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Abstract

A 30-day study was conducted to evaluate the population growth of Moina micrura in biofloc systems using
different carbon sources: jaggery, rice bran, tapioca, and coconut oil cake. Coconut oilcake and rice bran based
biofloc system produced significant higher populations densities (15042+1018 and 13060+1010 individuals L
respectively) compared to jaggery and tapioca. The optimal production was achieved at a C:N ratio of 20:1 and
a floc volume of 5 mL L, where peak population density was observed. M. micrura abundance showed a
significant positive correlation (p < 0.05) with water quality parameters pH, alkalinity, TAN-N, nitrite-N, and
nitrate-N. Enhanced growth and reproductive performance in complex carbon based biofloc systems were
attributed to improved nutrient availability and microbial composition. The findings demonstrate that nutrient
rich biofloc systems, particularly those based on rice bran and coconut oil cake under optimized conditions,
can be effectively utilized for mass culture of M. micrura, supporting improved live feed production in

aquaculture.
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1 | INTRODUCTION

The freshwater aquaculture sector has witnessed remark-
able growth through the diversification of candidate spe-
cies and the intensification of culture systems (Thomas et
al. 2021). However, the intensification of aquaculture
systems generates nitrogen-rich effluent, and creates
competition with agriculture for land resources (Piedrahi-
ta et al. 2026). Recirculating Aquaculture System (RAS)
systems have not fully addressed this issue due to their
high investment and operational cost, whereas Biofloc
Technology (BFT) has emerged as an environmentally
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friendly and cost-effective aquaculture system (Gutierrez-
Wing 2006). BFT is a recently adopted land-based aqua-
culture system that enables high density fish culture in
limited areas while efficiently utilizing water resources
(Raza et al. 2024). Biofloc is a complex of heterotrophic
bacteria, organic matter, protozoa, ciliates, and flagellates
that immobilizes total ammoniacal nitrogen and produces
single cell protein in the form of floc (Avnimelech 2012;
Khanjani et al. 2022). Bioflocs are rich in nutrients such as
protein (25-50%), lipid (5-20%), vitamins, and minerals
(Hargreaves 2013; Wang et al. 2016). The quantity and
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quality of biofloc depend on the carbon to nitrogen (C:N)
ratio maintained in the culture system through the addi-
tion of various carbon sources, such as simple carbon
sources like molasses, jaggery, tapioca, and complex car-
bon sources of rice bran powder and oil cakes depending
upon the cost-effective availability (Dauda et al. 2017;
Bakhshi et al. 2018). Complex carbon sources are polysac-
charide-based carbon sources, composed mainly of cellu-
lose and hemicellulose, are metabolized more slowly by
bacteria due to their complex structure, whereas simple
sugars consist of sucrose are rapidly utilized as an imme-
diate energy source. The floc consumed by fish helps en-
hance growth and reduce the feed conversion ratio (FCR)
in the culture system (Avnimelech 2007; Zhao et al. 2012).
In addition, there is evidence that floc consumption im-
proves immunity and feed digestibility (Valle et al. 2015;
Abreu et al. 2019). The nutritional quality of floc is strong-
ly associated with the diversity of microorganisms (bacte-
ria, phytoplankton, protozoa, and zooplankton) present in
the biofloc (Emerenciano et al. 2011). Zooplankton diver-
sity in biofloc systems is primarily governed by the inter-
action between carbon source type and C:N ratio, which
regulate microbial community composition, while addi-
tional factors such as water quality, floc volume, stocking
density, and environmental conditions further modulate
trophic structure and species distribution (Avnimelech
2012; Crab et al. 2012). In biofloc system, commonly used
external carbon sources such as jaggery, molasses, and
tapioca are simple carbon, leading to proliferation of mi-
crobial communities dominated by protozoan ciliates and
flagellates rather than large zooplankton groups like
claldocerans and rotifers (Ebeling et al. 2006; Emerencia-
no et al. 2013; Hargreaves 2013).

Initially, tilapia and shrimp were cultured in biofloc
systems, which were later standardised for various finfish
and shellfish species (Browdy et al. 2012). In addition to
grow-out culture, high density seed rearing of carp from
the spawn to fingerlings can be practiced in a biofloc sys-
tem to improve survivability (Swain et al. 2025). However,
despite higher survivability of carp spawn, growth per-
formance during spawn to fry stage in biofloc system is
often limited, as spawn tend to consume more live feed
than floc during nursery stage (Dey et al. 2022; Solanki et
al. 2023). For nursery rearing of fishes, live feed plays a
crucial role, and freshwater species generally prefer
Daphnia sp. and Moina sp. as live feed supplement with
formulated feed to enhance growth and survivability (Baiz
2018; Santhanam 2020; Ignatious et al. 2021). Enrichment
of live feed is an important approach to enhancing the
nutritional quality of live feed by supplementing limiting
nutrients, thereby prompting the production of high-
quality seed.

