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Determination of Maximum Residue Levels (Mrls) Of Lambda-Cyhalothrin (Karate 1.75
Ec) and Pre-Harvest Interval (Phi) on Tea in Kenya

Emily C. Chesharit Vincent Sudoi2 Ward J. Mavura3 John K. Wanyoko#
1 Department of Chemistry and Biochemistry, Laikipia University, Box 1100 -20300, Nyahururu
2 Department of Environmental Biology, University of Eldoret, Box 1125-30200 Eldoret.
3 Department of Chemistry, Jomo Kenyatta University of Agriculture and Technology, Box 62000-00200 Nairobi
4 Department of Biochemistry, University of Eldoret, Box 1125-30200 Eldoret

Abstract
Globally, 1031 species of arthropods are associated with the intensively managed tea. All parts of the plant, leaf,
stem, root, flower, and seed, are fed upon by at least one pest species, resulting in an 11%-55% loss in yield if left
unchecked, hence the need for use of pesticides. With climate change and increasing temperatures the need is
greater. Lambda-cyhalothrin is an insecticide currently registered and used in Kenya for control of several insect and
mite pests in diverse crops. This study established residue levels for lambda-cyhalothrin in fresh tea leaves, black tea
and brewed tea. The study evaluated the effect of tea preparation procedures on pesticide residue levels in tea and
monitored the decline of pesticide residues under normal harvest time intervals. The samples were collected at
various intervals after application of the pesticide at maximum proposed application rate of 3.0 Lha? (i.e. worst-
case conditions allowable) according to instructions on the label. The study was carried out at Timbilil estate of Tea
Research Foundation of Kenya in Kericho. Extraction of lambda-cyhalothrin from Karate treated samples was
accomplished using 50% acetone in hexane. Analysis of the samples was done by Gas Chromatography (GC). The
pesticide residue concentrations in the tea samples were calculated using the power curve fit; y = bx™. Results show
that the levels of the pesticide residues decrease with increase in the pre-harvest interval days. The processing and
brewing of tea appear to affect the residues of lambda-cyhalothrin most significantly. The residue levels from the
study were lower than the maximum residue levels (MRLs) allowed within the European Union. Therefore, if this
pesticide is used according to the established pattern it will pose no risk to the consumers of tea.

Key Words: Residue levels, lambda-cyhalothrin, PHI, MRLs Tea, Kenya

INTRODUCTION

Pesticides have continued to be of interest to toxicologists, biologists, ecologists, agriculturalists
and analytical chemists due to their inherent toxicity. Analytical chemists have devoted time to
research the specific area of analytical chemistry of pesticides (Moye 1981). With development
of chlorinated hydrocarbons and their widespread use in agriculture it became apparent that
residues in food were important and thus the study of pesticides in food is a major component in
pesticide development. Each crop or food product for which a pesticide is registered must be
analyzed for residues and a tolerance established (McEwen and Stephenson, 1979). In the recent
years pesticide use has increased tremendously in Kenya, Sudan, Tanzania, Zimbabwe,
Cameroon and Ivory Coast. These are countries that engage in high valued cash crop production
such as floriculture, coffee, tea, cocoa, and cotton. Although tea in Kenya has been relatively
pests and diseases free compared to for example, tea in India or Sri Lanka, serious outbreaks
have sporadically been reported. Consequently, measures to control both pests and diseases have
been reported. Numerous people commented on the association between increasing temperatures
and the prevalence of pests and diseases, an issue of increasing importance to Kenya. Past years’
unpredicted and unprecedented pest infestation in Rwanda was seen as a warning of what could
happen in Kenya, where the tea mosquito bug (helopeltis spp) has recently appeared (Adaptation
Workshop, 2011).

Pesticides in the developing countries are mainly available in conventional formulations such as
dust, wettable powder, emulsifiable concentrates, solutions, etc. Such conventional formulations
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pose problems relating to environmental protection, leaving residues in the ecosystem, food,
finished products, etc. (United Nations Industrial Development Organization, 2009).

