mostly in the form of sediment because of
inappropriate land use in the surrounding areas. As
most of the Kendari population lives in the Wanggu
River watershed, this river also receives similar
pressures in the form of organic and inorganic pollu-
tion. Habitats such as Wanggu River and Kendari Bay
that receive high nutrient inputs from wastewater
may have some species of microalgae that potentially
can be grown easily in laboratory condition. Cai et
al. (2013) showed that several species of microalgae
such as Chlorélla sp., Scenedesmus sp., Oscillatoria sp.,
and Isochrysis sp., some of which are commonly used
in aquaculture hatcheries, tend to grow better in high
nutrient effluent waters. A previous study of phy-
toplankton identification in Kendari Bay had found
four dominant strains of microalgae from three
different classes (Ibaet al., 2009). These strainscould
potentially be used in hatcheries once their growth

(Wa Iba)

characteristics under controlled conditions are
known. This study, therefore, was aimed to charac-
terize the growth of the newly isolated local strains
of microalgae from Kendari Bay and the Wanggu River
estuary of SE-Sulawesi, Indonesia.

MATERIALS AND METHODS

Sampling and Isolation of Microalgae

The samples for this experiment were collected
from two locations: the marine waters of Kendari
Bay (3°58'55"S, 122°33’12"E) and the brackish water
(estuary) of the Wanggu River (3°58’S, 122°35°F) at
up to 2-m depth in each location. Fifty liters of
seawater were filtered through a plankton net
(25-um mesh) to remove zooplankton. The filtrate
was collected in the sample jar of the plankton net
from which 30-mL of the filtrate sample was filled
into two 15-mL Falcon tubes and placed in a cooler
box. The water samples suspectedly containing natu-
ral microalgae were brought to the Laboratory of
Fisheries (University of Halu Oleo), Indonesia and
kept overnight at room temperature before being
transported to the USA, at the National Marine
Fisheries Service Milford Laboratory (Milford),
Connecticut and the University of Rhode Island (URI),
Kingston, Rhode Island for isolation procedures.
Fourteen days following collection, water samples
were enriched in 10-mL culture tubes containing
Guillard’s f/8 medium for marine species (Wikfors &
Ohno, 2001; Ponomorenko et al., 2004). Sngle-cell
isolation at URI was conducted using capillary pipettes
according to the procedures described by Andersen
& Kawachi (2005).

At Milford, the isolation was performed using a
flow cytometer (JSAN Model DCS-260U Desktop Cell
Sorter, Bay Bioscience Co., Ltd., Kobe, Jpan). The
samples were incubated under growth conditions
(25°C, 12:12 light:dark, 200 umol photons m? s' PAR)
for several days upon receiving to re-activate photo-
synthetic physiology. Microscope observation re-
vealed 5-10 dominant microalgal taxa (organisms with
chlorophyll fluorescence) in each sample; several
morphotypes were abundant. After concentration
10x by gentle centrifugation (500 x g), the samples
were run through the JSAN flow cytometer and visu-
alized as plots of Forward Scatter (FSC, proportional
to size) and FL3 (chlorophyll fluorescence) or Sde
Scatter (SSC, internal complexity) and FL3. Sort re-
gions were drawn in the centers of aggregations of
events with similar SSC/FL3 — analogous to targeting
the bulls-eye — and the cytometer was programmed
to deposit asingle cell in each well of a 96-well plate
using the plate-deposition unit on the instrument.
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Pre-sterilized well-plates were prepared to receive
the cells by aseptically pipetting 500 uL of sterilized
f/2 medium into each well. As a precaution, the
instrument also was programmed to deposit 50 cells
into small test tubes containing 500 uL of sterilized
culture medium, either f/2 or L1 (Guillard & Hargraves,
1993) -enriched Milford Harbor seawater.

Micro-well plates containing sorted cells were
covered to minimize evaporation and incubated
under the growth conditions stated above. Every
2-3 days, the wells were observed with an inverted
light microscope for evidence of cell proliferation.
Of 300+ wells receiving sorted cells, none yielded
viable cultures; however, several test tubes in which
50 cells had been sorted showed algae growth.
Growing isolates were transferred to 10-mL test
tubes containing 5 mL /2, f/2+ S, or L1 medium and
incubated under growth conditions. The culturesthat
had established robust growth were observed
microscopically for provisional identification and de-
termination of possible unialgal status. The cultures
appearing to be unialgal were analyzed with an ana-
lytical flow cytometer (B-D BioSciences C6, San Jbse,
CA) to determine if more than one chlorophyll-con-
taining particle was present. Following the micro-
scopic and flow-cytometric analyses, 3 unique uni-
algal cultures were found: two appeared to be dia-
toms, which grew well in 2+ S; and one was abrown
flagellate that grew best in L1. These three isolates
obtained and later denoted as Kb1-2, Kb1-3, and Kb-5
from the flow-cytometric isolation effort were sent
to URI for perpetuation and experimentation.