In biofloc based systems, enrichment of live feed
such as Moina sp. can improve larval growth at a lower
feed conversion ratio (FCR), ultimately reducing feed cost.
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Moina sp. is a freshwater cladoceran characterized by an
open brood pouch, distinguishing it from Daphnia sp.
(Rottmann et al. 2003). It is a nutrient rich live feed con-
taining 45-50 % protein and 20-27 % fat on a dry weight
basis, with adult size ranging from 700-1000 pm (Islam et
al. 2017). Nutritionally, Moina sp. is comparable with Ar-
temia and Rotifer, being rich in essential amino acids
(Mubarak et al. 2025). It commonly inhabits various
freshwater habitats such as ponds, lakes, ditches, tempo-
rary water bodies, and swamps containing decaying or-
ganic matter (Petrusek 2002). Moina sp. can tolerate high
temperatures and is often found in poor water quality
environments, even those with zero dissolved oxygen
concentration (He et al. 2001). Moina sp. grows under
both autotrophic and heterotrophic conditions, and its
population growth and survivability vary depending upon
food availability (Sipauba-Tavares and Rocha 2001). It can
be mass cultured, with phytoplankton species such as
Chlorella sp. and can thrive on various food sources in-
cluding phytoplankton, yeast, bacteria, and detritus (Hena
et al. 2025). Additionally, Moina sp. can utilise a wide
range of food resources, including algae, heterotrophic
ciliates, and detritus of plant and animal origin, for its
growth and reproduction (Rasdi et al. 2020). It can also
grow and reproduce in the absence of phytoplankton by
consuming bacteria and protozoan ciliates, and flagellates
(Wylie and Currie, 1991). Under normal condition, Moina
sp. reproduce asexually, with the entire population con-
sisting almost females (Martinez-Jerénimo et al. 2007).
However, during adverse environmental conditions, such
as food scarcity, sexual reproduction occurs, leading to
the production of resting eggs (He et al. 2001). Most of
the previous studies have focused on the use of zooplank-
ton like artemia, rotifers, and copepods in biofloc for the
growth of shrimp and fish (Kamrunnahar et al. 2019; De
Andrade et al. 2021; Silva et al. 2021; Abbaszadeh et al.
2022). However, research on the culture of zooplankton
by utilising biofloc as growth medium remains limited.
Moina sp. can be cultured in batch and semi-continuous
methods by supplementing the algal media. Therefore, to
utilise nutrient rich biofloc water and improve the nutri-
tional quality of floc, a study was conducted to evaluate
the population growth and reproduction of M. micrura in
the biofloc system with different carbon sources.

2 | METHODOLOGY

2.1 Experimental condition

An indoor trial was conducted for 30 days at the Marine-
hill wet laboratory of ICAR-Central Island Agricultural Re-
search Institute (CIARI), Sri Vijay Puram, India. A com-
pletely randomized experimental design was followed for
the culture of M. micrura with four treatment groups i.e.,
T1-JB (Jaggery based biofloc), T2-RB (Rice bran based
biofloc), T3—-TB (Tapioca based biofloc), and T4-CB (Coco-
nut oil cake powder based biofloc). The best performing
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carbon source treatment was selected for evaluating M.
micrura population production at different C:N ratios and
floc volume combinations. A 3x3 factorial experiment was
conducted with three levels of C:N ratio (10:1, 15:1, and

20:1) and three levels of floc volume (5, 7.5, and 10 mL L~

1) , resulting in nine treatment combinations. The experi-
ment was laid out in a completely randomized design
with (replications). Data were analysed using two-way
ANOVA to assess main and interaction effects. Both ex-
periments were conducted in 100 L capacity plastic tanks
in triplicate. The water used in experiment was sand fil-
tered, chlorinated with active chlorine of 15%, and subse-
quently dechlorinated through continuous aeration. No
water exchange was performed during the experiment,
and continuous aeration was maintained throughout.

2.2 Production and addition of Moina micrura

A pure culture inoculum of M. micrura maintained in the
algal laboratory of ICAR-CIARI was used for this experi-
ment. The species was cultured in a transparent glass
fibre rectangular tank of 100 L capacity under a 12:12 hr
photoperiod with a light intensity of 3000 lux provided by
an LED bulb. The culture water was initially chlorinated
with 15 ppm chlorine and maintained under constant
aeration at a pH of 7.4. M. micrura were fed with yeast
and harvested when the culture density reaches 50 to 60
individuals mL™", using a 50 um mesh plankton net (with
approximate body size of 700-900 um adult). M. micrura
@ 100 numbers L~ was supplemented to each treatment
tank (Sipauba-Tavares and Rocha 2001).

2.3 Fish waste collection and floc preparation

The initial fish solid waste was collected from an indoor
Rohu (Labeo rohita) nursery tank. The Rohu seed was
reared (from spawn to fry) in 10 numbers of rectangular
FRP tanks, each with a capacity of 2000 L. The seed was
fed with commercial powdered feed (CIFA starter) con-
taining 10% moisture, 35% crude protein, 6% crude fat,
and 5% crude fibre. The characteristics of rohu seed solid
waste were analysed, showing TSS (64.419.3 g L™, coD
(102.5¢12.7 g L™), and total nitrogen (5.6+1.7 g L™). The
total nitrogen content of solid waste was utilised for bio-
floc preparation, as the crude protein in the feed and fe-
cal matter converted to ammonium by microbial degrada-
tion (Avnimelech 2007). Biofloc inoculum was prepared in
a 10 L bucket using solid waste and selected carbon
sources under continuous vigorous aeration. Jaggery, rice
bran powder, tapioca, and coconut oil cake were used as
carbon sources for different treatments, with known car-
bon percentages, maintaining a C:N ratio of 15-20:1
based on the calculation described by De Schryver et al.
(2008). An external probiotic, CIBAFLOC+ (a mixed bacte-
rial complex), was added to enhance biofloc production.
The mixture was aerated vigorously for 48 hours to pro-
duce biofloc inoculum, which was then added to each
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treatment tank. To ensure continuous floc production,
the respective carbon sources and nitrogenous fish solid
waste were added to each treatment at 5-day intervals.
For the factorial experiment, Biofloc was produced using
COC and RB at C:N ratios of 20:1, 15:1, and 10:1 and add-
ed to the tank according to the required floc volume.

