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The Effects of Using DHA-rich Supplements from Different
Sources in Microalgal Diets on the Nursery Culture of the

Juvenile Oyster, Crassostrea belcheri (Sowerby, 1871)
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ABSTRACT

Juvenile oysters, Crassostrea belcheri were nursed in a semi-closed recirculation system for
four weeks. Supplementation with DHA-rich Schizochytrium limacinum and tuna oil emulsion in
microalgal diets were tested in the nursery culture of juvenile oysters. The results reveal that using
DHA-rich supplements from both sources affected the growth performance of juvenile oysters.
Supplementation with 0.5% DHA from S. limacinum/g wet weight was found to cause
non-significant differences in absolute shell growth compared with 100% microalgal, while 1.0%
DHA from S. limacinum/g wet weight, 0.1% and 0.2% of tuna oil/water volume supplemented in
feed were decreased in absolute shell growth compared with a 100% microalgal diet and natural
sea water. Juvenile oysters fed on non-supplemented mixture microalgal diets were found to have
a higher daily yield than those fed on a diet using DHA-rich supplements from different sources
and in different ratios. At the end of the experiment, a lower survival rate was found for juvenile
oysters fed on a mixed microalgal diet supplemented with S. limacinum (1%) and tuna oil (0.2%)
than for oysters fed on 100% microalgal diets, 0.5% DHA from S. limacinum/g wet weight, 0.1%
of tuna oil/water volume and natural sea water. Using DHA-rich supplements from different

sources and in different ratios affected on the size fraction of juvenile oysters.

Key words: HUFAs, Schizochytrium limacinum, tuna oil, daily growth rate, Crassostrea belcheri

INTRODUCTION studies have been done on its biology and culture

Oyster culture in Thailand has been  over many years (Department of Fisheries, 1994).
practiced for several decades along the country,s The majority of spats for grow-out farms are
coasts. Crassostrea belcheri is one of the most collected from natural sources, but the amount

commercially important bivalves, and many  of oyster seed produced from those sources is
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limited and insufficient. Oyster seed production
from hatcheries has continued to develop and is
a subject of great interest in Thailand. A spat
larger than 0.5 cm is suitable for moving to a
nursing pond or the sea, having a high specific
growth rate and low mortality (Tanyaros and
Tarangkoon, 2014). Highly unsaturated fatty
acids (HUFAs), eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) have been
reported to be essential for optimal growth
of juvenile oysters (Langdon and Waldock,
1981; Knauer and Southgate, 1999). Generally,
the ability to synthesize EPA and DHA in
bivalves is limited (Waldock and Holland, 1984;
Soudant et al., 2000). Lipid emulsions offer a
practical solution to avoid HUFA-deficiency in
hatchery-reared molluscs since they have been
described as effective carriers for essential fatty
acids in bivalves such as juvenile Placopecten
magellanicus (Coutteau et al., 1996), Tapes
philippinarum and Crassostrea gigas spat (Caers
et al., 1998, 2000). Schizochytrium limacinum,
a heterotrophic marine microorganism, was
first discovered in a mangrove area of the Yap
Islands, Micronesia (Honda et al., 1998). It
has attracted recent attention as it is made up
of more than 50% in the dry cell weight; and
about 30% of the fatty acids in this strain are
DHA (Yokochi et al, 1998). Past study has
shown that S. limacinum can support a greater
growth rate for both T. semidecussata and C.
gigas at 40% and 80% replacement, respectively,
in comparison with the control group (Boeing,

2005). The present investigation aimed to assess

the use of DHA-rich supplements from S.
limacinum and tuna oil emulsion in the nursery

culture of the juvenile oyster, C. belcheri.

MATERIALS AND METHODS
Experimental oysters

The oyster spats C. belcheri used in this
experiment were produced from the hatchery at
the Marine Shellfish Breeding Research Unit,
Faculty of Science and Fisheries Technology,
Rajamangala University of Technology Srivijaya,
Trang campus, Trang, Thailand. Oyster spats
were graded by size to prevent possible growth
retardation, and had a mean (£SD) shell width
(dorso-ventral measurement) and shell length
(antero-posterior measurement) of 1.86+0.18 cm
and 1.7320.23 cm, respectively. The animals
were kept for two days in a semi-closed
recirculation system for acclimatization. The
water was totally renewed every day, and food
was added twice a day (morning and evening)
at a rate of 50 cells ul'1 of Chaetoceros calcitran

and Tetraselmis suecica.

Experimental design

A mixed microalgal diet consisting of
50/50% C. calcitrans and T. suecica was used
as feed during the experiment. The daily use
of microalgae concentrates of both species was
calculated by the method of Helm et al., (2004).
Six treatments were compared: (i) a 100% mixed
microalgal diet; (ii) a 100% mixed microalgal
diet supplemented with 0.5% DHA from S.
limacinum (35% DHA)/g wet weight;(iii) a 100%
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mixed microalgal diet supplemented with 1.0%
from S. limacinum /g wet weight; (iv) a 100%
mixed microalgal diet supplemented with 0.1%
tuna oil emulsion (A1 DHA SELCO®INVE,
HUFAs 200 mg/g dwt)/water volume; (v) a
100% mixed microalgal diet supplemented with
0.2% tuna oil emulsion /water volume; and (vi)
natural sea water. The experiment was set up
using a completely randomized design (CRD),

and each treatment was conducted in triplicate.

