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Abstract

Purnama Sukardi, Norman A. Prayogo, Taufik Budhi Pramono, Agung Sudaryono and Taufan
Harisman. 2019. Evaluation Of Local Carbon Sources The Biofloc System For Juvenile Pangasius
Pangasius Culture Using Small-Scale Plastic Pond In Central Java, Indonesia Aquacultura Indonesiana,
20 (1): 48-56. The aim of the study was to investigate the effect of different types of carbohydrates on growth,
survival, feed efficiency and fish production (Pangasius pangasius), in the biofloc system with zero-water
exchange. Added carbohydrates were tapioca, molasses, bran and cornstarch which were set at level of 25% of
the theoretical adding quantity. A total of 6000 fish larvae used in this experiments. Complete Randomized
Designed was used with four treatments and three replications. Twelve tanks were used in which each tank was
a cylinder tank (1814.92 L) and each tank contained 500 fish. The results showed that the concentrations of
ammonia and nitrite differ significantly in the experimental tank with added maize when compared to the other
carbohydrate sources. The nitrate levels showed that high concentration was observed in the maize treatments
compare to tapioca and molasses treatments, however it was not significantly different than that of rice bran
treatments. The floc volume stabilized after about 3 weeks in the BFT tanks. Different carbon sources had
resulted in different proximate floc composition tendencies. The highest fish yield obtained in molasses
treatments which were highest compare to all carbohydrate treatments, whilst tapioca, rice bran, and maize
treatments were not significantly different.

Keywords: Pangasius, carbon sources, zero water-exchange

Introduction

Pangasius pangasius like other tropical of competition in using water with populations
freshwater fish  (Osphronemus gouramy, and others agriculture and aquaculture
Osteochilus hasselti, Clarias batrachus) is very activities and maintenance of environmental
famous and economic viable to the people of quality and sustainability of aquaculture
Indonesia (Prayogo, et. al., 2016). This species system (Yuwono and Sukardi, 2009).
is also commonly found in Asian countries Indonesia has a population estimated at 257
like China (Hogan, et al.2007), Vietnam million in 2015 and about 58% of Indonesia's
(Valey, et al. 2012), India (Prabu, et al. 2012; population lives in Java, the most populous
2013) and Bangladesh (Hannan, et. al. 1988). island. Zero or minimum water exchange is an
One of the impacts of global climate change is example of adaptation activity caused by
that water become a limiting factor for climate change impacts in aquaculture (The

aquaculture activities in Java Island Indonesia.
Some major issues in this area are increasing
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Indonesian Central Bureau of Statistics, 2016;
FAO, 2014). Land aquaculture producers
increasingly utilize re-circulation aquaculture
system which range from high technology
particulate filtration, and bio-filtration to
less complex technologies such as a simple
filtration using natural bio-filtration. These
high technologies increase operation and
production cost and only expensive product
will economically viable. Some aquaculturists
reduce water exchange as a strategy for
minimizing using water (Badiola, et al.2012;
Burr, et al. 2012; Dolan, et al. 2013; Pedersen,
etal.2012).

Biofloc technology (BFT) is a promising
system for future aquaculture in which water
and nutrient can be reuse and recycle
continuously (Hargreaves, 2013; Crab, 2012;
Schryver, et al. 2008). BFT can provide fish
production at high stocking density in a
condition that is sustainable and biologically
safe (Ray, et al. 2010; Zao, P., et al. 2012;
Schveitzer, et al.2013). The system enhances
the growth and production of fish and is also
maintained water quality (Schveitzer, et al.
2013, De Schryver, et al. 2008). In some
studies, the protein content originating from
the flock can reduce the need of protein from
feed due to the availability of the biofloc
protein (Xu, et al. 2012). This sustainable
approach base on microorganisms growth in
the system and the advantage of the method is
minimum or without water exchange (Xu, et
al. 2012; Kuhn, et al. 2009; Xu, 2016). The
role of organisms inside the system is
maintenance of water quality and increasing
culture feasibility by reducing feed conversion
ratio and decrease of feed costs (Schveitzer, et
al. 2013).