2.4 Water quality parameters

Water samples were collected at 5-day intervals for the
analysis of water quality parameters. The pH and temper-
ature were measured using a digital probe (COM-360, HM
Digital), and dissolved oxygen was measured by a digital
probe (HACH). The Total Ammoniacal Nitrogen (TAN),
Nitrite-N, and Nitrate-N were measured using a spectro-
photometric method (APHA 2006). Biofloc volume was
estimated by the Imhoff cone (Avnimelech 2012). Total
alkalinity was measured by the titration method (APHA
2006), and microbial density was measured by the stand-
ard total plate count method (TPC) (Gilcreas 1966).

2.5 Proximate analysis

The proximate composition of M. micrura, and carbon
source ingredients (jaggery, rice bran, tapioca and coco-
nut oilcake) was analysed following the methods de-
scribed by AOAC (2006). At the end of the experiment,
floc samples were harvested using a 100 um net and
dried in a hot air oven at 60°C for proximate analysis. M.
micrura samples were collected using a 50 um plankton
net and freeze-dried at —80°C for proximate analysis.
Crude protein content was estimated using the Kjeldahl
method using KELPLUS-CLASSIC DX (Pelican), while crude
lipid content was estimated using the ether extraction
method with a SCOS PLUS (Pelican) apparatus. Ash con-
tent was determined by incineration in a muffle furnace
at 550°C for 6 hours, and moisture percentage was esti-
mated using hot air oven at constant 105°C. The carbohy-
drate percentage content was calculated using the formu-
la given by Wei et al. (2016).

2.6 Life table parameters and counting of Moina micrura
The life table demographics parameters, such as average
longevity (L), Number of neonates produced per brooder
(R), and time of first reproduction (T), were determined
according to the formula given by Krebs (1985). Water
samples were collected on the 5th day interval to esti-
mate M. micrura density and identify floc associated or-
ganisms. Approximately 500 mL of water was collected
from each experimental tank and subsequently filtered
through different mesh size plankton nets of 200 um, 150
pm, and 100 um to reduce suspended solids. The filtrate
was then passed through a 50 um net for zooplankton
retention and a 15 um net for phytoplankton retention.
Subsequently, a 25 mL of aliquot was fixed with 4% for-
malin and preserved for further analysis. A Stereo micro-
scope (QUASMO, STAR-4) was used to identify phyto-
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plankton and zooplankton associated with biofloc. Sedg-
wick rafter cell was used to count M. micrura and other
zooplanktons. The number of M. micrura (Numbers L™
was calculated according to the formula by Byod and
Lichtkoppler (1979).
Number of M. micrura |/ L =
(AxNx(Volume of sample))
Where T = total number of M. micrura counted, A =
area of grid in mmz; N = number of grids counted;
1000 = area of counting chambers in mm’

(T x 1000) /

2.7 Statistical analysis

All statistical analyses were performed using SPSS version
16.0 (SPSS Inc., Chicago, IL, USA). Data are presented as
mean * SE. Prior to analysis, all datasets were tested for
normality using the Shapiro-Wilk test for homogeneity of
variances using Levene’s test. For the first experiment,
differences among treatments were analysed using one-
way ANOVA and means were compared using Tukey’s
HSD test at significant differences of p < 0.05. For the fac-
torial experiment, involving differnet levels of C:N ratio
and floc volume, data were analysed using two-way
ANOVA to evaluate main effects and interaction effects of
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each factor. The statistical model included C:N ratio and
floc volume as fixed factors. Pearsons’s correlation analy-
sis was performed to assess relationships between M.
micrura population density and water quality parameters.
Additionally, principal component analysis (PCA) was
conducted to identify patterns and reduced dimensionali-
ty among the measured variables.

3 | RESULTS

3.1 Water quality parameters

The initial water quality parameters for each treatment
are shown in Table 1. Throughout the experiment, the
water temperature was 29.2+0.4°C. The mean values of
pH, alkalinity, and dissolved oxygen were 7.8+0.5 ppm,
605 ppm, and 7.5%2 ppm, respectively. The initial hard-
ness and total dissolved solids (TDS) values were 120+10
ppm and 150+12 ppm, respectively. Among the nitrogen
compounds, nitrate-N (NO5) concentration was 3.2+0.8
ppm, followed by nitrite-N (0.05+0.01 ppm), and total
ammoniacal nitrogen-N (0.01+0.00 ppm). The trends of
water quality parameters such as pH, alkalinity, floc vol-
ume, TAN, nitrite-N, and nitrate-N was shown in Figure 1.

