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The present study investigated the ability of probionts to enrich freshwater zooplankton, Moina micrura based on population density, population 
growth rate and mean body size increment. 

 Different concentrations of probionts were introduced to one-day-old female Moina in filter-sterilized freshwater pond water. Addition to 
probiont, Chlorella sp. was added in culture media as a food source. 

 Population density, population growth rates and increase in mean body size of Moina were observed and recorded to evaluate the ability of 
4 -1probiont to enrich Moina. All four probionts were able to enrich Moina in treatment PC 1 (10  CFU ml ) and PC 2 ( ) at a better rate compared to 

the control  group (no 
probiont). Also, the specific 
population growth rate (µ) 
and mean body size of Moina 
in treatment PC 1 and PC 2 
were significantly higher than 

8in treatment PC 3 (10  CFU 
-1ml ) and control for all 

probionts. 

 All probionts 
were able to enrich Moina 
and increased their growth at 
lower concentrations (PC 1 
and PC 2). Supplementation 
of probiont at high concent-
ration was unnecessary.  
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The potential probionts were centrifuged and washed. 
The concentrationof probionts were determined 

using a spectrophotometer

Previously isolated potential probionts
were grown on TSA before being

inoculated in TSB 

Population growth was monitored daily for 
12 days by counting the number of Moina Micrura 

andbody size was measured at day 4

Chlorella sp. was added as feed once
in every two days

The potential probionts were transferred into 
Falcon tubes containing ten one-day old
Monia micrura at desired concentration
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Introduction

The availability of a suitable larval rearing diet is important 
for the propagation of many aquatic species because it plays a 
vital role in the growth, survival, and disease resistance at early 
stages (Sontakke et al., 2019). Most newly-hatched fish and 
shrimp depend on live feeds as an important basic diet. Live feeds 
are regarded as ‘living capsules of nutrition’ for a wide range of 
aquatic animals. They are rich in proteins, lipids, carbohydrates, 
vitamins, minerals, amino acids, fatty acids, and carotenoids 
(Simhachalam et al., 2015). Apart from nutritional profiles that 
meet larval fish requirements, some zooplankton also contains 
high levels of digestive enzymes and can stimulate larval appetite 
(Zheng et al., 2018). Besides, live feeds are always available to 
fish larvae since they can swim in the water column, which is likely 
to stimulate the feeding response of larvae (Mondal et al., 2018). 
While formulated feed tends to accumulate on the surface of 
water or sink quickly to the bottom are less accessible to the 
larvae. Zooplankton such as cladocerans, brine shrimps, 
copepods, and tubifix are among the most accepted live feeds 
worldwide that play a vital role in the cultivation of fishes and 
crustaceans. Jones et al. (1993) suggested that the cultivation 
and management of live feed for aquatic production is costly and 
unpredictable. Only a limited number of studies have 
demonstrated the success of replacement or reduction of live 
feed in aquaculture (Cahu and Zambonino-Infante, 2001; Curnow 
et al., 2006). However, with recent knowledge and technologies, 
several research papers are available on the improvements in live 
feeds culture techniques (Alajmi et al., 2014; Kline and Laidley, 
2015). Also, many studies have reported a higher growth rate, 
survival, and disease resistance of larvae fed with live food than 
those fed with formulated diets (Sáez-Royuela et al., 2007; 
Yanes-Roca et al., 2018; Sontakke et al., 2019). 

Fuller (1989) defined probiotics as ‘a live microbial feed 
supplement which beneficially affects the host animal by 
improving its intestinal microbial balance’. Probiotics were 
redefined as ‘live microorganisms which when administered in 
adequate amount confer health benefits on the host’ (FAO/WHO, 
2002). Ideally, probiotics should have beneficial effect and should 
not cause any harm to the host. Some of the important criteria of 
probiotic candidates include, to be non-pathogenic (Gunasekara 
et al., 2010), having no drug-resistant gene (Sapkota et al., 2007), 
able to tolerate a wide range of pH (Sylvain et al., 2016), able to 
adhere on gut epithelial mucosal surface (Panigrahi and Azad, 
2007), possess antagonistic or inhibition ability (Hütt et al., 2006), 
producing extracellular enzyme (Bairagi et al., 2004), and 
indigenous in nature (Boutin et al., 2013). Probiotic candidates 
are often evaluated for safety and pathogenicity (Cao et al., 2012; 
Vijayan et al., 2006; Irianto and Austin, 2003; Chythanya et al., 
2002). Also, Ryu et al. (2012) reported that commercial seafood 
can act as a reservoir for multi-drug resistant bacteria which then 
allow the spread of resistance genes. Therefore, the search for 

alternatives to antibiotic therapy in aquaculture practices has 
turned attention towards the use of probiotics during early larval 
stages. Administration of probiotics via live feed as a vector is a 
promising approach. Probiotics remain viable and proliferate in 
the live feed, can be transported into the hosts effectively (Hai, 
2015). Several reports are available on the positive effects of 
direct addition of probiotic in the culture water (Wang and Gu, 
2010; Aguilar-Marcias et al., 2010; Granados-Amores et al., 
2012; Boutin et al., 2013; Chumpol et al., 2017), however, studies 
on probiotic-enriched live feed, particularly freshwater 
Cladoceran Moina spp. are limited. Direct administration of 
probiotics to the culture water is risky as they are easily exposed 
to microbiological contamination (Sun et al., 2013), and short 
survival period of probiotics in seawater is a major drawback 
(Gatesoupe, 2008).