A small-scale aquaculture is
characterized by small-scale fish farming,
small-scale farming house-holds, and the use
of appropriate technology. The successful
adoption of small-scale aquaculture by poor
families is included cage culture in
open-access water, in leasing of small ponds
for fish raising and raising of fish larvae in the
early rice field done (Edwards, 2013). The
most important of this study of small-scale
backyard biofloc technology without water
exchange was to be acquainted with the
suitability of small-scale aquaculture that
applied to the poor in rural and urban areas,
whilst the specific objectives were to quantify
the contribution of biofloc technology to fish

growth, survival, feed efficiency, and
production using different carbon sources
locally available.

Materials and methods
Larval rearing and experimental design

A total of 6000 fish larvae were used in
this experiments. Fish originally from
hatchery of a self help group which cooperate
with the Department of Aquaculture, Faculty
of Fisheries and Marine Science, Jenderal
Soedirman University. Complete Randomized
Designed (CRD) was used with four
treatments and three replications. Twelve
tanks used in which each tank was a cylinder
tank (1814.92 L) and each tank contained 500
fish (equivalent to a fish density of 3.63/L
water volume). The tank were aerated with air
stones. The study was carried out for a period
of nine weeks between July and September
2016. During culture period, water in the tanks
was not exchanged aside from freshwater
addition due to the evaporation. Feeding rates
set at 3% of the total stocked biomass daily in
the first several days and then accustomed
weekly after weighing a fish sample.
Commercial pellets contain crude protein,
crude lipid, crude fiber, ash and moisture
(32%, 4%, 5%, 11.5 and 12%, respectively).
The pellets were applied to fish twice daily at
07:00 h and 16:00 h. Throughout culture
period, four different carbon sources i.e.
tapioca, molasses, rice bran, and maize were
added in to BFT tanks to promote the
development of bioflocs, which maintained
suitable water quality and to provide
supplemental protein source. Three tanks
prepared for every carbon sources and carbon
was added to the tanks every day (06:00 h) at
a level 25% of the theoretical quantity. The
theoretical adding quantity of carbohydrate
sources calculated according to Avnimelech
(1999). In the previous study, carbohydrate
addition set at a level of 50% was regarded as
too much, thus in this study carbohydrate
sources were set at level of 25% of the
theoretical quantity. Carbohydrate source was
mixed well and spread out to the water tank at
07.00 h and 16:00 h. Parameters of fish
growth performance, i.e., the body weight,
survival, and yield, were determined at the
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culture end of the experiment and the
efficiency parameter, as well. Surviving fish
from each tank counted and final body weight
(wet weight) recorded.

Floc collection and water analysis

Imhoff cone used to determine on site
bioflocs volume (Avnimelech and Kochba,
2009). A nylon bag with a 10-um mesh size
used to take biofloc samples by filtering water
from each tank. Samples dried in an oven at
105 °C until constant weight, pooled together
and then stored at —20 °C until proximate
composition analysis (Xu, et al, 2012). Water
sample were collected from each tank and
analyzed spectrophotometrically for total
ammonia nitrogen (TAN), nitrite nitrogen
(NO2—-N) and nitrate nitrogen (NO3 —-N)
according to the standard methods for water
and waste water analysis (APHA, 1998). A
digital oxygen-meter (YSI 55, Yellow
Springs, OH, USA) used to measure dissolved
oxygen and water temperature. The pH
measured using a digital pH meter (Hanna

HI198128 pH meter). Agricultural lime
(CaCO03) added when the pH drops below 7.