o=T1 T2 T3 —@=T4 ——T1 =9=T2 T3 T4 FIGURE 1 The trend of water quality
8 32 parameters in different carbon
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During the 30-day experiment, the floc volume in-
creased significantly (p < 0.05) in the T2 and T4 treat-
ments compared to T1 and T3. The final floc volumes
were 8 and 10 ml L in T2 and T4 treatments, respective-
ly. The TDS values ranged from 1475 ppm to 17218 ppm,
with no significant difference (p = 0.05) among treat-
ments. The Ph values of all treatments ranged from
7.610.25 to 7.9+0.3 at the beginning, but gradually de-
creased with time. By the end of the experiment, signifi-
cantly lower Ph values (p < 0.05) were recorded in T1
(6.57+0.15) and T3 (6.3110.23). The dissolved oxygen lev-
el showed no significant differences among treatments
throughout the experimental period. A significant (p <
0.05) increase in TAN and nitrite-N concentrations was
observed in T2 and T4 after the 15th day. The Nitrate-N
concentration increased significantly up to 15th day, fol-
lowed by a decreasing trend until the end of the experi-
ment. Alkalinity showed a decreasing trend in T1, while it
increased in T2 and T4 after the 15th day. The initial total
plate count (TPC) value of water was 1+0.6x10° CFUs MI”
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Table 4, and Table 5, respectively. Among four carbon
sources COC showed significantly higher (p < 0.05) crude
protein and crude lipid than others, whereas crude fiber
and ash were significantly higher (p < 0.05) in rice bran.
There was a significant difference (p < 0.05) in the proxi-
mate composition of M. micrura with crude protein in T4,
carbohydrate in T1, and ash content in T1. The proximate
composition of Moina, except crude lipid, increased in
rice bran and coconut oil cake based biofloc culture sys-
tem than jaggery and tapioca. Floc produced by the addi-
tion of external carbon sources found significant varia-
tions in crude protein, crude lipid, and ash of T4 treat-
ments than others. Crude protein of floc produced in COC
bases biofloc was significantly (p < 0.05) higher than other
floc.

TABLE 1 Initial value of fresh water quality parameters
(Mean = SE, n = 3) used for the experiment of Moina mi-
crura culture.

Water quality parameters Value (mean

!, which gradually increased, showing a significant differ- Temperature (°C) 29.2+0.4
ence (p < 0.05) in T1 (5.2#3x10’ CFUs ML_l) and T3 pH 7.810.4
(7.4+0.5x10” CFUs ML™) treatments at the end of the Alkalinity (ppm) 60.415
experiment (Table 2). DO (ppm) 7.510.6
Hardness (ppm) 120412
3.2 Proximate composition of carbon source and Moina TDS (ppm) 160.5+ 15
micrura TAN (ppm) 0.01+0
The proximate composition of carbon sources used for Nitrite-N (ppm) 0.05+0.01
biofloc production, floc harvested from different biofloc Nitrate-N (ppm) 3.240.8

treatments, and M. micrura were presented in Table 3,

TABLE 2 Total plate count value in colony forming units (mean * SE, n = 3) of microbes of water sample in different car-
bon sources based biofloc treatments results were analysed by performing one-way ANOVA (p < 0.05) and Tukey’s test.

(Tc';fj Jenl) DAY-1 DAY-5 DAY-10 DAY-15 DAY-20 DAY-25 DAY-30

T1 7+0.4x10° "P4+1x10°  “4.4+1x10° A5+1x10° 8.4+0.3x10°  %6.4+0.3x10° %5.2+0.3x10’
T2 A1+0.8x10° “"3+0.6x10" °3.8+0.6x10" “4.5+1.2x10° "1.5+0.4x10° "3.5+0.4x10° "®6.5+0.7x10°
T3 A140.6x10°  “5+1.2x10° 5.9+1.2x10° 7+0.9x10° 9+1.5x10° 8.1+1.5x10° "®7.4+0.5x10’
T4 A140.7x10°  "3+0.8x10* °4.330.8x10" “5+1.3x10°  "2+1x10° "3.8+1x10°  "5.4+1x10°

T1 = jaggery based biofloc; T2 = rice bran based biofloc; T3 = tapioca based biofloc; T4 = coconut oil cake powder based
biofloc. Different superscript letters along each column indicate significant differences.

TABLE 3 Proximate composition of carbon sources (jaggery, rice bran, tapioca and coconut oil cake) used for floc produc-
tion in different treatments. The values are expressed in mean + standard error (n = 3).

Nitrogen free

Ingredients Moisture (%) Crude protein (%) Crude lipid (%) Crude fiber (%) Total ash (%) extract (%)

(]
Jaggery 7.8+1.7° 1.1+0.21° 0.2+0.03° 0.15+0.02° 3.2¢0.61° 87.5+3.6°
Ricebran 9.8+1.2% 11.8+2.5° 7.3+1.6° 15.5+3.9° 18.743.7° 36.8+4.6°
Tapioca 10.8+1.9" 2.140.32° 1.9+0.21° 1.5+0.35° 1.2+0.34° 82.5£5.9°
Coconut oil 10.2+1.8° 22.142.6° 11.442.1° 15.743.1° 4.240.92° 36.4%4.3°
cake

Different superscript letters along each column indicate significant differences.
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TABLE 4 Proximate composition of Moina micrura (% dry weight) collected from control and biofloc treatments after 30
days. Results were analysed by performing one-way ANOVA and the Tukey’s test. The values are expressed as mean+SE

(n=3).

Treatments T1 T2 T3 T4 p-value
Moisture (%) 87.3+4.3° 86.4+4.9° 87.5+5.1° 85.8+4.3° 0.810
Crude Protein (%) 22.5+2.6° 27.3+2.8° 23.2+3.1° 32.3+3.4° 0.030
Crude Lipid (%) 1.01+0.3° 2.740.97° 1.11+0.6° 3.4%1.1° 0.020
Ash (%) 7.8+1.4° 12.142.2° 8.2+1.8° 18.3+2.5° 0.020

T1 = jaggery based biofloc; T2 = rice bran based biofloc; T3 = tapioca based biofloc; T4 = coconut oil cake powder based
biofloc. Different superscript letters along each column indicate significant differences.