Microalgal Culture

The microalgae were cultured based upon the
methods described by Martinez-Fernandez et al.
(2006) and Rohani-Gnadikolaei (2012). The batch cul-
tures of isolated microalgae were grown in 500-mL
glass culture bottles containing 450 mL of sterilized
seawater with f/2 medium, at 28-30°C, under a 12:12
h light: dark cycle with 160-170 umol photon m? s
PAR and gentle mixing once a day. These Indonesian
microalgal strains were inoculated at densities
ranging from 5.4-6.3 x 10* and 2.1-3.0 x 10* cellsmL"
for Kb1-2 and Kb1-3, respectively. Apreliminary study
with the newly-isolated strains, particularly Kb1-5,
showed that they performed better with cell density
above 5 x 10* ml at inoculation; therefore Kb1-5 was
inoculated at density of 8.3-12.8 x 10*cellsmL". The
cell density at inoculation for comparison species
ranged from 0.2-0.6 x 104, 0.7-1.0 x 10*, and 7.0 x 10*
cellsmL"for C. neogradile, T. chui, and Ti. lutea, respec-
tively. The effect of salinity on microalgal growth
was tested at 35, 30, 25, and 20 gL with four repli-
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cates for each salinity to accommodate a wide range
of salinities possible for microalgal growth including
their natural condition which isin the range of 22-25
gL'. The seawater used in this study was artificial
seawater (Instant Ocean Sea Salt mix) at initial sali-
nity of 30 gL". To be practical, we added artificial salt
(Morton Kosher Salt) to obtain 35 gL' salinity and
distilled water to decrease the salinity to 25 and 20
gL". Three microalgae strains widely cultured in aqua-
culture were used as reference species: Ti. lutea
(T-180; CCMP-1324), T. chui (CCMP-884) obtained from
the shellfish laboratory at Roger Williams University,
Bristol, Rl, USA, and C. neogracile (strain Chaet B) from
Milford Laboratory, Connecticut, USA. The cell den-
sity of cultured microalgae was recorded every two
or three days by fluorometry (AquaHuor Handheld
Huorometer/Turbidimeter Turner Designs Sunnyvale
California, USA) to measure increasing fluorescence
intensity and wavelength distribution over the cul-
ture period (Fig. 1). A measurement was conducted
in each replicate for all salinities tested for 15 days.
Furthermore, the cellsduring logarithmic phase were
counted using a particle counter (Multisizer™ 4
Coulter Counter®, Beckman Coulter, Brea, California,
USA). A regression relationship between Coulter
counts and fluorometer readings was used to esti-
mate cell counts from fluorometer readings. Finally,
the division rate (k) during the logarithmic phase of
the culture at each salinity for each species was cal-
culated based upon cell counts (N) at times (t) (Wood
et al., 2005) as follows:

Cell sizes of the cultured microalgae were obtained
using image analysis software (Nikon NISHements
AR3.0) to measure length, width and diameter of 50
non-dividing microalgal cells from each species, in
logarithmic and stationary phases, and at each of the
salinities.

Identification of the isolated strains was con-
ducted using Scanning Bectron Microscopy (SEM,
JOL 5900 LV system, SEM Tech Solutions, USA) on
material preserved with 2%glutaraldehyde in seawa-
ter. The images of two strains of Indonesian
microalgae, Kb1-3 and Kb1-5, were not successfully
acquired using SEM; therefore, microphotographs of
these strains were taken using a light microscope
(Nikon Eclipse 80i equipped with a Qlmaging Retiga
2000Rdigital camera) at 40x magnification.
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The yield of each cultured microalgal strain
was calculated as an average of final cell density
(cells mL") at stationary phase of 13 and 15 days of
culture. In addition, dry weight (DW) and ash-free
dry weight (AFDW) were measured following the
method of Mohameini et al. (2013). At theend of the
experiment (Fig. 1), four replicates of 100 mL of cul-
tured microalgae at each salinity were filtered using
pre-weighed, pre-combusted (1 h, 100 + 5°C) GF/F
filters (0= 47 mm), and rinsed with 10 mL 0.65-M
ammonium formate to eliminate salts. Filters were
ovendried at 100+ 5°Cfor 1 h, placed overnight over
KMnQ, salts in a vacuum desiccator, and weighed to
obtain dry weight of the algae. The dried algae on
the filters were then combusted at 450° C for 5 h
using a muffle furnace and weighed again to obtain
AFDW. DW and AFDW were calculated using the
following equations:

DW( g j Weight of filter with algae - weight of filter (2)

mL sample volume

3)

AFDW (&j _ Weight of filter with dried algae—DW (

mL sample volume

Statistical Analyses

Dataon cell density of all microalgal strains at each
salinity tested were subjected to repeated measures
ANOVA; whereas, yield, division rate, DW and AFDW
across cultured microalgae were analyzed using two-
way ANOVA. The differences in yield, division rate,
DW and AFDW of the individual microalgal strains at
each salinity tested were analyzed using one-way
ANOVA. All statistical analyses were performed us-
ing SAS Enterprise Guide 7.1.

RESULTS AND DISCUSSION

Microalgal Isolates

We successfully isolated four strains of microalgae
from Kendari Bay SE-Sulawesi denoted as Kb1-2,
Kb1-3, Kb1-5, and Kb2-6 (Table 1). Kb2-6 was iso-
lated using single-cell pipette isolation whereas

Table 1.

(Wa Iba)

Kb1-2, Kb1-3, and Kb1-5 were from the 50 sorted
cells of flow cytometer. Kb1-2 is a Chaetoceros spe-
cies (Class Bacillariophyceae) as shown by SEM and
later confirmed by genomic sequences of 18S and
28SrDNA (Fig. 2, data on genomics are not shown).
The isolate labeled Kb1-3 has a coccoid morphology
and sometimes cells clump together. Kb1-5 isirregu-
lar in shape and has relatively smaller sizes compared
to other local isolates (Fig. 3). Neither Kb1-3 nor
Kb1-5 could be identified suggesting they are new
species needed to be further identified. Kb2-6, iden-
tified as Melosir acf.moniliformis, forms colonies and
has a larger cell size of more than 10 um suggesting
that the strain is not suitable for shrimp hatchery
and therefore was excluded from the subsequent cul-
ture experiments.

Of the three distinct strains that were included in
the growth experiment, one strain was identified as
Chaetoceros sp., a diatom species. The size of the
microalgae in this growth experiment ranged from
1.2 to 11.8 um, considered as either pico or
nanoplankton, thus is suitable as feed for aquacul-
ture hatcheries, particularly shrimp aquaculture as
suggested by Brown (2002) and Becker (2004), and
comparable to those extensively used in aquaculture,
particularly C. neogracileand Ti. lutea.

Microalgal Growth

Thedivision ratesdecreased asthe culture reached
a late logarithmic and onset of stationary phase
(Fig. 3). There were no significant differences in the
division rate among microalgal strainsduring the loga-
rithmic growth phase across all salinity levels tested
aswell astheinteraction between salinity and strain.
The differences in the division rate during log phase
were among strains only (p= 0.002). Salinity only
affected the division rate of Kb1-2 (Chaetoceros sp.,
p= < 0.0001) but did not affect Kb1-5 and Kb1-3. Also,
salinity did not affect thedivision rate during log phase
of growth in C. neogradile, T chui, or Ti. lutea. Among
the Indonesian microalgae tested, Kb1-5 showed the
highest division rate during log phase, similar to T
chui and C. neogracile. Kb1-2 and Kb1-3 strains had
lower division rates similar to Ti. lutea (Fig. 3).

List of strains isolated in 2013; location, date of isolation, and size range

Strain number Tentative species hame

Isolation location

Date of isolation Size (Um)

Kb2-6
Kb1-2
Kb1-3
Kb1-5

Melosira cf. moniliformis
Chaetoceros sp.
Unidentified
Unidentified

Wanggu River Estuary

Wanggu River Estuary
Wanggu River Estuary

June
August
August
August

10.6-26.9

45-11.8

1.2-10.0
1.9-5.8

Kendari Bay
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Figure 1.  Scanning electron micrographs of microalgal isolates in this study. Kb2-6 (a) identified as the
chain-forming Melosira cf. moniliformis, and Kb1-2 (b) a Chaetoceros sp.