Moina spp. in general can tolerate a wide range of water 
quality in terms of dissolved oxygen, ammonia, biochemical 
oxygen demand, salinity and pH level, respectively (Kibria et al., 
1995; Dawidowicz and Ozimek, 2013; He et al., 2001; Sarma et 
al., 2003). Moina spp. can grow and reproduce at temperature 
above its thermal optimum (Chen et al., 2015; He et al., 2001). 
These criteria are ideal for commercial fish farmers in both 
temperate and polar climate regions. Besides, Cladocerans feed 
on varied food size (Kamrunnahar et al., 2019; Pagano, 2008). 
The nutritional value of Moina spp. varies considerably 
depending on their age and type of food they receive (Gogoi et al., 
2016; Kibria et al., 1995; Watanabe et al., 1983). The nutritional 
value of cladocerans can be manipulated by pre-feeding them in 
an enrichment method. In the past, fatty acids and vitamins have 
been incorporated in Moina spp. (Das et al., 2007; Singh et al., 
2019). Even though commercial-scale quantities of Moina are not 
readily obtained from natural habitats, they can easily be farmed 
for use as live feed (Loh et al., 2013). 

In this study, an attempt was made to enrich freshwater 
cladoceran M. micrura with four probiotics previously isolated 
from microalgae. The ability of probiotics to enrich Moina was 
screened and analysed in terms of population density, specific 
growth rate, and mean body size increment of individual Moina. 

Materials and Methods

Bacterial isolates : Four probionts, Lysinibacillus fusiformis 
strain A1 (Accession number: MK764897) and Bacillus sp. strain 
A2) (Accession number: MK764895) previously isolated from 
Amphora sp., Lysinibacillus fusiformis strain Cl3 (Accession 
number: MK764896) from Chlorella sp., and Bacillus 
pocheonensis strain S2 (Accession number: MK764898) isolated 
from Spirulina sp. were used in this study. The in-vitro antagonism 
tests showed that the probiont candidates were able to inhibit the 
growth of common freshwater pathogens, S. algalactiae and A. 
hydrophila. All probionts were cultured in Tryptic Soy Broth (TSB, 
Difco, USA) prepared in distilled water with agitation 150 rpm for 

N.A. Samat et al.: Enrichment of Moina micrura with probiotics
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24 hr. Probionts were harvested by centrifugation at 5000 rpm for 
10 min, the supernatant was discarded and the pellets were 
suspended in sterile distilled water with vortex for application. 
Bacterial concentration was measured at using a UV-1800 
spectrophotometer. 

Moina culture : Moina micrura was obtained from Marine 
Biotechnology Laboratory (MARSLAB), Institute of Bioscience, 
Universiti Putra Malaysia (UPM), Malaysia and then cultured in 
sterile-filtered pond water (0.45 µm fiberglass filters). M. micrura 
stock culture was sustained in a 2 l plastic aquarium and fed with 

5 -1Chlorella sp. (5x10  cells ml ) for two weeks before the 
experiment. Chlorella sp. that was fed to M. micrura was cultured 
in Bold’s Basal Medium (Natrah et al., 2007), at laboratory 
conditions in a 2 l flask with mild continuous aeration for 7 days. 
The concentration of food Chlorella sp. provided was determined 
using a 0.1 mm improved Neubauer chamber using a light 
microscope according to the following formula:

-6 where, 4x10 is the volume of sample over the small square area 
3 3which equivalent to 0.004 mm  (0.2 x 0.2 x 0.1) expressed in cm  

(ml).

Experimental design : Ten one-day-old M. micrura were 
transferred to a 50 ml Falcon tube containing 30 ml of filter-
sterilized freshwater pond water (0.45 µm fiberglass filters). They 
were fed once every two days with Chlorella sp. at a concentration 

5 -1of 5x10 cells ml . M. micrura were supplemented with different 
4 -1concentrations of probiont L. fusiformis strain A1 5x10 CFU ml  

6 -1(probiotic concentration 1-PC 1), 5x10 CFU ml  (probiotic 
8 -1 concentration 2-PC 2), 5x10 CFU ml (probiotic concentration 3-

PC 3) and no probiotic supply (control) on the first day of 
treatment. Each treatment was in triplicate. Cultures were 
maintained for 12 days with exposure to 12 hr light and 12 hr dark. 
The culture water was changed every two days. The population 
density of M. micrura was determined by examining the sample in 
a Petri dish. The number of M. micrura were recorded daily 
throughout the experiment. The population growth rate was 
calculated according to the following (Khatoon et al., 2013; 
Azuraidi et al., 2013):

where, X  = number of M. micrura at the start of selected time 1

interval; X = number of M. micrura at the final (highest) of selected 2 

time interval; t  - t = selected time (in days). The experimental 1 2 

design was applied using other probionts; Bacillus sp. strain A2, 
L. fusiformis strain Cl3, and B. pocheonensis strain S2.

