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Abstract

One of the most important aims of aquatic hatcheries is availability to mass produce of Daphnia magna as a live
food with high nutritional value in the shortest time. In the present study, D. magna fed with two freshwater green
algae species, Chlorella sp. and Scenedesmus obliquus, enriched with different dosages of a mixture B group
vitamins (0, 0.5, 1 and 2 ml.I"") were compared at two stages (at the beginning of the culture and at the end of
logarithmic growth phase). The results showed that increases in the B group vitamin levels in both enriched algae
performed, increasing the fecundity and population growth rate in D. magna at the two compared stages, but
significantly only with the control group (P<0.05). The highest fecundity and population growth rate obtained in
D. magna was when they were fed algae enriched with 2 mll ™', but not significantly with 0.5 and 1 ml.l

1(P>0.05).
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1. Introduction

Since Daphnia magna is one of the zooplanktons
considered as live food for fish fry at the beginning
of their active feeding, their mass production with
high nutritional value is one the necessities of many
hatcheries. Daphnia culture began 150 years ago,
specially for feeding Sturgeon’s larvae.

The color of Daphnia and their continuous
crinkle-shape movements attract fish fry and
because of their chemical compositions, they have a
significant importance in aquaculture [1]. Daphnia
is not a suitable prey organism for marine
organisms, because it is a freshwater species and
has a low content of essential fatty acids,
particularly (n-3) HUFA [1-3].

Live prey organisms, Daphnia, rotifers and
Artemia, can be bio-encapsulated with a variety of
enrichment diets to manipulate their nutritional
content including ®3 highly unsaturated fatty acids
(FA) and vitamins. Nevertheless, the enrichment
techniques are not applicable for all nutrients and
prey organisms [4].
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Goulden et al. (1982) [5] proved that mass culture
of Daphnia in the autotrophic system that equally
contains green algae species will not be able to
preserve Daphnia generation without adding an
adequate mixture of B group vitamins. In this
research, D. magna was fed on two freshwater
green algae species, Chlorella sp. and Scenedesmus
obliquus, enriched with a suitable mixture of B
group vitamins to enhance its reproduction.

2. Material and methods

2.1. Mass culture of green algae Chlorella sp. and
Scenedesmus obliquus

The Zander (Z-8+N) medium was used for
massive and pure culture of the two green algae
species. This is a general medium for culturing
green and blue-green algae. Since green algae do
not have heterocyst for nitrification, nitrogen
should be added to their medium; therefore their
medium is in the form of Z-8+N. The culture of
algae was carried out in the laboratory by adding
pure algal stock of the respected species to the
medium. The amount of inseminated algae in
samples was 1mg dried substance per liter of the
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new medium. The algae were cultured at optimal
conditions using mono white color (3500+£350 Lux)
with a photoperiod of 14L:10D, at 25+2°C and
pH=7.5-8 [6]. The algae were collected from the
medium after 96 hours when they were at the end of
their logarithmic growth phase and when they were
at their maximum nutritional value and density.
Three subsamples were used to determine the dry
weight of the cultured algae while the rest were
determined and before using as food for Daphnia.
Algae at a density of 10 mg.I"" of Daphnia culture
medium was used for the reproduction experiment

[6].
2.2. Preparation of enriching solution

An appropriate vitamin mixture containing all B
group vitamins applied for mono culture of D.
magna with green algae (Table 1) was offered by
Goulden et al. (1982) [5]. This vitamin mixture can
be preserved in a dark, cold and dry place (-18 °C)
maximum for three weeks before use [5].

2.3. Mass culture of Daphnia magna

Two 20L aquariums (without any replication)
containing 15L dichloride tap water, one for
Chlorella sp. and the other for Scenedesmus
obliquus culture as live food were used for mass
production of D. magna. The density of Daphnia
considered in the culture was 50 individuals per
liter. Those cultured in 12:12h L:D light condition
and 22+1 °C were daily fed with green algae
Chlorella sp. and Scenedesmus obliquus [7].

2.4. Enrichment of algae with B group vitamins

Zero, 0.5, 1 and 2 ml of prepared B vitamin
mixture were added to each liter of the algae culture
medium at two periodic stages, one at the beginning

of the culture (BCH) and one at the end of
logarithmic growth phase (ELGP) for each
treatment group separately, each with three
replicates.

