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Abstract

Aim: Locally available cheap carbon sources, cassava waste and cassava starch, were tested for their
efficiency in decreasing the nitrogenous metabolites, resulting due to accumulation of uneaten feed and
excreta atthe pond bottom during intensive shrimp aquaculture.

Methodology: Yard experiment was carried outin 500 | Fibre reinforced plastic (FRP) tanks for a period of
105 days with four treatments viz., cassava waste, cassava starch, cassava waste+ cassava starch and
control, replicated thrice and statistically randomized with Tiger shrimp, Penaeus monodon (1.71 g). The
following water quality parameters — pH, salinity, dissolved oxygen (DO), total ammonia nitrogen (TAN),
nitrite nitrogen (NO,-N); microbial parameters in water and sediment — total heterotrophic bacteria count
(THBC) and total vibrio
count (TVC); proximate - — - — -
composition, fibre (Bloremedlatlon of nitrogenous metabolites in brackishwater aquaculture)
fractionation, carbon,

hydrogen, nitrogen and ‘

sulphur content in cassava - - - —
waste and cassava starch ( Selection of suitable agrowaste by product substrate for bioremediation )

were analyzed. The growth
of shrimp was also studied. ‘
Results: Shrimp growth | Yard experiment with substrates |

was significantly high (p<

0.05) in cassava waste ‘ ‘ ‘
(11.12 g) treatment followed

by cassava starch (104 g), Cassava starch Cassava waste
cassava waste + cassava +
starch (9.8 g) and control Cassava starch
(8.02 g) at the end of the

experiment. Cassava [Parameters studied |

waste, cassava starch and
combination of both

significantly decreased the Physico- Microbiological Shrimp growth
concentration of metabolites :

d had hiah heterotrooh chemical parameters
ana haa high heterotropnic parameters of of water &
bacterial population and low )
total vibrio count compared water - pH sediment -
o control DO, Salinity, THBC, TVC

' TAN, NO,- N

Interpretation: I.t. was Cassava waste, cassava starch & combination of both - reduced
concluded that addition of

cassava waste had positive nitrogenous metabolites, low TVC and enhanced shrimp growth
effect on bioremediation of ‘

nitrogenous metabolites,
enhancing the growth of
shrimp.

Cassava waste is a suitable substrate for bioremediation of
nitrogenous metabolites and enhanced shrimp growth
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Introduction

Aquaculture is the fastest booming sector and its output
will increase by 35% in 2022, whereas the capture fisheries can
rise only to 5%. Aquaculture will contribute 53% of total food
consumption sector in 2022 to meet the demand of the growing
world population (OECD-FAO, 2013). Intensive aquaculture has
resulted in increased concentration of metabolites viz.,
ammonia,nitrite and sulphide due to accumulation of uneaten
feed and excreta at bottom of the pond. The metabolites level
must be controlled to maintain good water quality for better
survival, growth and production of aquatic animal as well as to
reduced the concentration of metabolites in the discharge water.
There are various methods to remove or control the metabolites in
recirculation aquaculture systems viz., rotating biological
contractors, filters (trickling, bead filters and fluidized sand filters).
There are technologies like periphyton and biofloc which help to
maintain good water quality in grow out ponds, as well as serve as
cheap feed source (Crab, 2007).

Cassava waste and sugarcane bagasse are the agro-
industrial waste used as raw materials for the production of value-
added products and chemicals (Pandey et al., 2000a and 2000b).
Earlier studies indicate that agro-industiral wastes, for example
sugarcane bagasse and coconut husk, could efficiently remove
ammonia from shrimp farm effluents (Krishnani et al., 2006a and
Parimala et al., 2007). These agro waste products are the locally
available cheap carbon source that serve as nutrient for growth of
heterotrophic bacteria and reduce toxic inorganic nitrogen levels.
Cassava waste is a fibrous residue, biodegradable substrate,
which provides better surface for attachment of periphyton and
probably nutrients through microbial decomposition. Addition of
carbonaceous substrates viz.,cassava meal, bagasse and
molasses not only helps in controlling toxic inorganic nitrogenous
metabolites (Bosma and Vergedem, 2011), but also improves the
water quality by reducing the excess of total ammonia nitrogen
(Hari et al., 2004). In light of the above, the present study was
conducted to evaluate the efficiency of cassava waste with and
without carbohydrate addition (cassava starch) for
bioremediation of metabolites and shrimp growth performance.