Statistical analyses : The data collected were analysed using 
one-way ANOVA. A significant difference in growth rates and body 

sizes among treatments was determined using Tukey’s multiple 
comparisons test at a 0.05 level of probability. Statistical analyses 
were carried out using GraphPad Prism 8.0.2. 

Results and Discussion

Moina spp. are highly nutritious and suitable for many fish 
and shrimp larvae (He et al., 2001; Martin et al., 2006; Peña-
Aguado et al., 2009). Ovie and Ovie (2006) reported the 
approximate value of moisture and protein contents of freshwater 
zooplankton M. micrura were 89% and 52.4%, respectively. They 
also reported that the main essential amino acids in M. micrura 
were lysine, arginine, leucine and histidine, which were found to 
be much higher compared to the minimum essential amino acid 
requirements for finfish for both omnivorous and carnivorous fry. 
The same study also revealed that the concentrations of amino 
acid of Moina were higher than those obtained for Artemia by 
Watanabe et al. (1983) except for alanine, glycine, proline, serine 
and tyrosine. Accordingly, the enrichment with probiotic may 
further boost the nutritional value of Moina by providing essential 
compounds such as vitamins or inorganic nutrients lacking in the 
diets (Douillet, 2000). This study demonstrated that all four 
probionts tested were able to enrich Moina and contribute to its 
growth (Fig. 1, 2).

Population density is an appropriate method to evaluate 
the effect of a diet on zooplankton growth (Peña-Aguado et al., 
2005). A review by Sarma et al. (2005) reported that as small-
sized cladoceran genera including Moina are often exposed to 
invertebrate predators, they produce large offspring to ensure 
survivability. While cladoceran genera of larger size tend to 
maximize early growth to a larger size. Furthermore, Moina 
population density and growth can be further amplified through 
increasing fecundity and decreasing the reproductive period by 
manipulating the quality and quantity of the feed (Hakima et al., 
2013; Mubarak et al., 2017; Damayanti et al., 2020). By taking 
advantage of primitive feeding characteristics, it is possible to 
manipulate the nutritional value of Moina through enrichment 
process (Das et al., 2007; Singh et al., 2019). Additionally, the 
abundance of microbial species and diversity of microflora in live 
feed can be enhanced with probiotics (Jiang et al., 2018).

During the present study, it was observed that probionts 
were able to enrich Moina at a better rate than the control group 
(without probiont). The highest peak population density of Moina 
enriched with all probionts (A1, A2, S2, and Cl3) at PC 1 and PC 2 

th thwere observed on 10  day as compared to the control group, on 9  
day (Fig. 1). On the following day, the population density started to 
decline probably due to highly crowded condition (Fig. 1). 
Morales-Ventura et al. (2012) observed a peak population density 
of Moina between 18 to 21 days, which was much longer as 
compared to the present study. These were probably due to the 
difference in the setup and duration of the experiment. As 
compared to 50 ml culture medium in 100 ml jars used by Morales-

Density, d (          ) = 
cells
ml

Average number of cells per square
-64 x 10

Population growth rate, µ = 
In(X ) - In(X )2 1

t  - t2 1
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Ventura et al. (2012), only 30 ml culture medium in 50 ml tubes 
were used in this study, therefore, results showed earlier 
overcrowding and decline in population density. In addition, the 
present study was conducted for 12 days only. This study also 
showed that the increase in the population density of Moina does 
not depend on the concentrations of probiont supplied. The 
highest population growth was recorded in cultures with the 
lowest probiont concentration (PC 1), except probiont Cl3 which 
logged the highest population growth in cultures with PC 2 (Fig. 1). 
Additionally, in the cultures of treatment PC 1, PC 2, and control 

thgroup, Moina reproduced as early on 4  day of culture, whilst in 
thtreatment PC 3, the first neonates were produced between 5  and 

th9  day (Fig. 1). It is interesting to note that treatment PC 3 with the 
highest concentration of probionts supplied recorded a much 
lower neonates’ production than the control group (no probiont 

supplied) (Fig. 1). It was noted that very high probiotic 
supplementation is unnecessary for Moina enrichment. Makridis 
et al. (2000) suggested that the concentrations of bacteria 
bioencapsulated in live food should be minimal. Also, individuals 
in treatment PC 1 and PC 2 were observed to be very active as 
compared to those supplemented with the highest probiont 
concentration (PC 3) and control. However, it was observed that 
the absence of probiont could still allow the population growth of 
Moina when the source of food (Chlorella sp.) was present but at a 
lower rate compared to treatment PC 1 and PC 2 (Fig. 1). Feeding 
Moina with high concentration of microalgae can enhance the 
growth and reduce maturity age of Moina (Azuraidi et al., 2013; 
Hakima et al., 2013; Morales-Ventura et al., 2012). Additionally, 
dissolved organic carbon (DOC) compounds released by 
microalgae could influence zooplankton biomass (Bowszys et al., 