2.5. Sudy of Daphnia Fecundity and PGR

Forty eight 1.5L beakers containing 1L of
dichloride tap water were used to investigate
fecundity and population growth rate of D. magna.
Ten individual D. magna, 3 days old were released
in each of the containers. The water of the beakers
was replaced daily with freshwater by adding 10mg
enriched algae with different dosages during the
period of the experiment [8]. After the maturation
of D. magna, their neonates were isolated and
counted everyday [9]. Fecundity and PGRP of D.
magna were calculated based on the following
equations [9]:

F=Nn/Nm.T r=( Ln Nm- Ln Nn)/t
Where F=Fecundity of Daphnia and r= Population
growth rate of Daphnia, Nn= Number of neonates,
Nm=Number of maturated Daphnia=10, T= One
day and t= ten days

3. Statistical analysis

Shapiro wilk test was used for examining the
normality of data distribution. Because of the
normality of the data distribution, Parameteric test
was used for analyzing all of the measured factors.
Two-way analysis of variance (ANOVA) was used
for examining the existence of interactive effect by
which some of the factors were simultaneously
affected. In the analyses, the entire interactive
effects were over 0.05 (P>0.05), so some of the
factors were independently analysed and tested by
One-Way ANOVA. The (multi domain) Duncan
test was used for comparing the average of different
replicates of each treatment.

Table 1. Vitamin mixture for monospecific culture of Daphnia on Chlorella sp. and Scenedesmus obliquus [5]

Nutrient Concentration of stock solution (ng.1")
Biotin 5
Thiamine 100
Pyridoxine 100
Pyridoxamine 3
Calcium Panthothenate 250
B12 (as mannitol) 100
Nicotinic acid 50
Nicotinomide 50
Folic acid 20
Riboflavin 30
Inositol 90




159

1JST (2011) A2: 157-163

4. Results and discussion

According to the results (Fig.l) the average
fecundity of D. magna (that means the number of
newborns Daphnia per a mature Daphnia in one
day) fed with Chlorella sp. enriched with different
B group vitamins dosages at the BCH (0.5, 1 and 2
mlI") were respectively 1.557 + 0.071, 1.543 +
0.254 and 2.128 + 0.375 number of neonates (day ™'
), which showed an increase of 18%, 17% and 61%
in proportion to the control group (1.314+0.404
number of neonates (day )). The utmost average of
D. magna fecundity was obtained through being fed
with enriched Chlorella sp. with a dosage of 2ml.1",
but not significant differences with other dosages

treatments (P>0.05) except the control (P<0.05).
The average population growth rate of D. magna
fed Chlorella sp. enriched with different dosages at
the BCH (0.5, 1 and 2 mlLI") were respectively
0.209 + 0.003, 0.211 + 0.006 and 0.247 + 0.033
indiv./day (Fig.2) which showed an increase of 1%,
2%, 20% in proportion to the acquired amount from
witness treatment 0.205 + 0.024 indiv/day.
Although the highest average of D. magna PGR
was obtained in daphnia fed enriched algae with
dosages of 2 mll"', there are no significant
differences with other B group vitamins (0.5 and 1
ml. I'") (P>0.05) except the control group (P<0.05).
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Fig.1. Fecundity of Daphnia magna fed with Chlorella sp. enriched with different dosages of B group vitamins
mixture at BCH. Values are the mean + SD (n=3). Different letters show significant differences (P<0.05).
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Fig. 2. Population growth rate of Daphnia magna fed with Chlorella sp. enriched with different dosages of a mixture of B
group vitamins at BCH. Values are the mean + SD (n=3). Different letters show significant differences (P<0.05)
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Fig. 3. Fecundity of Daphnia magna fed with Chlorella sp. enriched at ELGP of alga with different dosages of B
group vitamins mixture. Values are the mean + SD (n=3). No differences were found between treatments.
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Figure 3 demonstrated that the average fecundity
of D. magna fed with Chlorella sp. enriched with
different vitamin B at the ELGP (0.5, 1 and 2 mLI™")
were 1.371 £ 0.354, 1.784 + 0.448 and 2.1 £+ 0.69
number of neonates (day ') respectively, which
expressed a 257, 627, 917. increasing proportion to
the control group 1.095 + 0.42 number of neonates
(day ™). The utmost average fecundity was obtained
in daphnia fed with enriched Chlorella sp. with 2
mll" vitamins B concentration, but there no
significant differences between the treatments
(P>0.05).