Statistical analysis

One way analysis of variants (ANOVA)
by the SPSS (version 14) statistical package
was used to compare growth, survival, yield,
and efficiency parameters. When a main effect
was significant, the ANOVA followed by
Tukey’s multiple range tests to identify
differences among experimental groups.
Significant level was set at 95% probability
levels. Prior to analysis,
arcsine-transformation  applied to the
percentage and ration data. Normality and
homogeneity of variances was checked before
analysis. Survival rate (SR), feed conversion
rate (FCR) and yield were calculated using the
following equations: Survival rate (%) = 100
x (final fish count/initial fish count), Feed
conversion ratio=total dry weight of feed
offered/total fish wet weight gained, Yield=
total fish wet weight gained (kg)/volume of
fish- pond (m-3).

Result and discussion

Water quality parameters

Table 1. Water quality parameters after nine weeks of growth in BFT system using four different
carbon sources for the cultivation of Pangasius pangasius

Parameter Tapioca Molasses Rice Bran Maize
Temperature (°C) 27.7 £0.29°% 27.6 £0.26° 27.5 +0.30° 27.6 £0.29°
pH 7.6 £0.6° 7.5+0.12° 7.5 +0.16° 7.7 £0.08°
Dissolved oxygen (mg.L™) 7,2+0.23° 7.0+0.2% 7.2+0.22° 7.4 +0.24°
Ammonia (mg.L ™) 0.53 +0.03° 0.52+0.03* 0.54 +£0.03° 0.67 +0.06"
Nitrite (mg.L ™) 0.51 £0.03% 0.49 £0.02° 0.52 +£0.02° 0.69 +0.10°
Nitrate (mg.L™) 3.52+0.03ab 3.38+0.14b 3.54 £ 0.03ac 3.68+ 0.08c

Values in the same row with different superscripts are significantly different (P<0.05)

The results revealed that addition of
different carbohydrate sources in the water
column had different effects to the ammonia,
nitrite, and nitrate levels during the cultivation
period in the BFT system (Table 1). However,
temperature, pH, and dissolved oxygen not
affected by these treatments. The overall mean
of water temperature, pH and DO
concentration were not significantly different
observed between the carbohydrate treatments
which were also within the normal range of
tropical fish culture. Ammonia concentrations
from the treatment with different carbohydrate
sources addition showed a highly significant

different  between maize and  other
carbohydrate sources (P<0.05), however no
significant difference was observed among
tapioca, rice bran and molasses treatments,
respectively. Nitrite concentrations in the BFT
system showed a highly significant different
between the maize treatments (0.67+0.06) and
other carbohydrate treatments (P<0.05).
Whilst tapioca, molasses, and rice brand
treatments were not significantly different
observe. The results of the nitrate levels
showed that a highly significant different
among treatments (P<0.05) during the rearing
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period. High concentration, 3.68+0.08 was
observed in the maize treatments compare to
tapioca (3.52+0.03) and molasses (3.38+0.14),

The bioflocs development
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however it was not significantly different than
that of rice bran (3.54+0.08) treatment.

—+—TAPIOCA
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RICEBRAN
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Figurel. Change of floc volume (FV) of four biofloc treatments during the-9 weeks of experimental period. Tapioca,
molasses, rice bran, and maize represent four treatments. VValues were means (£SD) of three replicate tanks per sampling
time in each treatment.

The bioflocs development in terms of
flocs volume after 15 min sedimentation
(FV-15) during experiments showed in Fig.1.
FV-15 concentrations increased gradually
throughout the experiment period and
increasing tendency of them over time are
basically consistent. The biofloc volume
stabilized after about 3 weeks in the BFT
tanks with average FV concentration of
around 43.77+8.36 mL-1 and the highest of
flocs concentrations was in the last week of
experiments (59.48+9.32 mL-1). In the week
three, the concentration of flocs volume which
carbon source derived from tapioca (56+2.89)
and molasses (62.50+6.61) was significantly
higher compare to maize (37.116.18),
however the rice brand was not significantly
different compare to tapioca, molasses and
maize, respectively (P<0.05). In the week five,
the concentration of floc volume derived from