When pesticides are applied to food crops they degrade through chemical and biological
processes at a rate determined by the nature of the chemical and plant surface or soil in which the
pesticide is placed. Therefore pesticide residues may not be present as the parent compound.
Many pesticides may form metabolites that are as persistent as or more persistent than the initial
chemical. This fact is recognized in establishment of tolerances and acceptable daily intake
(McEwen and Stephenson, 1979). Lambda- cyhalothrin has short persistence in soil and lacks
systemic effect (Pesticide residues in food, 1986).The main concern in the study of pesticide
residues in food is to ensure safety of the food supply. It is reported that pesticides can cause
allergies and asthma like symptoms and can affect body organs such as the liver, kidneys, and
the nervous system.

The problem of residues in food has been addressed at an international level through committees
sponsored by United Nations. Acceptable daily intake (ADI) has been established for a number
of pesticides and presented with suggested tolerances in a series of annual reports of joint
FAO/WHO meetings (McEwen and Stephenson., 1979). It was therefore important to carry out
this research so as to establish what maximum residue is likely to be present in fresh tea leaves,
processed tea, and brewed tea, when pesticides are used in a manner effective for pest control. In
this study, field trials were set up to estimate pesticide residue levels in fresh, black and brewed
tea for Karate, a broad-spectrum synthetic pyrethroid for control of foliar insect pests. Reports
have shown that normal methods of food preparation significantly reduce pesticide residues
(McEwen and Stephenson., 1979). Tea as a product undergoes various preparations from the
fresh leaf to the black brewed tea for consumption. The extent of such effects varies with the
pesticide residues and the nature of food product. The importance of these procedures in
reducing pesticide residues will be established by comparing residue levels in fresh tea leaves,
black tea and brewed tea.

Tea is susceptible to a number of insect and mite pests. Therefore application of pesticides such
as Karate for control of the pests in tea such as thrips, aphids, and weevils is necessary. Karate is
a broad-spectrum synthetic Pyrethroid insecticide used for control of biting and sucking pests in
crops. It has a high level activity against a wide range of insects and it also has miticidal activity.
The compound has a quick knock down and repellency effect through contact, residual and
stomach activity. The chemical is relatively stable to degradation in sunlight; hence it is used as a
practical tool in agriculture. Treatments of karate are effective against major pests such as boring
caterpillars or leaf miners. Application should be done when insects are noticed and a spray
interval of seven days observed depending on the amount of rain and pest infestation. A
programme of sprays is usually required particularly during more active growth stages of the
plant. Karate is applied at a maximum rate of 3.0l/Ha to mature tea bushes with shoots.

Karate is a pesticide that is foliar sprayed on tea for protection against pests such as boring
caterpillars or leaf miners, mites, aphids, whiteflies, thrips and diamond back moth. Karate is
commercially available in emulsifiable formulations. It occurs as a 1: 1 mixture of two
enantiomeric pair of (S)-a-cyano-3-phenoxybenzyl Z- (1R, 3R)-3-(2-chloro-3, 3, 3-
trifluoropropenyl)-2, 2-dimethylcyclopropane carboxylate and (R)-a-cyano-3-phenoxybenzyl Z-
(1S, 3S)-3-(2-chloro-3, 3, 3-trifluoropropenyl)-2, 2-dimethylcyclopropane carboxylate. It
contains approximately 90% lambda cyhalothrin and small amounts of other cyhalothrin isomers.
Lambda-cyhalothrin the active ingredient has the chemical formula C2sH19CIFsNOs and
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molecular weight of 449.9 and the technical material is a viscous, oduorless, liquid. It is
insoluble in water but soluble in a range of organic solvents. The structure of the two
enantiomeric pairs is given below