Materials and Methods

Agro-waste by products and processing of materials :
Cassava waste and cassava starch was procured from Sago
factory at Kalangani, Nammakkal, Tamilnadu. Cassava waste
was soaked in seawater, sundried and kept in oven at 72°C for 30
min. Cassava waste and cassava starch were packed in airtight
containers until further use.

Experimental setup : Experiment was conducted in the wet lab
at Experimental Station of ICAR-Central Institute of
Brackishwater Aquaculture (CIBA), Muttukadu. Yard experiment
was conducted in 500 | fibre reinforced plastic tanks with juvenile
stage of Tiger shrimp, Penaeus monodon (1.71 g) for a period of
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105 days with four treatments viz., cassava waste , cassava
starch, cassava waste+cassava starch and control, replicated
thrice and statistically randomized. Shrimp for the experiment
were procured from shrimp hatchery at Muttukadu, operated by
Crustacean Culture Division of CIBA. Brackishwater salinity of 30
ppt used for the experiment was obtained from Bay of Bengal
located adjacent to Muttukadu Experimental Station of CIBA.
Tanks were filled with brackish water of 30 ppt salinity and with soil
base up to the level of 5 cm. The tanks were kept for a period of 11
days for stabilization of the system. Cassava waste was added on
12"day @166g m*in a mesh cloth and hung in the tank from top.
Tanks were kept at ordinary environment temperature for another
18 days (12"to 30" day) for the growth of periphyton / biofilm on
the cassava waste substrate. Juvenile stage shrimp were stocked
on 30" day@8nos m?in each tank. Cassava starch was added @
0.62 kg kg" of feed. Feeding was done @10% of shrimp body
weight. Cassava starch was added by mixing itin a beaker of tank
water and distributing over the water surface. Aeration was
provided continuously and 30% water exchange was done once
in a week. Cassava waste material replacement was done on the
60" day of the experiment.

Collection of samples and analysis : Water and soil samples
were collected on zero (initial), 30", 60", 90"and 100" day of the
experiment for the analysis of physico-chemical properties of
water viz., salinity, pH, dissolved oxygen, total ammonia nitrogen
and nitrite nitrogen (NO,-N)) as per standard methods (Strickland
and Parsons, 1972; APHA, 2012); total heterotrophic bacterial
count (THBC) (0", 30", 60"and 90"day) and total vibrio count
(TVC) (60" and 90" day) in water; THBC ( 30", 60" and 90" day)
and TVC (60" and 90" day) in sediment (Gilliland et al., 1976;
Austin, 1988) were estimated. The proximate composition and
fibre fractionation analysis of cassava waste and cassava starch
were done as per the standard procedures (AOAC, 2000).

Ascertaining the toxicity of cassava waste and cassava
starch for hydrocyanic acid: There was an apprehension about
the use of cassava byproducts, cassava waste and cassava
starch due to the presence of hydrocyanic acid (HCN) in it, which
may leach in the water when applied. To ascertain this, raw
cassava waste and cassava starch were soaked in 100 | fibre
reinforced plastic tanks filled with 34 ppt water and analyzed the
experimental water and substrate samples from the experimental
tanks for toxicity of HCN at different time intervals (24, 48, 72 and
96 hrs) as per standard procedure (AOAC,2000)

Statistical analysis: ANOVA was used and the difference
between treatments means was compared by Duncan's multiple
range test using SPSS 16.0 software package (SPSS Inc.,
Chicago, IL, USA).

Results and Discussion

Proximate composition, fiber fractionation and carbon,
hydrogen, nitrogen, sulphur of cassava waste and cassava starch
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were done. Nitrogen free extract (soluble carbohydrate starch and
sugar) was higher in cassava waste (75.5 %) than sugarcane
bagasse (42. 4 %, Salman et al., 2011). Lignin, a less degradable
constituent by microorganisms was less in cassava waste (1.4 %) as
compared to sugarcane bagasse (12.63 %, Sukumaran and
Seshadri, 2009) which makes its application easier without any
pretreatment. Fibre content in the cassava starch was not detectable.

Hydrocyanic acid was not detected (detection limit of 0.02
mg I') in water and substrate samples of experimental tanks at
different time intervals (24, 48, 72 and 96 hrs). The raw materials
were prepared by soaking, sun drying, oven drying and the
unprocessed samples did not contain HCN level higher than 0.02
mg I". Further, it was safe to conclude that toxicity due to
hydrocyanic acid might not be a serious problem as safe level of
HCN recommended in cassava food by Codex Alimentarius
Commission of FAO/WHO, (1988) was as highas 10 mgI”. In the
present study, sample preparation by soaking, sun drying and
oven drying might have removed maximum HCN. These results
are in confirmation with the reports of Lukuyu et al., 2014.