a b

Figure 2.  Photomicrographs of Indonesian microalgae strains denoted as Kb1-3
(@) and Kb1-5 (b) at 40x magnification using alight microscopy. Scale
bar is 50 um.
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Figure 3. Division rate (k, doubling.day™) of cultured microalgae at different salinities, 20,
25, 30, and 35 gL', during logarithmic phase of growth. Log phase was at time
intervals of 0 to 3 days for Kb1-2, Kb1-5 at all salinities tested, Kb1-3 at 25 gL' and
C. neogracileat 20, 25 and 30 gL".
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The differences among microalgal strains
(p= < .0001) as well as salinity (p= < .0001) and the
interaction between strain and salinity (p= < .0001)
affected the yields of cultured microalgae. Of the In-
donesian strains, higher final biomass was observed
at 35 gL'in Kb1-3, whereas the yields at other salini-
ties were not significantly different from each other.
Conversely, in Kb1-2 and Kb1-3, higher yield was ob-
tained in both at lower (20 gL")and at higher (30 and
35 gL-1) salinities. Kb1-2 cultured at 25 gL-'produced
the lowest yield whereas yield of Kb1-3 at the same
salinity was similar to that of 20 and 30 gL". The final
yields of C. neogracileand T. chui were not affected by
salinity, unlike Ti. lutea. The final yield of Ti. lutea was
significantly higher at 25, 30 and 35 gL' than at 20
gL". Regardless of salinity, two strains, Kb1-3 and
Kb1-5, showed the highest yields among all the
microalgae tested, whereas the yield of Kb1-2 was
similar to that of Ti. lutea and C. neogracile. T chui
had the lowest yield but statistically similar to
C. neogracile (Table 2).

Both dry weight (DW) and ash free dry weight
(AFDW) of all studied microalgae strains were not
affected by the salinity levels or the interaction
between salinity and strains but by differences among
strains themselves (p= < .0001). DW and AFDW of
the Indonesian microalgal strains were similar at all
culture salinities except for Kb1-2. Higher DW and
AFDW of Kb1-2 were observed at 20, 30 and 35 gL
than at 25 gL'. Salinity affected DW and AFDW of
C. neogracile and Ti. lutea but not T chui. At higher
salinity of 35 and 30 gL', the DWs and AFDWs of
C. neogracileand Ti. Luteawere higher (Table 3). Among
the microalgal strains, the DWs of all three microalgal
strains were similar to Ti. lutea and C. neogracile.
Moreover, DW of T chui was the highest compared
to that of the rest of the strains (Table 3).

(Wa Iba)

Salinity or age of culture within salinity alone and
the interaction of salinity and age of culture did not
have a significant effect on the increase in cell den-
sity over time in all microalgal strains cultured.
However, strain (p= < .0001), age of culture within
strain (p= 0.003), and the interaction of culture age
and strain (p= < .0001) did have a significant effect
on cell density. The highest cell densities were ob-
served in Kb1-3 cultures on day 15 and Kb1-5 on day
8 at 25 gL',with cell density of 65.9 and 42.4
cellsmL10®, respectively. Most strains began to en-
ter the stationary phase after day 10 except for
Kb1-2 and Kb1-5 that reached stationary phase at day
8. Microalgal growth generally started to show asig-
nificant increase on day 3 after inoculation except
for T chui and Ti. lutea that still experienced a lag
phase. A significant growth continued up to day 8
for all microalgal strains and C. neogracile except
Kb1-5 at 20 and 30 gL-1 that showed a decreasing
growth after day 6. T chui and Ti. Lutea continued to
have a significant growth up to day 9 and 10, respec-
tively (Fig. 4).

Indonesian microalgae showed similar growth
rates during the logarithmic phase across all tested
salinities, suggesting that they are euryhaline spe-
cies, although they produced different final biomasses.
This is consistent with their natural habitat being an
estuary that might be suitable for shrimp hatchery
conditions. Diatom species, such as C. neogracileand
Chaetoceros sp. used in this study, tended to produce
smaller cell sizes over time. Different classes of
microalgae are known to undergo different cell divi-
sion mechanisms, either reducing or increasing cell
sizeduring their lifecycles. Indiatoms, if rapid asexual
reproduction occurs, there will consequently be a
reduction in average population cell size over time
because of the reproductive mechanism in which one

Table 2. Yield of cultured microalgae (mean + SE) x 10° cells.mL" during stationary
phase at different salinities from 8 points at 13 and 15 days of culture. Values
in arow with the same superscripts are not significantly different (p> 0.05)

Yield (mean + SE) at different salinity (psu)