Fig. 1 : Changes in mean population densities of M. micrura in cultures with different probiont concentrations (probiont concentration 1 (PC 1) = 
-1 6 -1 8 -1CFU ml ; probiont concentration 2 (PC 2) = 5x10  CFU ml ; probiont concentration 3 (PC 3) = 5x10  CFU ml ; and control = no probiont supply). (A) 

Probiont  A1, (B) Probiont  A2, (C) Probiont S2 and (D) Probiont Cl3. Verticals bars indicate mean of three replicates ± SE.
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2020). Size and age at first reproduction may have a great 
ecological impact on a population (Sarma et al., 2005). 
Cladoceran population may delay their maturity to conserve 
limited resources in unfavourable conditions (Sarma et al., 2005). 
Generally, tropical cladoceran M. micrura may reach maturity as 
early as day three (Azuraidi et al., 2013), which contributes to the 
higher reproductive output. Theoretically, early production of 
offspring at larger sizes is accompanied by the production of 
larger broods, which will eventually generate a larger number of 
neonates per reproductive female. Additionally, the fact that M. 
micrura was able to reproduce parthenogenetically at lower 
densities in the control group is probably due to the presence of 
other bacteria following filter-sterilization of freshwater pond water 
using 0.45 µm fiberglass filters. Wang et al. (2007) were able to 
enrich freshwater bacterial communities that pass through 0.45 
µm pore size filters at significantly increased percentages. 

Generally, Moina can feed efficiently on a wide range of 
phytoplankton particles sizes, from unicellular picoplankton 
Chlorella sp. (2 to 4 µm spherical diameter) to large Coelastrum 
reticulatum coenobia (20 to 40 µm spherical diameter) (Pagano, 
2008). However, Gliwicz and Siedlar (1980) suggested that 
cladocerans are relatively selective due to their ability to adjust 
their gape as an adaptation mechanism to avoid larger and 
elongated particles which are difficult to handle. 

In the present study, three probionts A1, A2 and S2 
produced the best mean specific population growth rates in 
treatment PC 1, while probiont Cl3 produced the best population 
growth in treatment PC 2 (Fig. 2). Moina enriched with probiont S2 
in treatment PC 1 recorded the highest mean specific growth at 
0.288. There were significant increase in specific population 
growth rates of probiont-enriched Moina in treatment PC 1 and 

Fig. 2 : Mean specific growth rate (µ) of M. micrura supplemented with different concentrations of probiont bacteria (probiont concentration 1 (PC 1) = 
4 -1 6 -1 8 -15x10  CFU ml ; probiont concentration 2 (PC 2) = 5x10  CFU ml ; probiont concentration 3 (PC 3) = 5x10  CFU ml ; and control = no probiont supply). (A) 

Probiont A1, (B) Probiont A2, (C) Probiont S2, and (D) Probiont Cl3. Values are mean ± SD. Bars with different letters are significantly different at p < 0.05. 
Verticals bars indicate mean of three replicates +S.E.
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PC 2 than in the control group for probiont A1, S2 and Cl3 (Fig. 2). 
In the case of probiont A2, treatment PC 1 was significantly higher 
than in the control group, while treatment PC 2 was lower (Fig. 2). 
Treatment PC 3 of all four probionts produced the lowest 
population growth rates among all treatments, in which probiont 
A1, A2 and S2 recorded significantly lower growth rates than in 
the control group (Fig. 2). Siddque et al. (2004) suggested that 
lower number of neonate production may be due to the growth of 
thread algae. In this study, the culture water was changed every 
two days however, it is recommended to change the culture water 
every day to maximize the capacity of neonates production. 
Interestingly, the reproduction and maturation of Moina were 
induced in the absence of aeration system. It was suggested that 
small bubbles produced by aerator can get trapped under the 
carapace, causing Moina to float to the surface and eventually kill 
them. A significant increase was observed in the mean size of 
individual Moina supplemented with all probiont A1, A2, S2 and 
Cl3 in the treatment PC 1 and PC 2 than in the control group (Fig. 

3). However, the mean size of all four probiont-enriched Moina in 
treatment PC 3 were not significantly different than control group 
(Fig. 3). It is clear that high levels of probiont supplementation can 
hinder the size increment and reproduction of Moina. In most 
cladocerans, offspring production or fecundity increases as body 
size increases when food is readily available (Sarma et al., 2005). 
Generally, the size of tropical cladoceran genera are smaller and 
factors such as quality and quantity of food are beneficial to these 
smaller-sized cladocerans (Sarma et al., 2005).