Figure 4 showed the average PGR of D. magna
fed with Chlorella sp. enriched with different B
group vitamins concentrations at the ELGP (0.5, 1
and 2 mLI") were 0.209 + 0.018, 0.223+ 0.015 and
0.268 + 0.085 indiv/day respectively, which
revealed a 3%, 10% and 33% increase compared to
the control group 0.201+0.049 indiv/day. Although
there are no differences between dosage treatments
(P>0.05) concerning the Daphnia fecundity, the
highest average was obtained in those fed Chlorella
sp. enrichment with 2ml.I" vitamins B.
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Fig. 4. Population growth rate of Daphnia magna fed with Chlorella sp. enriched at the end of logarithmic growth phase of
alga with different dosages of a mixture of B group vitamins. Values are the mean + SD (n=3).
There are not any differences between dosages treatments statistically.
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Fig. 5. Fecundity of Daphnia magna fed with Scenedesmus obliquus enriched with different dosages of a mixture of B group
vitamins at BCH. Values are the mean + SD (n=3). Different letters show significant differences (p<0.05).
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Fig. 6. Population growth rate of Daphnia magna fed with Scenedesmus obliquus enriched from the BCH with different
dosages of a mixture of B group vitamins. Values are the mean + SD (n=3).
Different letters show significant differences (p<0.05).
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Results (Fig.5) revealed that the average
fecundity of D. magna fed with S obliquus
enriched with different dosages of B group vitamins
at the BCH (0.5, 1 and 2 mlL1") were respectively
1.721 £+ 0.265, 1.969 + 0.539 and 2.233 + 0.175
number of neonates (day ') which showed an
increase of 36%, 56%, 77% in proportion to the
acquired amount from witness treatment 1.257 +
0.248 number of neonates (day ). The utmost
average of D. magna fecundity was obtained
through being fed with enriched algae with dosages
of 2 mLI", which has a significant difference only
with the control group (P<0.05).

The averages of PGR in Daphnia fed S. obliquus
enrichment with different dosages of B group
vitamins (0.5, 1 and 2 mlLI") were 0.226 + 0.011,
0.234 + 0.018 and 0.245 + 0.005 indiv/day
respectively (Fig. 6). This shows an increase of
117, 157, 207 compared to the witness vitamin
treatment 0.203 £ 0.015 indiv/day. Although the
utmost average of fecundity was obtained in D.
magna enriched with 2 mLI"' vitamin B mixture, it
has no differences with 0.5 and 1 mlLI" vitamin
dosages statistically (P>0.05). The PGR of the
control group was the least value to have significant
differences with others (P<0.05).

Figure 7 evidenced that the average fecundity of
D. magna fed with S obliquus enriched with
different dosages at the ELGP (0.5, 1 and 2 mlL1™)
were 2.029 £+ 0.311, 2.253 + 0.668 and 3.106 +
0.857 number of neonates (day ) respectively,
which showed an increase of 47%, 647, 83 ’in
proportion to the acquired amount from the control
group 1.373 + 0.534 number of neonates (day ™).
The utmost average of D. magna fecundity was
obtained through being fed with enriched algae
with dosages of 2 mL1", but there are no differences
between treatments (P>0.05).

Results (Fig.8) showed that the average
population growth rate of D. magna fed with S
obliquus enriched with different dosages at the
ELGP (0.5, 1 and 2 mLI") were respectively 0.227
+0.007, 0.231 + 0.022 and 0.248 + 0.013 indiv/day
which showed an increase of 15%, 17%, 26% in
proportion to the acquired amount from the control
group 0.196 = 0.015 indiv/day. There are no
differences  between  treatments  (P>0.05),
nonetheless, the utmost average of D. magna
fecundity was obtained through being fed with
enriched algae with dosages of 2ml.I"".

During recent decades, several techniques have
been used to increase the nutritional value of
Daphnia or their food resources.

Curichinz solution dosages (ml1-4)