Biofloc nutrition

maize (41.07+1.86) was significantly
lower than that of molasses (56.67+5.77),
however it was not significantly different
compare to tapioca (53.33+5.77 ) and rice
brand (41.07+1.86) (P<0.05). Molasses was
not significantly different compare to tapioca
and rice brand, as well. In the week seven, the
floc volume derived from  tapioca
(63.00£2.65) and molasses (65.00+8.66) was
significantly higher compare to maize
(46.92+2.69). The rice brand, 57.73£5.71, was
not significantly different compare to tapioca,
molasses and maize, respectively (P<0.05). In
the week nine, all three carbon treatments
(tapioca, molasses and rice brand, 75.00+5.00,
71.67+7.64 and 66.67+5.77, respectively)
were significantly higher than that of the
maize treatments (49.10£1.55).

Table2. Proximate composition (%) of flocs from BFT (meantSD), as determined by laboratory

analysis (n=2).

Nutrients Tapioca Molasses Rice Bran Maize
Organic matter® 75.04+0.70 75.53+0.47 74.90+0.47 75.09+0.63
Crude protein 37.18+£0.10 36.72+0.14 32.73+£0.45 28.69 £ 0.59
Crude lipid 1.58 £ 0.08 1.81+£0.06 2.30+0.23 1.87£0.11
Crude fiber 12.14 +0.04 11.75+0.28 12.17 £ 0.01 12.21+0.18
Moisture 7.21+0.89 7.16 £0.08 7.15+0.36 7.09+0.23
Ash 24.97+0.70 24.47+0.47 25.1040.47 24.92+0.63
NFE" 16.93+0.03 18.10+0.06 20.89+0.08 25.23+0.11
Gross energy (kcal/100g)° 342.26+2.19 345.08+2.17 337.36+3.42 331.79+4.53
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a. organic matter=100-Ash (%)
b. NFE=100-(CP+EE+CF+ash+moisture)

c.Grossenergy(GE)=(CPx5.6)+(EEx9.44)+(CFx4.1)+(NFEx4.1)kcal/100 g (NRC, 1993)

The proximate composition of the
bioflocs derived from the BFT tanks showed
in Table 2. The dried biofloc derived from
tapioca, molasses, rice brand and maize
additions in the BFT tanks contained 37.18 +
0.10, 36.72 + 0.14, 32.73 + 0.45 and 28.69 +
0.59 crude protein, respectively. The crude
lipid content of tapioca, molasses, rice brand
and maize treatments ranged from 1.58 + 0.08,
1.81 + 0.06, 2.30 + 0.23 and 1.87 + 0.11,
respectively. The mean crude fiber content of
tapioca, molasses, rice brand and maize
treatments were 12.14 + 0.04, 11.75 = 0.28,
12.17 £ 0.01 and 12.21 + 0.18, respectively.
Moisture content of floc from the treatment

Growth and yield performance

with tapioca, molasses, rice brand and maize
in the BFT tanks was 7.21 + 0.89, 7.16 + 0.08,
7.15 £ 0.36 and 7.09 % 0.23, respectively.
The content of ash in floc with carbon source
of tapioca, molasses, rice bran and maize was
24.97+0.70, 24.47+0.47, 25.10+0.47 and
24.92+0.63, respectively. The mean nitrogen
free extract (NFE) content of tapioca,
molasses, rice bran and maize were
16.93+0.03, 18.10+0.06, 20.89+0.08 and
25.23+0.11, respectively. The calculated gross
energy (kJ/100g) of the biofloc of tapioca,
molasses, rice bran and maize was
342.26+2.19, 345.08+2.17, 337.36+3.42 and
331.79+4.53, respectively.