However, a study on the effects of probiont addition to the 
composition and diversity of microflora in Moina is limited. It is 
important to ensure that probionts can serve its utmost purpose. 
Addition of probionts, either directly to the water in rearing tanks 
or via live food influence the species-composition of microflora 
(Makridis et al., 2000). Jiang et al. (2018) observed the increase in 
the abundance of microbial species and diversity of microflora in 
rotifers and Artemia sinica when probiont was added. Despite the 
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changes in the structure of microbiota, the abundance of probiont 
was relatively low in live feed (Jiang et al., 2019). This effect may 
indicate that probiont can inhibit the growth and reproduction of 
some bacteria through competition for nutrients and adhesion site 
while improving the growth and reproduction of other microflora 
via mutual benefits. Talpur et al. (2012) observed effective grazing 
of three lactic acid bacteria (LAB) by rotifers and A. franciscana 
when incubated at for 2 hrs. Additionally, a mixture of three lactic 
acid bacteria effectively suppressed Vibrio in treated Artemia. 
However, few studies have been carried out on the addition of 
probionts to freshwater Moina. Therefore, future studies can be 
conducted to observe the composition and diversity of microflora 
in M. micrura when probiont A1, A2, S2 and Cl3 are added.

The present study suggested that all four probionts were 
able to enrich Moina at low concentrations (PC 1 and PC 2). M. 
micrura was smaller in size and less active when no probiont was 
added. In addition, there was no significant difference in size 
between M. micrura supplemented with probiont at high 
concentration (PC 3) and cultures without probiont (control). In 
spite of significant difference in the size of M. micrura, between 
low (PC 1 and PC 2) and high (PC 3) probiont supplementation, 
M. micrura still reproduced but at a significantly lower (p < 0.05) 
rate. This study suggests that the concentration of probiont for M. 
micrura enrichment should be kept minimal. 

Acknowledgments

This research was supported by Ministry of Higher 
Education Malaysia (MOHE) through SATREPS JICA-JST 
COSMOS 2016-2021 and Higher Institution Centre of Excellence 
(HiCoE) grant of Innovative Vaccine and Therapeutics against 
Fish Diseases, Vote No: 6369100. 

References

Aguilar-Marcias, O.L., J.J. Ojeda-Ramirez, A.I. Campa-Cordova and P. 
E. Saucedo: Evaluation of natural and commercial probiotics for 
improving growth and survival of the pearl oyster, Pinctada 
mazatlanica, during late hatchery and early field culturing. J. World 
Aquacult. Soc., 41, 447-454 (2010).

Alajmi, F., C. Zeng and D.R. Jerry: Improvement in the reproductive 
productivity of the tropical calanoid copepod Parvocalanus 
crassirostris through selective breeding. Aquaculture, 420-421, 
18-23 (2014).

Azuraidi, O.M., F.M. Yusoff, M.N. Shamsudin, R.A. Raha, V.R. Alekseev 
and H.M. Matias-Peralta: Effect of food density on male 
appearance and ephippia production in a tropical cladoceran, 
Moina micrura Kurz, 1874. Aquaculture, 412-413, 131-135 (2013).

Bairagi, A., K.S. Ghosh, S.K. Sen and A.K. Ray: Evaluation of the nutritive 
value of Leucaena leucocephala leaf meal, inoculated with fish 
intestinal bacteria Bacillus subtilis and Bacillus circulans in 
formulated diets for rohu, Labeo rohita (Hamilton) fingerlings. 
Aquac. Res., 35, 436-446 (2004).

Boutin, S., C. Audet and N. Derome: Probiotic treatment by indigenous 
bacteria decreases mortality without disturbing the natural 

microbiota of Salvelinus fontinalis. Can. J. Microbiol., 59, 662-670 
(2013).

Bowszys, M., B. Jaworska, M. Kruk and A. Gozd́ziejewska: Zooplankton 
response to organic carbon content in a shallow lake covered by 
macrophytes. Chem. Ecol., 36, 309-326 (2020).

Cahu, C. and J.Z. Infante: Substitution of live food by formulated diets in 
marine fish larvae. Aquaculture, 200, 161-180 (2001).

Cao, H.P., S. He, H.C. Wang, S.L. Hou, L.Q. Lu and X.L. Yang: 
Bdellovibrios potantial biocontrol bacteria against pathogenic 
Aeromonas hydrophila. Vet. Microbiol., 154, 413-418 (2012).

Chen, R., N. Xu, F. Zhao, Y. Wu, Y. Huang and Z. Yang: Temperature-
dependent effect of food size on the reproductive performances of 
the small-sized cladoceran Moina micrura. Biochem. Syst. Ecol., 
59, 297-301 (2015).

Chumpol, S., D. Kantachote, P. Rattanachuay, V. Vuddhakul, T. Nitoda 
and H. Kanzaki: In-vitro and in-vivo selection of probiotic purple 
nonsulphur bacteria with an ability to inhibit shrimp pathogens: 
Acute hepatopancreatic necrosis disease causing Vibrio 
parahaemolyticus and other vibrios. Aquac. Res., 48, 3182-3197 
(2017).