TABLE 5 Proximate composition of floc collected from different treatments. Results were analysed by performing one-
way ANOVA and the Tukey’s test. The values are expressed as mean+SE (n = 3).

Treatments T1 T2 T3 T4 p-value
Moisture (%) 87.3+4.3° 86.4+4.9° 87.5+5.1° 85.8+4.3° 0.810
Crude Protein (%) 22.542.6° 27.3+2.8° 23.243.1° 32.3+3.4° 0.030
Crude Lipid (%) 1.01+0.3° 2.740.97° 1.11+0.6° 3.4+1.1° 0.020
Ash (%) 7.81.4° 12.1+2.2° 8.2+1.8%° 18.3+2.5° 0.020

T1 = jaggery based biofloc; T2 = rice bran based biofloc; T3 = tapioca based biofloc; T4 = coconut oil cake powder based
biofloc. Different superscript letters along each column indicate significant differences.

3.3 Life table parameters and population growth of Moi-
na micrura

Life table parameters like longevity (L), number of neo-
nates produced per brooder (R), and time at first repro-
duction (T) of M. micrura were showen in Figure 2. The
longevity of M. micrura varied between 7 to 15 days in all
biofloc treatments in which, coconut oil cake based bio-
floc treatment showed significantly (p < 0.05) higher lon-
gevity than other treatments. The lowest longevity was

Longivity (L)
14

12

Days
=
o
co

Number of neonates
[=)]

Number of neonates/ Brooder (R)

i ab ab
7
b
a
& b a
14 10 5
12 g,
b
a
8
a
6 4 2
4
2
2
0
0 0 T T2 3 Ta
T T2 T3 T4 T T2 T3 T4

found in jaggery based biofloc treatment, and there was
no significant (p > 0.05) difference between RB and tapio-
ca based biofloc treatments. The number of neonates
produced between 3 to 11 per brooder in all treatments.
The RB and COC based biofloc treatments showed signifi-
cantly (p < 0.05) higher numbers of neonates than other
treatments. The time of first reproduction in all treat-
ments did not vary significantly (p = 0.05), and ranges
from 4 to 6 days.

. Time of First reproduction(T)

=]

Days
FY

w

-

FIGURE 2 Longevity (L), Production of neonates/ Brooder (B) and Time of first reproduction (C) of Moina micrura in dif-
ferent biofloc treatments. The data correspond to the mean + SD. Results were analysed by performing one-way ANOVA
and the Tukey’s test. Mean values in the same colour column with different superscripts differ significantly. T1 = jaggery

based biofloc; T2 = rice bran based biofloc; T3 = tapioca based biofloc; T4 = coconut oil cake powder based biofloc.

The population growth curve of M. micrura in differ-
ent carbon source based biofloc systems showed (Figure
3) a significant (p < 0.05) increase in the number with an
increase in culture period in T2 and T4 treatments com-
pared to other treatments. M. micrura reached peak den-
sity in both treatments on the 20th day, and the pairwise
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comparison using the post hoc test showed that there
was no significant (p = 0.05) difference between T2
(13060+1010 individuals L™) and T4 (1504241018 individ-
uals L_l) treatments. The T1 and T3 treatments showed
peak population of 4655+272 and 5187+310 individuals L~
1 . . 'y .

on the 15th day, having no significant (p > 0.05) differ-
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ence between them. The abundance of M. micrura across
all biofloc treatments showed significant difference (p =
0.030, one-way ANOVA). The Pearson correlation coeffi-
cient analysis in the Figure 4 identified a significant in-
crease (p < 0.05) in Moina population growth with respect
to several factors like floc volume (p = 0.028), pH (p =
0.007), alkalinity (p = 0.004), TAN (p = 0.001), nitrite-N (p
= 0.002) and nitrate-N (p = 0.030) and a negative non-
significant (p 2 0.05) relationship with TPC.
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FIGURE 3 Population growth of Moina micrura cultured in
different carbon source based biofloc system. Data are
expressed in (meanzSE; n = 3). T1 = jaggery based biofloc;
T2 = rice bran based biofloc; T3 = tapioca based biofloc;
T4 = coconut oil cake powder based biofloc.