Strain
20

p-value

25 30 35

2.3+ 0.22
3.7+ 0.1°
3.3+ (.32
1.0+ 0.042
0.4+ 0.012
1.1+ 0.01°

Kb1-2 (Chaetoceros sp.)
Kb1-3

Kb1-5

C. neogracile

T. chui

Ti. lutea

0.6+ 0.03°
4.4+ 0.1°
1.6+ 0.1°
1.0+ 0.052
0.3+ 0.02°
1.5+ 0.02®

< .0001
< .0001
0.02
0.27
05
0.02

1.7+ 0.1°
6.5+ 0.12
25+0.1%®
1.2+ 0.052
0.7+ 0.03?
1.6+ 0.042

1.8+ 0.2%
3.8+ 0.1°
24+ 0.4%®
1.0+ 0.042
0.6+ 0.012
1.3+ 0.03%
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Table 3. Dry weight (DW) and ash free dry weight (AFDW) in after 15 days of culture of
Indonesian microalgal strains, C. neogracile, T. chui, and Ti. lutea at different salini-
ties, expressed as ug.mL". All values are mean + SE from 4 replicates. Valuesin a
row with the same superscripts are not significantly different (p> 0.05)

Final Weight at different salinity (psu)
Strain . p-value
weight 20 25 30 35
DW 175+ 6® 107+ 25° 227+ 36® 283+ 512 0.02
Kb1-2 (Chaetoceros sp.)
AFDW 135+ 9% 85+ 11° 184+ 23% 204+ 33% 0.008
Kb1-3 DW 20+ 62 46+ 9% 31+ 10 29+ 8  0.19
AFDW 32+ 5% 48+ 8 37+ 7% 40+11® 056
KD 1.5 DW 72+ 16 35+ 14® 83+ 24® 27+ 7% 008
AFDW 2+ 8 32+ 162 3+ 62 18+ 52 0.15
. DW 40+ 5° 21+ 10° 42+ 10° 151+ 3% <0.0001
C. neogracile
AFDW 49+ 5° 29+ 7° 56+ 6° 97+ 5% <0.0001
T chui DW 640+ 3112 414 + 264® 757 + 3632 147+ 322 044
. ul
AFDW 521 + 3822 289+ 1182 179+ 422 144+ 20® 0.56
. DW 35+ 15° 21+ 9° 209+ 7% 131+ 19° <0.0001
Ti. lutea
AFDW 42+ 8 29+ 5° 64+ 6° 141+ 20% <0.0001

of the new daughter cells is always smaller than the
parent cell (Round, 1990; Lee, 2008). Fagellateswith-
out silica cell walls such as T chui and
Prymnesiophyceae such as Ti. lutea used in this study
tend to produce similar or larger cell sizes under fa-
vorable environmental conditions (Danquah et al.,
2009).

The salinity level used in the study was not a
limiting factor for the growth of the microalgal strains
evaluated. The growth is most likely limited by other
environmental factors such as light intensity, tem-
perature, or culture nutrients, which were not
addressed in this study, and genetic traits of each
strain as suggested by Hu et al. (1998), Lee & Kim
(2002), and Wood et al. (2005). The differences in
cell density, DW, and AFDW may be caused by cell
size, cell density at inoculation, and harvest time, as
well as other culture conditions such as light inten-
sity and temperature (Hu & al., 1998; Rchmond, 2004).
Rchmond (2004) stated that the output rate or yield
of a microalgal culture, using Qirulina as a model,
changed over time and became lower as the growth
rate decreased during the stationary phase of the
culture cycle. In this study, Kb1-5 with the smallest
cell size of all strains, yet with higher inoculated cell
numbers, showed the highest cell numbers over the
culture period, but with considerably lower dry
weight and ash-free dry weight at the end of the ex-

periment. Conversely, T chui, with itslarger cell sizes
and lower inoculation numbers, exhibited the lowest
cell numbers on all days of culture, but consistently
exhibited higher dry weights across all salinities
tested.