Chythanya, R., I. Karunasagar and I. Karunasagar: Inhibition of shrimp 
pathogenic vibrios by a marine Pseudomonas I-2 strain. 
Aquaculture, 208, 1-10 (2002).

Curnow, J., J. King, J. Bosmans and S. Kolkovski: The effect of reduced 
Artemia and rotifer use facilitated by a new microdiet in the rearing 
of barramundi Lates calcarifer (Bloch) larvae. Aquaculture, 257, 
204-213 (2006).

Damayanti, K. Y., A. S. Mubarak and L. A. Sari: The effect of giving 
fermented rice bran suspension on fecundity and production of 
Moina macrocopa offspring per parent. IOP Conf. Ser.: Earth 
Environ. Sci., 441, 012156 (2020).

Das, S.K., V.K. Tiwari, G. Venkateshwarlu, A.K. Reddy, J. Parhi, P. 
Sharma and J.K. Chettri: Growth, survival and fatty acid 
composition of Macrobrachium rosenbergii (de Man, 1879) post 
larvae fed HUFA-enriched Moina micrura. Aquaculture, 269, 464-
475 (2007).

Dawidowicz, P. and T. Ozimek: Cladoceran Moina branchiata can not 
reduce suspended solids in Lemna System macrophyte 
wastewater treatment plant. Ecol. Eng., 58, 262-265 (2013).

Douillet, P. A.: Bacterial additives that consistently enhance rotifer growth 
under synxenic culture conditions: 1. Evaluation of commercial 
products and pure isolates. Aquaculture, 182, 249-260 (2000).

FAO/WHO: Guidelines for the Evaluation of Probiotics in Food. London 
Ontario (2002).

Fuller, R.: Probiotics in man and animals. J. Appl. Bacteriol., 66, 365-378 
(1989).

Gatesoupe, F.J.: Updating the importance of lactic acid bacteria in fish 
farming: Natural occurrence and probiotic treatments. J. Mol. 
Microb. Biotech., 14, 107-114 (2008).

Gliwicz, M.Z. and E. Siedlar: Food size limitation and algae interfering 
with food collection in Daphnia. Arch. Hydrobiol., 88, 155-177 
(1980).

Gogoi, B., V. Safi and D.N. Das: The cladoceran as live feed in fish 
culture: A brief review. Res. J. Anim. Vet. Fish Sci., 4, 7-12 (2016).

Granados-Amores, A., A.I. Campa-Cordova, R. Araya, J.M. Mazon-
Suastegui and P.E. Saucedo: Growth, survival and enzyme activity 
of lions-paw scallop (Nodipecten subnodosus) spat treated with 
probiotics at the hatchery. Aquac. Res., 43, 1335-1343 (2012).

Gunasekara, R.A., A. Rekecki, K. Baruah, P. Bossier and W. Van den 



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, Special issue, September 2020¨

1222 N.A. Samat et al.: Enrichment of Moina micrura with probiotics

Broeck: Evaluation of probiotic effect of Aeromonas hydrophila on 
the development of the digestive tract of germ-free Artemia 
franciscana nauplii. J. Exp. Mar. Biol. Ecol., 393, 78-82 (2010).

Hai, N. V.: The use of probiotics in aquaculture. J. Appl. Microbiol., 119, 
917-935 (2015).

Hakima, B., C. Khémissa and S. Boudjéma: Effects of food limitation on 
the life history of Simocephalus expinosus Koch (Cladocera: 
Daphniidae). Egypt Acad. J. Biolog. Sci., 5, 25-31 (2013).

He, Z.H., J.G. Qin, Y. Wang, H. Jiang and Z. Wen: Biology of Moina 
mongolica (Moinidae, Cladocera) and perspective as live food for 
marine fish larvae: Review. Hydrobiologia, 457, 25-37 (2001).

Hütt, P., J. Shchepetova, K. Lõivukene, T. Kullisaar and M. Mikelsaar: 
Antagonistic activity of probiotic lactobacilli and bifidobacteria 
against entero and uropathogens. J. Appl. Microbiol., 100, 1324-
1332 (2006).

Irianto, A. and B. Austin: Use of dead probiotic cells to control 
furunculosis in rainbow trout, Oncorhynchus mykiss (Walbaum). J. 
FIsh. Dis., 26, 59-62 (2003).

Jiang, Y., Y. Wang, Z. Zhang, M. Liao, B. Li, X. Rong and G. Chen: 
Responses of microbial community structure in turbot 
(Scophthalmus maximus) larval intestine to the regulation of 
probiotic introduced through live feed. PLoS ONE, 14, e0216590 
(2019).

Jiang, Y., Z. Zhang, Y. Wang, Y. Jing, M. Liao, X. Rong, B. Li, G. Chen and 
H. Zhang: Effects of probiotic on microfl oral structure of live feed 
used in larval breeding of turbot Scophthalmus maximus. J. 
Oceanol. Limnol., 36, 1002-1012 (2018).