Water quality parameters like pH, dissolved oxygen and
salinity, reported in the present study did not show significant
difference among treatments during the study period and were
within in the normal range for shrimp growth (Ferreira et al., 2011).

Total ammonia nitrogen reduced significantly on 30" day in
experimental tanks provided with cassava waste alone (0.19 mg ")
followed by cassava waste + cassava starch (0.21 mg ") (p<0.05)
when compared control (0.42 mg I). Similar trend was observed
on 60" and 90" days of the experiment (cassava waste -0.28 and
0.30 mg I" followed by cassava starch -0.37 and 0.36 mg I" and
cassava waste + cassava starch -0.45 and 0.44 mgl", compared to
control 0.57 and 0.90 mgl”, respectively). On 100" day of the
experiment cassava waste registered low total ammonia nitrogen
level (0.24 mg I") compared to control (0.93 mg ). Hence, among
the treatments cassava waste followed by cassava starch and
cassava waste+cassava starch showed comparatively lower total
ammonia nitrogen (Fig. 1a).

Nitrite nitrogen on 30" day of the experiment recorded
significantly (p<0.05) low values in treatments with cassava
waste (0.028 mg I") followed by cassava waste + cassava starch
(0.031 mg I'), compared to control (0.045 mg I"). Similarly low
levels of nitrite nitrogen levels were noted on 60" day and 90" day
ofthe experiment in cassava waste (0.17 and 0.18 mg I") followed
by cassava starch (0.19 and 0.35 mg "), cassava waste+cassava
starch (0.26 and 0.58 mg I"), respectively compared to control
(0.46 and 0.69 mg I"). Further, similar trend was seen on 100" day
of the experiment with lowest nitrite nitrogen levels in cassava
waste (0.34 mg I") and other treatments, compared to control
(0.87 mg I ). Hence, the treatments cassava waste, cassava
starch and cassava waste + cassava starch showed
comparatively low nitrite nitrogen (Fig. 1b).
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The trend of decreasing metabolites in the present study
agrees with the findings that addition of carbohydrate and
periphyton substrates lowers the nitrogenous metabolites
(Asaduzzaman et al., 2008; 2009; Arnold et al., 2009). Further,
addition of glucose, cassava meal cellulose powder, tapioca
starch, molasses and tapioca flour in the fish, shrimp and prawn
ponds were reported to enhance the water quality (Avnimelech,
1999; Hari et al., 2004; Buford 2004; Asaduuzzaman et al., 2008).
Addition of these sources increases the microbes assembly and
at the same time the nitrogenous metabolites (Total ammonia
nitrogen and nitrite-N) were controlled (Bosma and Vergedem,
2011). Taken together, the present study indicates that the
addition of cassava waste can significantly lower the nitrogenous
metabolites levels in a similar way.

Treatments cassava waste+cassava starch, cassava
waste and cassava starch showed comparatively high total
heterotrophic bacteria count (THBC) in water (Fig. 2a). THBC
among the treatments ranged from 2.25 to 2.4 x 10 CFU ml" on
zero (initial) day of the experiment, whereas on 30" day of the
experiment significantly (p<0.05) high THBC (x10* CFU ml”) in
water were observed in treatments with cassava waste (15.7)
followed by cassava waste + cassava starch (12.55) and cassava
starch (6.9) compared to control (6.61). However, cassava waste
+ cassava starch showed higher THBC (in x 10°CFU mI") values
on 60" day of the experiment (26.75) followed by cassava waste
(25.3) and cassava starch (22.05) compared to control (9.75).
Similar trend of higher THBC in x 10° CFU ml” was observed on
90" day of the experiment in cassava waste+cassava starch
(42.7) treatment followed by cassava waste (34.6) and cassava
starch (33.5) compared to control (14.1).

The sediment values of THBC values on 30" day of the
experiment (in x 10° CFU ml”) was significantly (p<0.05) high in
treatment with cassava waste (24.1) followed by cassava waste +
cassava starch (23.5) and cassava starch (9.8) compared to
control (9.2). Similar trend was recorded THBC (inx 10°CFU ml")
on 60" day and 90" day; cassava waste + cassava starch (40.7
and 53.4 respectively); cassava waste (354 and 48.5
respectively); cassava starch (25.5 and 41.5 respectively
followed by control (20.1 and 29.3 respectively). Taken together,
treatment with cassava waste + cassava starch, cassava waste
and cassava starch showed comparatively high THBC (Fig. 2b).