Table3. Performance of Pangasius pangasius in the BFT with the addition of different carbohydrate

sources at the end of experiment

Parameter Tapioca Molasses Rice Bran Maize
Weight (g) 50.57 +3.45° 49.81 +185° 5157 +4.49° 49.19 +1.61°
Survival (%) 58.3 +1.56*  97.5+0.71° 50.50 + 0.42° 45.40 * 2.40°
FCR 1.04 £0.07°  0.63+0.02" 1.15 +0.10% 1.33 +0.05°
Yield (kgm®)  8.05+152* 1260 +047° 7.64 + 050° 6.49+0.29°

Means (+SD) of the body weight (g), yield (kg m™3), survival (%) and FCR. Means within a row followed by
different superscript letters were significantly different (P < 0.05).

Growth performance of Pangasius
pangasius juvenile during nine weeks of
culture presented in Table 3. Body weight
calculated through final weight, whilst mean
final body weight among treatments not
significantly different. Survival showed a
highly significant different among treatments
(P<0.05). A better survival, 97.5£0.71 was
observed in molasses treatments which were
significantly higher from tapioca (58.3+1.56),
rice brand (50.50 + 0.42), and maize (45.40 +
2.40), respectively. The tapioca treatments
were not significantly different compare to the
rice brand treatments; however both
treatments were significantly higher than the
maize treatments. Feed conversion ratio
(FCR) of Pangasius pangasius showed a
highly significant different among treatments
(P<0.05). Highly efficient (FCR), 0.63+0.02
was observed in molasses treatments which
were significantly efficient than that obtained

in tapioca, rice brand and maize treatments,
1.04, 1.15 and 1.33, respectively. The rice
brand treatments (1.15+£0.10) were not
significantly different compare to tapioca
(1.04£0.07) and maize treatments (1.33+0.05),
however the tapioca treatments were
significantly different than that gained in
maize treatments. Yield of Pangasius showed
a highly significant between carbohydrate
treatments (P<0.05). The highest vyield,
12.60+0.47 was obtained in molasses
treatments which were highest compare to all
carbohydrate  treatments, whilst tapioca
(8.05£1.52), rice bran (7.64+0.50), and maize
(6.49+0.29) treatments were not significantly
different.

The bioflocs development in terms of
flocs volume after 15 min sedimentation
(FV-15) during experiments showed in Fig.1.
FV-15 concentrations increased gradually
throughout the experiment period and
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increasing tendency of them over time were
basically consistent. The floc volume
stabilized after about 3 weeks in the BFT
tanks with average FV concentration of
around 43.77+8.36 mL-1 and the highest of
flocs concentrations was in the last week of
experiments (59.484+9.32 mL-1). In the week
three, the concentration of biofloc volume
which carbon source derived from tapioca
(56+2.89) and molasses (62.50+6.61) was
significantly  higher compare to maize
(37.1+6.18), however the rice brand was not
significantly different compare to tapioca,
molasses and maize, respectively (P<0.05). In
the week five, the concentration of biofloc
volume derived from maize (41.07+1.86) was
significantly lower than that molasses
(56.67+5.77), however it was not significantly
different compare to tapioca (53.33+5.77 ) and
rice brand (41.07+1.86) (P<0.05). Molasses
was not significantly different compare to
tapioca and rice brand, as well. In the week
seven, the concentration of biofloc volume
derived from tapioca (63.00+2.65) and
molasses (65.00+8.66) was significantly
higher compare to maize (46.92+2.69). The
rice brand, 57.73+5.71, was not significantly
different compare to tapioca, molasses and
maize, respectively (P<0.05). In the week
nine, all three carbon treatments (tapioca,
molasses and rice brand, 75.00+5.00,
71.67£7.64 and 66.67+5.77, respectively)
were significantly higher than that of the
maize treatments (49.10+1.55).