Jones, D.A., M.S. Kamarudin and L. Le Vay: The potential for 
replacement of live feeds in larval culture. J. World Aquacult. Soc., 
24, 199-210 (1993).

Kamrunnahar, K., A. Md, U.C. Jeong and S.J. Kang: Mass culture of 
Moina macrocopa using organic waste and its feeding effects on 
the performance of Pagrus major larvae. Egypt. J. Aquat. Res., 45, 
75-80 (2019).

Kibria, G., D. Nugegoda, R. Fairclough, P. Lam and A. Bradly: Utilization 
of wastewater-grown zooplankton: Nutritional quality of 
zooplankton and performance of silver perch Bidyanus bidyanus 
(Mitchell 1838) (Teraponidae) fed on wastewater-grown 
zooplankton. Aquacult. Nutr., 5, 221-227 (1995).

Khatoon, H., S. Banerjee, F. M. Yusoff and M. Shariff: Use of microalgal-
enriched Diaphanosoma celebensis Stingelin, 1900 for rearing 
Litopenaeus vannamei (Boone, 1931) postlarvae. Aquac. Nutr., 
19, 163-171 (2013).

Kline, M.D. and C.W. Laidley: Development of intensive copepod culture 
technology for Parvocalanus crassirostris: Optimizing adult 
density. Aquaculture, 435, 128-136 (2015).

Loh, J.Y., H.K. Ong, Y.S. Hii, T.J. Smith, M.M. Lock and G. Khoo: Impact 
of potential food sources on the life table of the cladoceran, Moina 
macrocopa. Isr. J. Aquac., 65, 1-8 (2013).

Makridis, P., A.J. Fjellheim, J. Skjermo and O. Vadstein: Colonization of 
the gut in first feeding turbot by bacterial strains added to the water 
or bioencapsulated in rotifers. Aquacult. Int., 8, 367-380 (2000).

Martin, L., A. Arenal, J. Fajardo, E. Pimental, L. Hidalgo, M. Pacheco, C. 
Garcia and D. Santiesteban: Complete and partial replacement of 
Artemia nauplii by Moina micrura during early postlarval culture of 
white shrimp (Litopenaeus schmitti). Aquacult. Nutr., 13, 89-96 
(2006). 

Mondal, A., A. Aziz, M. Joysowal and B. Chirwatkar: Importance of live 
feed in aquaculture. Inter. J. Sci. Res. Develop., 6, 656-658 (2018).

Morales-Ventura, J., S. Nandini, S.S. Sarma and M.E. Castellanos-Páez: 
Demography of zooplankton (Anuraeopsis fissa, Brachionus 
rubens and Moina macrocopa) fed Chlorella vulgaris and 
Scenedesmus acutus cultured on different media. Rev. Biol. Trop., 
60, 955-965 (2012).

Mubarak, A.S., D. Jusadi, M.Z. Junior and M.A. Suprayudi: The 
population growth and nutritional status of Moina macrocopa fed 
with rice bran and cassava bran suspensions. J. Akuak. Indon., 16, 
223-233 (2017).

Natrah , F.M., F.M. Yusoff, M. Shariff, F. Abas and N.S. Mariana: 
Screening of Malaysian indigenous microalgae for antioxidant 
properties and nutritional value. J. Appl. Phycol., 19, 711-718 
(2007).

Ovie, S.I. and S.O. Ovie: Moisture, protein, and amino acid contents of 
three freshwater zooplankton used as feed for aquaculture larvae 
and post larvae. Isr. J. Aquac., 58, 29-33 (2006).

Pagano, M.: Feeding of tropical cladocerans (Moina micrura, 
Diaphanosoma excisum) and rotifer (Brachionus calyciflorus) on 
natural phytoplankton: Effect of phytoplankton size–structure. J. 
Plank. Res., 30, 401-414 (2008).

Panigrahi, A. and I.S. Azad: Microbial intervention for better fish health in 
aquaculture: The Indian scenario. Fish Physiol. Biochem., 33, 429-
440 (2007).

Peña-Aguado, F., S. Nandini and S.S.S. Sarma: Differences in 
population growth of rotifers and cladocerans raised on algal diets 
supplemented with yeast. Limnologica, 35, 298-303 (2005).

Peña-Aguado, F., S. Nandini and S.S.S. Sarma: Functional response of 
Ameca splendens (Family Goodeidae) fed cladocerans during the 
early larval stage. Aquac. Res., 40, 1594-1604 (2009).

Ryu, S.H., S.G. Park, S.M. Choi, Y.O. Hwang, H.J. Ham, S.U. Kim, Y.K. 
Lee, M.S. Kim, G.Y. Park, K.S. Kim and Y.Z. Chae: Antimicrobial 
resistance and resistance genes in Escherichia coli strains 
isolated from commercial fish and seafood. Int. J. Food Microbiol., 
152, 14-18 (2012).