Experimental system and procedures

A semi-closed recirculation system was
designed for nursing hatchery-reared juvenile
oysters (See Figure 1). Four sets were used, each
consisting of a submersible pump, a rectangular

105 L (50 x 70 x 30 cm) fiber glass tank for

-

placement of the nursing units, a cylindrical
plastic 30 L container (60 cm diameter and 25
cm depth) for food storage, and three sets of
cylindrical PVC pipe (15.2 cm diameter x 12 cm
depth) used as nursing units. Each cylindrical
PVC pipe was drilled 10 cm from the bottom
for a 1.86 cm diameter overflow pipe. A screen
using 600 um mesh was fixed by a PVC clamp
to the bottom of each cylindrical PVC section.
The volume of water in each nursing unit was
1.82 L during system operation. Each nursing
unit had a capacity of 754 juvenile oysters, equal
to a stocking density of 4 juveniles per cm™
(Tanyaros et al., 2012). The water flow in each
nursing unit was controlled by an adjustable
valve at the overflow pipe to maintain a flow

rate of 4 L min™' (Tanyaros et al., 2012).

Nursing unit

Food storage tank Il Ilrl“'—

!
| I —

'lli' 'I

Submers:ible pump

Submersible pump

Screen
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Nursing unit

Overflow

l
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Food su;rage tank
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Figure 1 Diagram showing the experimental system: (A) side view and (B) top view.
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Sample collection and analysis

Every fifteen days during the experiment,
the oysters were removed from the plastic mesh
net for weighing. Twenty oysters from each
net were randomly selected for measurement of
shell width and length. Growth was expressed as
absolute growth rates for shell width and length
(AGRW, AGRL). The daily yield was calculated
using the method of Dégremont et al. (2007).

At the end of the experiment, all juvenile
oysters from each experimental unit were graded
using sieves with mesh sizes of 0.42 and 0.72 cm
in diameter, and then counted. The survival rates
and size fractions were calculated and expressed

as percentages.

Statistical analysis

Data from the experiments were analyzed
statistically to test for differences among sieving
groups using an analysis of variance (one-way
ANOVA) using SPSS 17.0 for Windows. If
significant effects were found, a further analysis
using Tukey,s test was used to determine the

pairwise comparison of their means.

RESULTS

The juvenile oysters were nursed in a
semi-closed recirculation system for four weeks.
There were significant differences (P< 0.05) in
their mean absolute shell width and lengthfor
the different treatments. Using a 0.5% DHA
supplement from S. limacinum/g wet weight
in feed showed non-significant differences in

absolute shell growth compared with a 100%

microalgal diet. Using a 1.0% DHA supplement
from S. limacinum/g wet weight, 0.1% and
0.2% tuna oil emulsion/water volume in feed
caused a decrease in absolute shell growth
compared with a 100% microalgal diet. On the
other hand, pumping sea water and directly to
feed juvenile oysters caused a non-significant
difference in absolute shell growth compared
with a 100% microalgal diet (Figures 2A and
B). Mean absolute shell widths were 0.30%0.06,
0.30+0.03, 0.18+0.03, 0.15+0.03, 0.13+0.02 and
0.2340.001 mm d' and mean absolute shell
lengths were 0.24+0.01, 0.23+£0.001, 0.20£0.01,
0.20£0.01, 0.16+0.01 and 0.20+0.03 mm d'for
a 100% mixture microalgal diet using 0.5% and
1.0% DHA supplements from S. limacinum and
ones supplemented with 0.1% and 0.2% tuna oil
emulsion and natural sea water, respectively.

Mean daily yield differed significantly
among the treatments over the study period
(P< 0.05). A 100% mixture of microalgae
without supplementation showed the highest
daily yield in comparison with of the use of
DHA-rich supplements from different sources
and ratios (Figure 3). Mean daily yields were
243.3£7.1,169.4+7.2, 121.8+£10.2, 101.2+£13.2,
55.949.1 and 116.1£10.4 %/day for a 100%
mixed microalgal diet and those using 0.5% and
1.0% DHA supplements from S. limacinum,
0.1% and 0.2% tuna oil emulsion and natural sea
water, respectively.