Water quality

In the present study, average water
temperature (270C, range 26-280C), pH (7.6,
range 7-8) and dissolved oxygen (7.2 mg.L-1 ,
range 7.0-7.5) were well within the range for
tropical  fish  culture (Tablel). High
concentration of toxic NH3 and NO2, as
aresult of feed waste and excretion of
organisms reared at high density, are the main
problems in intensive aquaculture system,
affecting their survival rates and reduce
growth. Ammonia-N and organic carbon
increased in response to dietary protein
concentration (Anand, et al. 2013; Azim and
Little, 2008). Addition of carbohydrate can
reduce concentration of ammonia, nitrite and
nitrate (Anand, et al.2013, Wang, et al.2015).
For growth and reproduction, heterotrophic
microorganisms able to consume a large

amounts of organic carbon, ammonia and
nitrate nitrogen (Wang, et al. 2012). The
addition of carbohydrates in the study also
showed a similar phenomenon to the decrease
in the concentration of ammonia, nitrite and
nitrate, but a source of carbohydrates have
different effects to the concentration of the
chemical compound depends on third type of
carbohydrate. The addition of carbohydrates
in the study also showed a similar
phenomenon to the decrease in the
concentration of ammonia, nitrite and nitrate,
however a source of carbohydrates have
different effects depending on the decrease in
the concentratio effective n of these three
chemicals. The level of molasses used in this
study was effective in preventing significant
ammonia accumulation in the culture medium.
However, these supplementation levels were
not effective in  preventing nitrite
accumulation. In this study, the
supplementation level of tapioca, molasses
and rice bran was effectively in preventing
significant ammonia and nitrite residues in the
culture medium. However these level of maize
were not effective in preventing significant
ammonia and nitrite residues. Molasses was
the most effective to reduce accumulation of
nitrate compare to rice bran and maize, but
was not significantly effective compare to
tapioca.

Floc in the sytem

The fluctuations flock quantity varies
significantly between weekly sampling and
tends to increase until the end of the study
(Fig.1). The Bioflocs are natural food
aggregated and suspended particles formed in
culture water which contain bacteria,
protozoa, nematoda, rotifer, algae, nematodes
and detritus material (Ju et al., 2008; Ju et
al.,2009, Wang, et al.2015). Additionally,
many aquatic species obtain nutritional benefit
from the microbial biomass and specially
reduce the need of dietary protein (Avimelech,
2009). The biofloc provide additional sources
of protein, lipid, mineral and vitamins for the
fish (Azim, et al. 2008; Wang, et al. 2015).

Proximate composition
Several studies have shown that

theaddition of carbon sources in biofloc
systems can substitute feeding of aquatic
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organisms and can promote the growth of
several different species such as O.
mozambicus (Avnimelec, 2007),
Macrobrachium rosenbergii (Asaduzzaman, et
al. 2008), M. rosenbergii, Oreochromis
niloticus, Indian major carp rohu, Labeo rohita
(Asaduzzaman , 2010), L. vannamei ( Xu, et
al., 2012). Our study showed that different
carbon sources had resulted in different
proximate composition tendencies (Table2).
The tendency of this difference was evidenced
by different FCR results, the molasses had
significantly lower FCR values (0.63 + 0.02),
which means more efficient, compared to
tapioca, rice bran and maize, 1.04 £ 0.07, 1.15
+ 0.10 and 1.33 + 0.05, respectively.
Similarly, survival results showed that the
addition of molasses produced the highest
survival (97.5 = 0.71%), compared with
tapioca, rice bran (50.50 £ 0.42) and maize,
58.3 + 1.56%, 50.50 *+ 0.42% and 45.40 +
2.40%, respectively.

Conclusion

Differences in carbohydrate sources
added to the biofloc system without water
change for P.pangasius cultivation showed
that biofloc volume was gradually increasing
throughout the experimental period and the
tendency to increase biofloc volume over time
was basically consistent. There were different
effects on the levels of ammonia, nitrite, and
nitrate, but the temperature, pH, and dissolved
oxygen were not affected by this addition.
Carbohydrate sources of cornstarch have
higher concentrations of ammonia, nitrite and
nitrate when compared to the addition of
tapioca, molasses and rice bran. The value of
FCR, survival rate and yield indicated that the
addition of molasses were more suitable in
this biofloc system
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