Sáez-Royuela, M., J.M. Carral, J.D. Celada, J.R. Pérez and A. González: 
Live feed as supplement from the onset of external feeding of 
juvenile signal crayfish (Pacifastacus leniusculus Dana. 
Astacidae) under controlled conditions. Aquaculture, 269, 321-
327 (2007).

Sapkota, A.R., L.Y. Lefferts, S. McKenzie and P. Walker: What do we feed 
to food-production animals? A review of animal feed ingredients 
and their potential impacts on human health. Environ. Hlth. Persp., 
115, 663-670 (2007).

Sarma, S.S., E.M. Ramírez and S. Nandini: Effect of ammonia toxicity on 
the competition among three species of cladocerans (Crustacea: 
Cladocera). Ecotox. Environ. Saf., 55, 227-235 (2003).

Sarma, S.S., S. Nandini and R.D. Gulati: Life history strategies of 
cladocerans: Comparisons of tropical and temperate taxa. 
Hydrobiol., 542, 315-333 (2005).

Siddque, N., M.M. Hassan, M.G. Khan, M.A. Hasanat and M.Z. Rahman: 
Laboratory culture of Moina with organic and inorganic fertilizers. 
Bangladesh J. Fish Res., 8, 87-93 (2004).

Simhachalam, G., N.S. Kumar and K.G. Rao: Biochemical composition 
and nutritional value of Streptocephalus simplex as live feed in 
ornamental fish culture. J. Basic. Appl. Zool., 72, 66-72 (2015).

Singh, K., S. Munilkumar, N.P. Sahu, A. Das and G.A. Devi: Feeding 
HUFA and vitamin C-enriched Moina micrura enhances growth 
and survival of Anabas testudineus (Bloch, 1792) larvae. 
Aquaculture, 500, 378-384 (2019).



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, Special issue, September 2020¨

1223N.A. Samat et al.: Enrichment of Moina micrura with probiotics

brackishwater isolate of Pseudomonas PS-102, a potential 
antagonistic bacterium against pathogenic vibrios in penaeid and 
non-penaeid rearing systems. Aquaculture, 251, 192-200 (2006).

Wang, Y.B. and Q. Gu: Effect of probiotics on white shrimp (Penaeus 
vannamei) growth performance, and immune response. Mar. Biol. 
Res., 6, 327-332 (2010).

Wang, Y., F. Hammes, N. Boon and T. Egli: Quantification of the 
filterability of freshwater bacteria through 0.45, 0.22, and 0.1 μm 
pore size filters and shape-dependent enrichment of filterable 
bacterial communities. Environ. Sci. Technol., 41, 7080-7086 
(2007).

Watanabe, T., C. Kitajima and S. Fujita: Nutritional values of live 
organisms used in Japan for mass propagation of fish: A review. 
Aquaculture, 34, 115-143 (1983).

Yanes-Roca, C., J. Mráz, A.B. Torrijos, A.S. Holzer, A. Imentai and T. 
Policar: Introduction of rotifers (Brachionus plicatilis) during 
pikeperch first feeding. Aquaculture, 497, 260-268 (2018).

Zheng, C., L. Shao, A. Ricketts and J. Moorhead: The importance of 
copepods as live feed for larval rearing of the green mandarin fish 
Synchiropus splendidus. Aquaculture, 491, 65-71 (2018).

Sontakke, R., C.S. Chaturvedi, N. Saharan, V.K. Tiwari, H. Haridas and 
A.M. Babitha Rani: Growth response, digestive enzyme activity 
and stress enzyme status in early stages of an endangered fish, 
Notopterus chitala (Hamilton, 1822) fed with live feed and 
formulated diet. Aquaculture, 510, 182-190 (2019).

Sun, Y.Z., H.L. Yang, K.P. Huang, D.J. Ye and C.X. Zhang: Application of 
autochthonous Bacillus bioencapsulated in copepod to grouper 
Epinephelus coioides larvae. Aquaculture, 392-395, 44-50 
(2013).

Sylvain, F., B. Cheaib, M. Llewellyn, T.G. Correia, D.B. Fagundes, A.L. 
Val and N. Derome: pH drop impacts differentially skin and gut 
microbiota of the Amazonian fish tambaqui (Colossoma 
macropomum). Sci. Rep-UK, 6, 32032 (2016).

Talpur, A.D., A.J. Memon, M.I. Khan, M. Ikhwanuddin, M.M. Danish 
Daniel and A.B. Abol-Munaf: Effects of Lactobacillus probiotics on 
the enhancement of larval survival of Portunus pelagicus 
(Linnaeus, 175) fed via bioencapsulated in live feed. World J. Fish 
Mar. Sci., 4, 42-49 (2012).

Vijayan, K.K., I.S. Bright Singh, N.S. Jayaprakash, S.V. Alavandi, S. 
Somnath Pai, R. Preetha, J.J.S. Rajan and T.C. Santiago: A 


	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111