Fig. 7. Fecundity of Daphnia magna fed with Scenedesmus obliquus enriched at the end of logarithmic
growth phase with different dosages of a mixture of B group vitamins. Values are the
mean + SD (n=3). No differences were found between groups
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Fig. 8. Population growth rate of Daphnia magna fed with Scenedesmus obliquus enriched at the ELGP
with different concentrations of a mixture of B group vitamins. Values are the mean + SD (n=3).
No differences were observed statistically between groups.
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Some of them are as follows: Enrichment of
green algae fed by Daphnia with vitamins B12 and
B1 [10]. Vitamins B12, B7 and Bl [11], an
appropriate mixture of B group vitamins [5].
Enrichment of cultured zooplankton with vitamins
A, E, C and highly unsaturetad fatty acids [4, 12
and 13], Lipid emulsions [12-16] and essential fatty
acids and vitamin C [17, 18]. Studies by Lwoff and
Dusi [19] discovered that some members of the
Chlorophyta require B group vitamins as growth
factors in their culture. Although vitamins have no
effective role in producing energy, they have such
an importance in metabolic reactions and the
natural growth of body cells that the lack of any of
them will cause serious disruptions in animals.
Since B group vitamins and their derivatives
function as coenzymes (CoA, StylCoA, NAD',
NADP™, FMN, FAD, B6P0O4, THF, COBAMID)
in the catalysis of metabolic reactions and because
animal cells are not able to synthesize these
coenzyme groups, they should be taken through
nutrients [20]. Although most of the B group
vitamins are synthesized by unicellular and herbal
cells in nature, the results of different researches
indicate that when the objective of mass culture of
an algae species is using them as live food in
aquaculture, their enrichment with vitamins and
other nutrients before being used is necessary.
Some of the B group vitamins such as vitamins
B12, B7, BI are essential for the growth of many
algae including green algae, and they should be
taken in from their culture environment. It has been
estimated that about 70 percent of all plankton
algae need vitamin B12 as a growth factor in their
culture [21]. The uptake of vitamin BI12 by
different strains of freshwater Chlorella (Chlorella
vulgaris) was measured by Maruyama et al. [22].
The results showed that various strains of Chlorella
are able to uptake B12 from their medium, but they
differ in their amount of uptake. Some of the
Chlorella strains are able to absorb more than 81
percent of the vitamin from the medium, without
any requirement for this amount of the vitamin. The
effect of algal food quality on the Daphnia
reproduction was studied in several cases [10, 5, 23,
24, 1, 25, 26 and 27]. D'Agostino and Provasoli
(1970) [10] concluded that D. magna fed with
green algae enriched with vitamins B1, B7 and B12
grow at least to 200 generations. The results of
Lewis [28], and Murphy [26] indicated that the
addition of vitamins to the medium in which the
algae food is grown with crustacean, may allow a
continuous culture of herbivorous crustacean which
are considered difficult to grow. Goulden et al. [5]
proved that mass culture of Daphnia in the
autotrophic system that equally includes two green
algae species will not be able to preserve Daphnia
generation without adding an adequate mixture of B

group vitamins. The influence of vitamin B12
deficiency on the reproduction of Daphnia plux was
also studied by Keating [29]. According to these
results, the fecundity of Daphnia increased with the
concentration of B12 in the media. The nutritional
effect of freshwater Chlorella (Chlorella vulgaris,
k-24) containing vitamin B12 in its cells on the
growth of marine Rotifer Brachionus plicatilis was
studied by Hirayama et al. [24]. According to this
research, freshwater Chlorella which is produced
by traditional culture cannot support rotifer growth
under bacteria-free conditions, therefore, rotifers
fed with C. wulgaris show very suppressed growth.
However, Chlorella enriched with vitamin B12 (by
adding the vitamin solution in to the suspension or
by culturing the Chlorella in a medium containing
vitamin B12) can support rotifer growth, because
the nutritional value of Chlorella following
enrichment is greatly improved and almost at the
same level as that of marine Chlorella. In this study
the highest rotifer yield was obtained from the
group cultured with Chlorella containing more
vitamin B12 in their cells [30, 31]. The effect of
vitamin B12 enriched Thraustochytrids on the
population growth of rotifers, was studied by
Hayashi et al. [23]. The feeding of B12 enriched
thraustochytrids to rotifers greatly improved the
population growth of rotifers, In that study, it was
found that B12 is taken up into thraustochytrids
cells, and that the addition of B12 to the medium
decrease the cellular contents of odd numbered
fatty acids [23]. It is necessary to mention that
Daphnia magna fed with vitamin-enriched algae
are less sensitive to a chronic copper stress than D.
magna fed a trout-granule diet, this conclusion is
based on the responses of cohorts as measured by
survival, mean brood size and the instantaneous
population growth rate [27]. In the present study it
was found that enrichment of green algae Chlorella
sp. & Scenedesmus obliquus with an appropriate
vitamin mixture which consists of all B group
vitamins, from the beginning of culture, can
increase Daphnia magna fecundity and population
growth rate, and feeding D. magna with algae
enriched with increased dosages of enriching
solution causes its fecundity to increase.
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