3.4 Effect of C:N ratio and floc volume on Moina micrura
production

From the factorial experiment, it was observed that in
both the COC and RB based biofloc systems, the produc-
tion of M. micrura was significantly higher (p < 0.05) at
C:N ratio of 20:1 and a floc volume of 5 mL L™* combined
factorial treatment (Table 6). Among the three C:N ratio
and floc volume, higher individual C:N ratio and lowest
floc volume showed the highest Moina population
growth. The peak population density of M. micrura was
1401241082 individuals L™ and, 13010+1077 individuals
L™ for the COC and RB biofloc systems, respectively. The
lowest population density of M. micrura was recorded at
a C:N ratio of 10:1 with a floc volume 10 mL yielding, 7090
+ 566 individuals L™ in the COC based biofloc system and
7063 + 549 individuals L™ in the rice bran based biofloc
system. The pareto chart of standardized effect (Figure 5)
showed that there was an individual and combined signif-
icant effect (a = 0.05) of both factors (C:N ratio and floc
volume) on the production of M. micrura. The diversity
and density of phytoplankton and zooplankton encoun-
tered in different treatments of biofloc were mentioned
in Table 7 and Table 8. The types of phytoplankton ob-
served were Rhizosolenia sp., Scendesmus sp., Chlorococ-
cus sp., Closterium sp., Oscilatoria and Chlamydomonas
sp. (Figure 6). Types of zooplankton found were under
ciliates and flagellates groups like Colpidium sp., Sporozo-
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an sp., Anisonema sp., Paramesium sp., Lepadella sp.,
Halteria sp., Phelodina sp., and Vorticella sp. (Figure 7).
The density of zooplankton observed in COC based biofloc
treatment showed significantly (p < 0.05) higher numbers
(213 + 79 individuals mL™"), and the lowest was observed
in the jaggery based biofloc system. There was no signifi-
cant difference in phytoplankton numbers in all treat-
ments.

TABLE 6 Peak density of Moina micrura in 3x3 factorial
combination of C:N ratio and floc volume. The factorial
combination of C:N = 15:1 and floc volume = 7.5 mL was
taken as the midpoint of the factorial combination treat-
ments. The factorial combination treatments conducted
in triplicate manner and results expressed in meanzSE.
Results were analysed by performing two-way ANOVA
and Tukey’s test.

C:N Floc Volume Peak Density of Moina micrura

. (Nos/ L)
ratio (mL/L) COC RB
2001 5 14012+1082°  13010+1077'
20:1 7.5 12033+1065°  11058+1081°
20:1 10 9808+981° 9030+954°
151 5 10185+1072.9° 10136+1088°
15:1 7.5 10111+#1052°  10055:978°
15:1 10 9008+855" 8068+856"
10:1 5 8035+758° 9010+764°
10:1 7.5 8021+651° 80164653
10:1 10 7090+566° 7063+549°

COC = coconut oil cake; RB = rice bran

TABLE 7 Total numbers of phytoplankton in water sample
of different treatments of biofloc system. Results were
analysed by performing one-way ANOVA and Tukey’s
multiple range test. The values are expressed as meanzSE
(n=3).

Phytoplankton Treatments

(individuals/mL) T1 T2 T3 T4
Rhizosolenia sp. 204 4019 307 60+11
Scendesmus sp. 104 3019 2017 2013
Chlorococcus sp. 2015 258 3418 25+11
Closterium sp. 2817 4017 207 25112
Oscilatoria sp. 306 5247 5519 60+12
Chlamydomonas sp. 98+11 80+18 120+12 90%7
Total 206+37" 262+58" 279+48" 280+66"

Page 7 of 14

T1 = jaggery based biofloc; T2 = rice bran based biofloc;
T3 = tapioca based biofloc; T4 = coconut oil cake powder
based biofloc.

4 | DISCUSSION

4.1 Water quality parameters of biofloc based system
The higher TAN concentration observed in coconut oil
cake and rice bran based biofloc systems compared to
jaggery and tapioca treatments may be attributed to dif-
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ference in nitrogen mineralization and microbial dynam-
ics. Faster nitrification process and greater heterotrophic
bacterial assimilation observed in simple carbon biofloc
systems compared to complex carbon systems (Browdy et
al. 2012; Ferreira et al. 2016; Bakhshi et al. 2018). Despite
elevated TAN levels, no adverse effects on M. micrura
were observed, likely due to the low concentration of
toxic unionized ammonia. The maximum recorded TAN
(1.2 ppm in COC) corresponded to a calculated unionised
ammonia level of only 0.033 ppm, which is well below the

Culture of Moina micrura in biofloc
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reported toxic threshold (> 2.5 ppm) (Arauzo 2003). The
unionized ammonia concentration was calculated accord-
ing to the method of Emerson et al. (1975). Since ammo-
nia toxicity is strongly influenced by pH and temperature,
the relatively stable temperature and pH below 7 in the
present study limited the formation of unionized ammo-
nia. These conditions suggest that the biofloc system
maintained a favourable environment for M. micrura de-
spite variation in TAN levels.

Moina |Floc vol-

Correlation

Moina
density
Floc
volume

TDS

Alkalinity

uolnje|a440)

Alkalinity TPC

FIGURE 4 Correlation coefficient of Moina micrura numbers with different water quality parameters. KMO Measure of
sampling adequacy: 0.663; Lowest value: RED, Highest value: Blue, Mid value: Yellow; Extraction method: PCA.

Pareto Chart of the Standardized Effects
(response is Moina density, a = 0.05)

2776
T

Term Term
A A
AB

B

Factor
A = C:N Ratio
B = Floc volume

0 5 10 15 20 25 0

T2 3 & s & 1 8 9

Standardized Effect
FIGURE 5 Pareto chart of the standardized effects of factors and their combined on production of Moina micrura in coco-

nut oilcake (left) and rice bran (right) based biofloc system.
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TABLE 8 Total numbers of ciliates and flagellates in water
sample of different treatments of biofloc system. Results
were analysed by performing one-way ANOVA and the
Tukey’s multiple range test. The values are expressed as
meantSE (n = 3).