The growth of the Indonesian microalgal strains
washigher thanthat of T luteaathough T /uteashowed
asimilar growth to Chaetocerossp. Chaetocerossp. and
Kb1-3 did not enter stationary phase at day 15 of
culture, except for Kb1-3 at 25 gL". This growth pat-
tern was different from that of found by Miller et al.
(2014) where the late stationary phase occurred at
day 12 in cultured Chaetoceros calcitrans. Finally, the
maximum cell density of T /utea during the station-
ary phase reported here was almost three timeslower
than that of reported by Huerlimann et al. (2010), but
similar to that of reported by Renaud et al. (1999) and
almost six times lower than that of reported by
Fidalgo et al. (1998). The variation in the final cell
density may be attributable to the different cell den-
sities at inoculation as well as culture conditions,
such as light intensity, culture medium, temperature,
and aeration (Fidalgo et al., 1998; Borowitzka, 2013;
Gorgonio et al., 2013). Further studies are needed to
determine whether the cell of Indonesian microalgae
strains stopped dividing because of nutrient or light
limitation.
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Although a prolonged culture up to late stati-
onary phase may compromise the harvested bio-
mass as shown with Kb1-2 and Kb1-5 strains, some
research has shown that this practice increases the
nutritional value of microalgae particularly total lipid
and fatty acid content (Patil et al., 2007; Schwenk et
al., 2014; Nalder et al., 2015). In order to be viably
used as live food in aquaculture, it is imperative to
keep both the microalgae cell density and nutrition

variables at optimal levels; therefore, the harvest for
feeding purposes might best be conducted during the
late logarithmic phase (at day 6 or 7 of culture). Our
study on nutritional content of these newly isolated
microalgal strains (Iba, 2016) showed that the total
lipid contents after 15 days of culture or during sta-
tionary phase ranged from 4.4-25 %DW which is well
above the lipid requirement for shrimp in hatchery
(Nufiez et al., 2002). Furthermore, the ability to sur-
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vive under a wide range of salinity and nutrient-
deficient condition isan important trait of microalgae
in aquaculture. In the face of a changing climate,
increasing variability in weather conditions may alter
the freshwater supply and thus salinity levels in estu-
aries (Taylor et al., 2012; Bliot et al., 2014; Schwenk e
al., 2014). Therefore, culturing euryhaline microalgae
species accustomed to salinity fluctuations is one of
promising solutions to continue producing high qua-
lity seafood products reliably over time.

CONCLUSION

The growth and final yield of the Indonesian
microalgal strains were not affected by the different
salinity level and comparable to the reference strains
T lutea, C. neogracile, and T. chui. Three of the four
microalgal strains have size, salinity tolerance, and
growth characteristics suitable as live feed in marine
fish hatcheries. These findings are in line with the
initiative to utilize local microalgae for aquaculture
purposes to reduce production cost, promote sus-
tainable and environmentally friendly aquaculture prac-
tices in the region and in Indonesia in general.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge Mike Ratek
at the Engineering Lab URI for assistance with the
scanning electron microscopy of the cultured algae.
This research was supported by a Doctoral Scholar-
ship from the Fulbright-Directorate General of Higher
Education (DIKTI), Republic of Indonesia Scholarship
and the School of Environment and Life Sciences
(CELS) University of Rhode Island, Kingston, Rhode
Island.

REFERENCES

Andersen, RA. & Kawachi, M. (2005). Traditional
microalgae isolation techniques. In: Algal cul-
turing techniques (ed. by RA. Andersen), p. 83-100.
Hsevier Academic Press and Phycological Society
of America.Massachusetts, USA.

Arney, B, Liu, W,, Forster, I.P, McKinle, RC., & Pearce,
C.M. (2015). Feasibility of dietary substitution of
live microalgae with spray-dried Schizochytrium sp.
or Qirulinain the hatchery culture of juveniles of
the Pacific geoduck clam (Panopeagenerosa). Aqua-
culture 444, 117-133.

Becker, W. (2004) Microalgae for aquaculture: the
nutritional value of microalgae for aquaculture.
In: Handbook of microalgal culture: biotechnology and
applied phycology. (ed. by A. Rchmond), p. 380-
391. Blackwell Publishing Ltd. lowa. USA.

Indonesian Aquaculture burnal, 13 (2), 2018, 71-81

Borowitzka, M.A. (2013). High-value products from
microalgae-their development and commercializa-
tion. wburnal of Applied Phycology, 25, 743-756.

Brown, M.R. (2002). Nutritional value of microalgae
for aquaculture. In: Avances en NutriciénAcuicola VI.
(eds.by L.E. Cruz-Suarez, D.Ricque-Marie, M.
Tapia-Salazar, M.G.Gaxiola-Cortés,N. Smoes).
Memoriasdel VI Simposium Internacional de
NutriciénAcuicola.3 al 6 de Septiembre del 2002.
Cancun, Quintana Roo, México.

Cai, T, Park, SY, & Li, Y. (2013). Nutrient recovery
from wastewater streams by microalgae: status
and prospects. Renewable and Sustainable Energy
Review;19, 360-369.