Differences among the mean percentages
for survival were found at the end of the

experiment (P< 0.05). Mean survival rates
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were 90.43+8.1, 85.3+8.1, 71.24£8.1, 73.8%16.1,
53.5+19.3and 63.9t4.3 % for 100% mixed
microalgal diets supplemented with 0.5% and
1.0% DHA from S. Iimacinum, and those using
0.1% and 0.2% supplements of tuna oil emulsion
and natural sea water, respectively (Figure 4).
Use of DHA-rich supplements from S.
limacinum and tuna oil emulsion at different

ratios in microalgae affected the growth of

juvenile oysters. The fraction of oysters retained
on a sieve 0.72 cm in diameter increased when
DHA-rich supplements from different sources
and ratios were used in comparison with a 100%
mixture of microalgae and natural sea water,
while the fraction of medium size (0.42-0.72
cm) was significantly lower than for those fed
on a 100% mixture of microalgae and natural

sea water. Use of a DHA-rich supplement from
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Figure 2 Mean (£SD) absolute shell width (A) and length (B) of hatchery-reared juvenile oysters

fed on microalgae with DHA-rich supplements from different sources and in different

ratios. Bars labelled with different letters are significantly different (P< 0.05). (* S.

Iimacinum (35% DHA)/g wet weight; ** tuna oil emulsion/water volume).
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S. Iimacinum led to a higher fraction of small
size juvenile oysters (<0.42 cm) than a diet of
a 100% mixture of microalgae and natural sea

water (Table 1).

DISCUSSION

Lipids in general, and specifically
n-3 highly unsaturated fatty acids (HUFAs),
have an essential role in bivalve mollusc
nutrition. Eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) have been reported
to be essential for optimal growth of Pacific oyster,
C. gigas oyster (Langdon and Waldock, 1981;
Knauer and Southgate, 1999), scallop juveniles
(Parrish et al., 1995). In our findings, use of the
DHA-rich supplements, S. limacinum and tuna
oil emulsion effected the growth performance
of juvenile C. becheri. Increasing the ratio of

S. limacinum effected the growth and survival

Table 1

rate in juvenile oysters.The opposite result was
found in the previous report by Boeing (2005).
He found that S. limacinum supports a greater
growth rate in both Tapes semidecussata and C.
gigas at 40% and 80% replacement, respectively.
Particle cells of S. limacinum used in this study
may be of an unsuitable size for feeding. Particle
size is known to be an important criterion for the
selection process, with juvenile oysters exhibiting
varying feeding rates for different sizes of food
particles (Langdon and Newell, 1996). Mature
cells of S. limacinum are globular and measure
10.0-14.0 pm in diameter and this is larger than
the Isochrysis galbana (6 Pm) or Chaetoceros
calcitrans (8 pm). It was observed that more S.
limacinum cells were ejected as pseudofeces
as the supplementation rate increased. High
pseudofeces production effects the scope for

growth, as has been reported in several bivalves,

Mean fraction of juvenile oysters in different size ranges fed on microalgae with

DHA-rich supplements from different sources and in different ratios after nursing for

four weeks. (* S. Iimacinum (35% DHA)/g wet weight; ** tuna oil emulsion/ water

volume). Data labelled with different letters (vertical only) are significantly different (p

<0.05).
Size fraction (%)
Treatments

>(0.72 cm 0.42-0.72 cm <0.42 cm
Microalgae 100% 28.9+2.6° 62.36.2° 8.7+3.6™
0.5 % DHA* 32.3+1.3% 46.141.9° 21.542.5°
1.0 % DHA* 30.6+3.7% 53.942.6™ 15.4+1.6°
0.1 % DHA** 37.142.8° 52.5+1.5 10.3+1.5°
0.2 % DHA** 44.842.3 50.2+4.9° 4.7+3.5°
Sea water 1.3+1.3¢ 88.9+6.2% 9.61+5.6%
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such as the cockle, Cerastoderma edule (Navarro
et al., 1992) and Mytilus galloprovincialis
(Albentosa et al., 2012). This is the main cause
effecting the growth of oysters in the present
study.

The non-supplemented mixture microalgal
diet showed better growth performance in
comparison with the diet supplementated with
tuna oil emulsion. The growth performance of
C. belcheri juvenile decreased with increasing
concentrations of tuna oil emulsion. High
pseudofeces production at high supplementation
ratesof tuna oil emulsion were observed during
the experiment. Tuna oil emulsion may effect the
filtration mechanism in oysters. Lipid spheres
might not have been available for the juveniles as
food particles because particles that are too large
for consumption or for suspension in seawater
were formed. In addition, ingestion and handling
of this unprofitable food may have caused the use
of excess of energy, leading to a lower growth
rate. A similar result was found by Hendriks et
al. (2003), who reported that supplementation
with lipid emulsions in C. gigas at the larval
stage was not effective. However, our findings
contradict the results of previous studies in which
lipid emulsions offered a practical solution to
avoiding HUFA-deficiencies in hatchery-reared
juvenile Placopecten magellanicus (Coutteau et
al., 1996), T. philippinarum and C. gigas (Caers
et al., 1998, 2000). The DHA-rich S. limacinum
and tuna oil emulsion used as a supplement to
a microalgal diet did not improve the growth

rate in juvenile C. belcheri, but finding a

suitable form and increasing their lipid reserves,
especially their triacylglycerol content, are

important factors for future investigation.
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