Ciliates & flagellates Treatments

(individual/ mL) T1 T2 T3 T4
Clopidium sp. 8+2 1817 6+1 22+11
Sporozoan sp. 812 3318 813 43+15
Anisonema sp. 0 14+7 0 18+7
Paramesium sp. 0 10+7 613 1116
Phelodina sp. 1243 22+6 10+4  36%11
Halteria sp. 8+3 10£5 613 106
Lepadella sp. 1416 267 8+3 33+12

Vorticella sp. 2815 12+2 38+11

Total numbers 66+22" 161+51° 56+18" 213+79°

Floc volume increased in all treatments with the pe-
riodic addition of carbon sources. These complex carbon-

a 7o b
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based flocs may have supported protozoan ciliates and
flagellates, which served as an important food source for
M. micrura. The total plate count (TPC) value of bacteria
in the RB and COC biofloc systems was comparatively
lower, likely due to the grazing activity of ciliates and
flagellates, which feed on bacteria and dissolved organic
matter (Van Wichelen et al. 2016; Fedonenko et al. 2017).
Khanjani et al. (2022) reported that simple carbon
sources such as starch and molasses support higher den-
sities of heterotrophic bacteria than complex sources like
barley, flour, corn. In the present study, the pH and alka-
linity decreased more in jaggery and tapioca based biofloc
systems than in those using complex carbon sources such
as rice bran and COC. This can be attributed to nitrifica-
tion process (Ebeling et al. 2006). Alkalinity is the pH
buffering capacity; as the pH decreases, the H+ ion in-
creases to neutralize the HCO3 and CO3Z_ utilized, causing
a decrease in alkalinity.

10 um

FIGURE 6 Microscopic images taken at 40x magnification of phytoplankton diversity associated with biofloc of different
treatments. a. Rhizosolenia sp., b. Scendesmus sp., c. Chlorococcus sp., d. Cosmarium sp., e. Oscillatoria sp., f. Chlamydo-

monas sp.

4.2 Proximate composition of carbon source and biofloc

Moina micrura’s proximate composition varies according
to the carbon source utilized in the production of biofloc.
The higher crude protein content of COC and RB com-
pared to jaggery and tapioca results in the increased pro-
tein level of M. micrura cultured under these treatments.
Similarly, the higher crude lipid content of COC may con-
tribute to the increased lipid percentage of M. micrura
compared to other biofloc treatments. The higher carbo-
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hydrate content in jaggery based biofloc, on the other
hand, increases the carbohydrate proportion in Moina
cultured in biofloc system. Shidik et al. (2021) reported
that M. macropa produced in the biofloc system con-
tained 4.62% crude protein and 0.25 % crude fat on a wet
weight basis, which is comparable to values obtained in a
chlorella-based culture system. The crude protein content
of M. micrura produced in a biofloc system varies 30—45%
(dry weight basis) meeting the protein requirements of
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most commercial fish feed, which ranged from 30 to 43%
(Li et al. 2002; Southgate 2003). Moina is widely use uti-
lized as live feed for the larval and nursery rearing od In-
dian major craps (Catla catla, Labeo rohita, and Cirrhinus
mrigala), tilapia, air breathing fishes (magur, singhi), as
well as ornamental fishes including livebearers, Betta
splendens, and gold fish (Carassius auratus) (Fermin 1991;
Rottman et al. 2003). The dietary protein and lipid re-
quirements of these fish larvae typically range from 35—
55% and 6-15%, respectively (Jobling 2012; De Silva
1994). In this context, M. micrura produced using COC
based biofloc system, wth an approximate composition of
45% protein and 23% lipid, provides a nutritionally rich
live feed capable of meeting the essential nutrient de-
mands of these fish larvae during developmental stage.
The crude lipid content in commercial fish feed generally
ranges from 2 to 10%, whereas M. micrura produced a

a b
."’"PRT;T\\ N
50 um
L Pt
-
e e
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biofloc system contain much higher levels, ranging from
20 to 24 % crude lipid (Southgate 2003). The higher crude
lipid content in biofloc reared M. micrura may be at-
tributed to their feeding on bacteria associated with floc,
as the heterotrophic bacteria are known to store up to
20% fat in their cells (Yousuf et al. 2010). Therefore, bio-
floc produced M. micrura contains a sufficient amount of
crude protein and lipid to be used as quality live feed. The
elevated carbohydrate content (22-28%) in M micrura
cultured in a biofloc system makes it a suitable live feed
for herbivorous and omnivorous fishes. In addition to
providing protein sparing effect, carbohydrates enhance
the availability of digestive enzymes, which are particular-
ly essential for herbivorous and omnivorous fishes than
carnivorous (Hepher 1988; Hertrampf and Piedad-pascual
2012).

o
I"
i S :
50 um B uim oL/ 50 pm 50 um
| £ J T

FIGURE 7 Microscopic images taken at 20x magnification of ciliates and flagellates diversity associated with biofloc of
different treatments. a. Clopidium, b. Sporozoan, c. Anisonema, d. Paramesium, e. Lepadella, f. Halteria, g. Phelleodina, h.

Vorticella.