Danquah, M.K., Gadman, B., Moheimani, N., & Forde,
GM. (2009). Microalgal growth characteristics and
subsequent influence on dewatering efficiency.
Chemical Engineering Jburnal,151, 73-78.

Hliott, d, Deryng, D., Mlller, d, Frieler, K., Konzmann,
M., Gerten, D., Glotter, M., & Wisser, D. (2014).
Constraints and potentials of future irrigation
water availability agricultural production under
climatechange. Proceeding of the National Academic
of Sciences United States of America, 111, 3239-3244.

Fidalgo, JP, Cid, A., Torres, E., Sukenik, A., &
Herrero, C. (1998). Effects of nitrogen source and
growth phase onproximate biochemical compo-
sition, lipid classes and fatty acid profile of the
marine microalga Isochrysis galbana. Aquaculture,
166, 105-116.

Gallardo, PP, Pedroza-lslas, R, Garcia-Galano, T.,
Pascual, T., Posal, C., Sanchez, A., & Gaxiola, G.
(2002). Replacement of live food with
microbound diet in feeding Litopaneus setiferus
(Burkenroad) larvae. Aquaculture Research, 33,
681-691.

Gorgbnio, C.M.da S, Aranda, D.A.G,, & Couri, S.
(2013). Morphological and chemical aspects of
Chlorella pyrenoidosa, Dunaliella tertiolecta, Isochrysis
galbana and Tetraselmis gracilis microalgae. Natu-
ral Science, 5, 783-791.

Gui, Y,, Zamora, L., Dunphy, Bd, & Kkffs, AG (2015).
Evaluation of the formulated diet My Spat for
feeding hatchery-reared spat of the green-lipped
mussel, Perna canaliculus (Gmelin, 1791). Aqua-
culture Research, 62, 1-6.

Guillard, RRL. & Hargraves, PE (1993). Sichochrysis
immobilis is a diatom, not a chrysophyte.
Phycologia, 32, 234-236.

Huerlimann, R, de Nys, R, & Heimann, K. (2010).
Growth, Lipid Content, Productivity, and Fatty
Acid Composition of Tropical Microalgae for Scale-

Copyright @ 2018, Indonesian Aquaculture burnal, p-ISSN 0215-0883; e-ISSN 2502-6577 79



Growth characteristics of newly isolated Indonesian microalgae

Up Production. Biotechnology and Bioengineering,
107,245-257.

Hu, Q., Zarmi, Y., & Richmond, A. (1998). Combined
effects of light intensity, light path, and culture
density on output rate of Spirulina platensis
(Cyanobacteria). European Jburnal of Phycoogy, 33,
165-171.

Iba, W., Bahtiar, Emiyarti, & Mustafa, A. (2009). Iden-
tification of species biodiversity in Kendari Bay.
Research Report to the Development and Planning
Agency of Kendari. Municipal. South East Sulawesi
Indonesia.

Iba, W.,, Rice, M.A., & Wikfors, GH. (2014). Microalgae
in eastern pacific white shrimp, Litopenaeus
vannamei (Boone 1931) hatcheries: a review on
roles and culture environments. Asian Fisheries
Science burnal, 27, 212-233.

Iba, W. (2016). The potential of Indonesian microalgae
to support shrimp aquaculture. Dissertation.
University of Rhode Island. USA, 176 pp.

Kent, M., Browdy, C.G., & Leffler, JW. (2011). Con-
sumption and digestion of suspended microbes
by juvenile Pacific white shrimp Litopenaeus
vannamei. Aquaculture, 319, 363-368.

Lee, JB. & Kim, BY. (2002). Growth characteristics
of five microalgal species isolated from Jju
Island and four microalgal stock strains in
hatchery. Algag17,117-125.

Lee, RE (2008). Phycology. Cambridge University
Press. New York, 547 pp.

Ma, Z. & Qin, JG. (2012). Replacement of fresh algae
with commercial formulas to enrich rotifers in
larval rearing of yellowtail kingfish Seriola lalandi
(Valenciennes, 1833). Aquaculture Research, 46,
112,

Martinez-Fernandez, E., Acosta-Salmén, H., &
Southgate, PC. (2006). The nutritional value of
seven species of tropical microalgae for black-lip
pearl oyster (Pinctada margaritifera, L.) larvae.
Aquaculture, 257, 491-503.

Martinez-Fernandez, E & Southgate, PC. (2007). Use
of tropical microalgae as food for larvae of the
black-lip pearl oyster Pinctada margaritifera. Aqua-
culture, 263, 220-226.