Addition of carbonaceous materials with higher nitrogen
free extract helps to increase heterotrophic bacterial count and
hence control of metabolites (Avnimelech, 1999; Hari et al.,
2004). In the present study, an increase of THBC in water and
sedimentin the treatment groups at 60 and 90 days was observed
in cassava waste + cassava starch followed by cassava waste
and cassava starch and they utilized the nitrogen, reduced the
metabolites concentration and maintained the water quality
compared to control. Addition of carbonaceous substrate were
found to stimulate the bacterial growth (Avnimelech, 1999) and
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Fig. 2: Effect of treatments on total heterotrophic bacteria and total vibrio count in (a) water and (b) sediment

Azaduzzaman et al. (2010) reported increased THBC in water,
sediment and substrate due to addition of tapioca starch. Further,
an increased microbial assembly was reported by the addition of
molasses and cassava meal (Bosma and Vergedem, 2011);
tapioca flour (Hari et al., 2004); raw fiber and dried bagasse fibers
(Krishnani et al., 2006b). In addition, bagasse efficiently removed
the total ammonia nitrogen (Krishnani et al., 2006a) and nitrite
nitrogen from shrimp farm waste water (Krishnani et al., 2006b)
may be due to the periphytic bacterial growth. Taken together, the
increase in bacterial growth may reduce the ammonium
concentration by nitrogen uptake for its growth and it reduces the
metabolite concentration in the water (Crab et al, 2007).
However, Patil et al. (2016) reported low THBC in water than
sediment.
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The treatments with cassava waste, cassava waste +
cassava starch, cassava starch showed comparatively low total
vibrio count in water (Fig. 2a).The TVC of water (in x 10°CFU ml”)
on 60" day of the experiment registered significantly (p < 0.05) low
in treatment with cassava waste (3.5) followed by cassava waste
+cassava starch (3.9), cassava starch (4.7) compared to control
(7.3). Similar trend was observed for TVC of water in x10°CFU ml”
on 90" day of the experiment in different treatments (cassava
waste -4.2; cassava waste + cassava starch -4.5; cassava starch
-5.4 compared to control-11.1).

Alow vibrio count in sediment (in x 10* CFU ml") on 60"
day of the experiment was registered with cassava waste +
cassava starch (6.5) compared to control (15.1). Similar trend
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was observed for TVC of sediment (x 10° CFU ml") on 90" day of
the experiment (cassava waste - 9.3 followed by cassava waste +
cassava starch - 13.2, cassava starch - 15.1 compared to control -
23.7). Taken together, the treatments cassava waste, cassava
waste+cassava starch and cassava starch showed
comparatively low TVC in sediment (Fig. 2b).

A low vibrio count in the treatments may be due to the
establishment of beneficial microorganisms replacing the
disintegrating or undesirable microorganisms (Boyd and Gross,
1998). The pathogenic organisms growth was slowed down in
response to the increase and competition of the beneficial
microorganism thereby stable and healthy environment was
provided to the growth of animals (Zhou et al., 2009). Crab et al.,
(2007) reported heterotrophic microbial biomass impact on
controlling the pathogenic bacteria. Hence, a low vibrio load
reported in the present study with cassava waste treatment might
be due to the establishment of beneficial microorganisms
compared to control.

The mean average weight of shrimp reported at the end of
experiment was significantly (p< 0.05) high in the treatment
groups with cassava waste 11.12° g followed by cassava starch
10.4° g, cassava waste + cassava starch 9.8° g compared to
control 8.02° g. The enhanced growth in the cassava waste,
cassava starch and cassava waste + cassava starch treatment
group might be due to the maintenance of good water quality and
healthy environment by the reduction of metabolites (total
ammonia nitrogen, nitrite-N), high THBC and low TVC in water
and sediment.

Cassava waste inclusion might have stimulated
formation of biofilm with beneficial microorganisms formation on
its submerged surface and contributed for increased shrimp
growth. These findings are in agreement with the report of Bosma
and Vergedem (2011) and Arnold et al. (2006) using artificial
substrate in a study with Penaeus monodon. Further, similar
findings were observed in the intensive culture of Litopenaeus
vannamei with substrate addition (Bratvold and Browdy, 2001;
Moss and Moss, 2004). In conclusion, cassava waste as a
substrate has the potential for bioremediation of metabolites and
enhanced growth of Tiger shrimp, Penaeus monodon.
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