4.3 Population growth dynamics of Moina micrura in
biofloc system

This study revealed that the population growth of M. mi-
crura was higher in the coconut oil cake and rice bran
based biofloc system compared to those based on jaggery
and tapioca. During the early neonate stage, the surviva-
bility of M. micrura improved due to the presence of phy-
toplankton such as Scenedesmus and Chlamydomonas in
all biofloc treatments (Boersma and Vijverberg 1996), as
the smaller sized neonates were unable to filter feed on
larger ciliates and flagellates. During the unavailability of
a phytoplankton diet, Moina utilized protozoan ciliates
and flagellates of size less than 40 um (De Andrade et al.
2021). The ontogenic shift in the food preference of adult
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M. micrura toward floc associated protozoan ciliates and
flagellates positively influenced its survivability and re-
production in the biofloc system (Kumar and Hwang
2008). The high abundance of ciliates and flagellates in
the coconut oil cake based biofloc served as an additional
food source, supporting a higher multiplication rate dur-
ing the adult stage. Biofloc produced using complex car-
bon sources produces diverse floc composition, enriched
with protozoan ciliates and flagellates, compared to those
formed in simple carbon sources (Ferreira Marinho et al.
2014; Manan et al. 2017; De Andrade et al. 2021). Other
than ciliates and flagellates, Moina sp. fed on bacteria as
a single cell protein source (Miah et al. 2013; Castro et al.
2017). As the population of M. micrura increased in the
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COC based biofloc system, the TPC value of biofloc asso-
ciated bacteria decreased, as clearly indicated by the cor-
relation co-efficient in this study. The production of par-
ticulate organic matter was higher in RB and COC based
biofloc system, which provided an additional food source
that supported greater population growth of M. micrura
compared to a simple carbohydrate-based system (Rott-
mann et al. 2003). In this study, the time of first repro-
duction and longevity remained similar across all treat-
ments; however, the number of neonates produced per
brooder was reduced by half in jaggery and tapioca based
biofloc treatments due to the lower availability of food
source compared to RB and COC based biofloc treat-
ments. The highest population growth of M. micrura in
this study was in the range reported for Cholrella sp.
based mass culture system of Moina sp. (Kaeoprakan et
al. 2025), and it exceeded the growth achieved in other
organic waste media such as chicken manure, pig manure,
cow dung, and food waste (Kabery et al. 2019). Mass cul-
ture of Moina sp. was successfully achieved using both
Chlorella vulgaris and yeast (Saccharomyces cerevisiae) as
feed sources. Supplementation with chlorella inoculum
resulted in peak population densities of approximately
5000-10000 individuals L™ under optimized conditions,
including high algal densty and suitable temperature
(Lavens and Sorgeloos 1996; Sipauba-Tavares and Rocha
2001). In contrast, the yeast-based culture system sup-
ported higher Moina densities, reaching 10000-15000
individuals L™ (Hagiwara et al. 2001; Rottman et al. 2003).
The higher production in yeast-based system attributed
due to the higher protein content and greater digestibility
compared to chlorella facilitating improved population
growth of Moina (Islam et al. 2015). Many studies have
reported that freshwater cladoceran such as Moina sp.
and Daphnia sp. can grow in biofloc system, depending
on the carbon source or type of media uses (Miah et al.
2013; Castro et al. 2017; Shidik et al. 2021). They feed on
dissolved organic particles, algae, protozoa, and bacteria
associated with the flocs (Perera et al. 2022).

The population growth of M. micrura in the COC and
RB based biofloc system increased with a higher C:N ratio,
but decreased as floc volume rose. A higher C:N ratio en-
hances the mineralization of complex carbon sources like
rice bran, and coconut oil cake into simpler organic parti-
cles (Avnimelech 2012; Bowszys et al. 2020), which served
as food for M. micrura and other microorganisms such as
protozoan ciliates and flagellates. This mineralization also
releases essential nutrients like nitrogen and phosphorus,
supporting primary productivity. However, when floc vol-
ume increases, suspended particles cause higher turbidi-
ty, which reduces phytoplankton concentration in the
biofloc system (Boyd 2020). This floc associated turbidity
may influence in the reduction of the initial food availabil-
ity to the neonates of M. micrura. Therefore, the level of
Moina productivity reduced at higher levels of floc vol-
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ume. The result of M. micrura culture obtained from this
study under controlled indoor biofloc conditions may not
be directly extrapolated to outdoor pond systems due to
environmental variability such as temperature, light and
predation pressure, while strain specific difference among
M. micrura and other cladoceran zooplankton may fur-
ther influence reproducibility. Therefore, future study
needs to be evaluated long-term stability and seasonal
performance under outdoor condition. Additionally, co-
culture trails with fish larvae under field conditions are
essential to validate the practical applicability and scala-
bility of the biofloc based culture system.

5 | CONCLUSIONS

The present study demonstrated that the growth, repro-
duction and nutritional quality of M. micrura was signifi-
cantly influenced by the type of carbon source in the bio-
floc system. Among all treatments, coconut oilcake and
rice bran based biofloc systems supported superior popu-
lation density, enhanced longevity, and higher neonate
production compared to jiggery and tapioca based biofloc
system. The highest productivity was achieved at a C:N
ratio of 20:1 combined with a lower floc volume (5 mL L~
1), indicating that optimized nutrient mineralization and
moderate turbidity are critical for maximizing Moina pro-
duction. Improved proximate composition, proximate
composition, particularly crude protein and lipid content,
further highlights the stability of complex carbon sources
for enriching live feed quality. The positive relationship
between M. micrura abundance and key water quality
parameters confirms the ecological compatibility of bio-
floc based culture systems. From a practical prospective,
the use of low cost and locally available carbon sources
such as rice bran and coconut oilcake enhances economic
feasibility. This approach shows strong potential for scal-
able mass production of high-quality live feed and can be
effectively integrated into hatchery and nursery system,
reducing resilience on conventional live feeds. Further
field scale validation recommended to support commer-
cial application.
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