Miller, M.M., Quek, SW., Saehler, K., Nalder, T., &
Packer, M.A. (2014). Changes in oil content, lipid
class and fatty acid composition of the microalga
Chaetoceros calcitransover different phases of batch
culture. Aquaculture Research, 45, 1634-1647.

Nalder, T.D., Miller, M.R, & Packer, M.A. (2015).
Changes in lipid class content and composition
of Isochrysis sp. (T-Iso) grown in batch culture.
Aquaculture International, 23, 1293-1312.

(Wa Iba)

Nufiez, M., Lodeiros, C., de Donato, M., & Graziani,
C. (2002). BEvaluation of microalgae diets for
Litopenaeus vannamei larvae using a simple proto-
col. Aquaculture International, 10, 177-187.

Patil, V,, Kaéllqvist, T., Olsen, E, Vogt, G.,, & Gislerad,
H.R. (2007). Fatty acid composition of 12
microalgae for possible use in aquaculture feed.
Aquaculture International,15, 1-9.

Richmond, A. (2004). Biological principles of mass
cultivation. In: Handbook of microalgal culture: bio-
technology and applied phycology (ed. by A. Rich-
mond), p. 125-177. Blackwell Publishing Ltd, lowa.

Rohani-Ghadikolaei, K., Ng, WK., Abdulalian, E, Naser,
A., & Yusuf, A. (2012). The effect of seaweed ex-
tracts, as a supplement or alternative culture me-
dium, on the growth rate and biochemical com-
position of the microalga, /sochrysis galbana (Park
1949). Aquaculture Research, 43, 1487-1498.

Round, EE, Crawford, RM., & Mann, D.G. (1990).
The Diatoms: biology and morphology of the genera.
Cambridge University Press, Cambridge, 744 pp.

Sahrir, W.I., Aslan, LOM., Bolu, RO.L,, Gooley, G.,
Ingram, B.l., & De Slva, SS. (2014). Recent trends
in mariculture in SE Sulawesi, Indonesia: Ge-
neral considerations. Aquaculture Asia. Volume
XIX'No. 1 January-March 2014.

Sanchez, D.R, be, M.E, Delbert, Glll., & Addison,
L.L. (2014). Dietary effect of fish oil and soybean
lecithin ongrowth and survival of juvenile
Litopenaeus vannamei in the presence or absence
of phytoplankton in anindoor system. Aquaculture
Research, 45, 1367-1379.

Schwenk, D., Seppéla, J., Spilling, K., Virkki, A,
Tamminen, T., Oksman-Caldentey, KM., & Rischer,
H. (2014). Lipid content in 19 brackish and ma-
rine microalgae: influence of growth phase, sali-
nity and temperature. Aquatic Ecology, 47,
415-424.

Southgate, PC., Beer, A.C., & Ngaluafe, P (2016).
Hatchery culture of the winged pear| oyster, Pteria
penguin, without living micro-algae. Short
communication. Aquaculture, 451, 121-124.

Taylor, RG,, Scanlon, B., Déll, P, Rodell, M., van Beek,
R, Wada, Y, Longuevergne, L., & Treidel, H. (2012).
Ground water and climate change. Nature Climate
Change, 1744, 1-8.

Valderrama, D. & Anderson, JL. (2012). Shrimp pro-
duction review In: Global aquaculture advocate
magazine, p. 8-9. January/February 2012 edition.

Wells, M.L. Potin, P, Craigie, JS., Raven, A.,
Merchant, S.S., Helliwell, K.A., Smith, A.G.,,
Camire, M.E., & Brawley, SH. (2017). Algae as
nutritional and functional food sources: revi-

Copyright @ 2018, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577




siting our understanding. Jburnal of Applied Phy-
cology, 29, 949-982.

Wikfors, GH. & Ohno, M. (2001). Impact of algal re-
search in aquaculture. Gburnal of Phycology, 37,
968-974.

Indonesian Aquaculture burnal, 13 (2), 2018, 71-81

Wood, A.M., Everroad, A.C., & Wingard, L.M. (2005).
Measuring growth ratesin microalgal cultures. In:
Algal culturing techniques. (ed. by R.A. Andersen),
p. 269-286. Hsevier Academic Press and Phyco-
logical Society of America, Massachusetts, USA.

Copyright @ 2018, Indonesian Aquaculture burnal, p-1SSN 0215-0883; e-ISSN 2502-6577 81