2 L

0
>=CH H || o 0
(l

N / o
W < c> C\o\/ :
= ¢
CHy
(S) (2)-(IR)-Cis- (S) (2)-(1S)-Cis-

Figure 1: Structure of Lambda-cyhalothrin (Tomlin, 1997)
Most synthetic pyrethroids have a- Cyano 3- Phenoxybenzyl or a 3-Phenoxybenzyl group as the
alcohol moiety and produce 3-phenoxybenzoic acid (PBA) as the ester cleavage metabolite
Therefore Lambda-cyhalothrin metabolises to 3-Phenoxybenzoic acid (PBA). A study on
thirteen synthetic Pyrethroid insecticides and their ester cleavage metabolite PBA in tea indicate
residues of the pyrethroids were found but no 3- Phenoxybenzoic acid (PBA) were detected
(Tsumura et al, 1994). Therefore the study analyzed the residues of the parent Pyrethroid
Lambda-cyhalothrin only.
Residues of this pesticide could reach and affect consumers of tea. Therefore it is necessary to
determine the levels of residues likely to appear in drinking tea. In carrying out this endeavor, it
was necessary to determine pesticide concentration levels at different stages of tea preparation.
This ensured that it was possible to determine the effect of processing on residue levels in tea.
This study is also necessary in order to ensure correct use of pesticides on tea in terms of
application rates and Pre- Harvest Interval and to permit circulation of tea in the world markets
even though they are treated with pesticides as long as the residues comply with harmonized
MRLs. More so, it is to ensure that pesticide residues if any remaining in tea are of acceptable
levels so that there are no health risks to the consumer. Plant residues are isolated by liquid-
liquid extraction (LLE) because they contain water, plant pigments, lipids, proteins, essential oils
and waxes. A comparison of the various isolation and cleaning techniques for pesticide residue
analysis show that LLE has a good isolation effect and it is universal for food and plant
materials. Florisil column chromatography has a good isolation effect and very good cleaning
effect for plant materials. Acetone has been used in LLE of synthetic pyrethroids in tea leaves.
Classical LLE offers a wide choice of organic solvents for effective analyte isolation from the
sample e.g. pure acetone, methanol or their mixtures with medium polar organic solvents are
often used for extraction of various pesticide residues from biological matrix (Tekel et al., 2001).
Residue data are required for samples of made tea in the world markets. EU and FAO/WHO
require producing countries to do field trials to determine the maximum residue levels under
their environments. These field experiments must reflect the proposed pesticide use with respect
to formulated products, dilutions and rates, modes, number and timings of applications. Enough
plots should be set out to permit sampling at intervals after the last application of Karate such as
0, 7 and 14 days so as to establish appropriate pre-harvest interval. Pre-harvesting interval is the
period which must be left between application of a pesticide in the farm and the harvesting of a
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crop. This is to ensure that pesticide residue on the crop becomes within acceptable and safe
limits for human use (Al-Agha et al., 2005).

Methodology

The field experiment conducted in Timbilil estate in Tea Research Foundation of Kenya Kericho.
It constituted two replicate Karate 1.75EC treated plots and one untreated control plot.
Application of Karate was done at a rate of 3.0ml Karate 1.75 E.C per litre of water. No physical
crop maintenance practices such as tilling, hoeing or pruning was carried out during the period of
the study. The application was made to mature tea leaves as new growth appeared at the
beginning of the dry season in Kericho. The application was made using a knapsack sprayer with
a hand held boom as is typical commercial practice. The rate of application was done at the
maximum proposed rate, intended to be a worst case treatment pattern to be used in Kenya.
Sampling of leaves for residue determination was done 0, 7 and 14 days after application so as to
establish the pre-harvest interval. This was to ensure that pesticide residue on the crop was
within acceptable and safe limits for human use. Typical local practice were used in the harvest
of tea samples including plucking with bare hands, use of rubber aprons, use of net plucking bags
and ensuring plucking two leaves and a bud. Leaves were then transferred into plastic lined
residue sampling bags on site and transported to TRFK processing facility and laboratory for
weighing.

Fresh tea leaf samples, Black Tea Processing and Brewed Tea Preparation

Small fresh tea leaf samples not designated for processing were placed into a freezer at TRFK
laboratories until extraction. Black tea processing was performed in a miniature-scale tea
processing facility at the Tea Research Foundation of Kenya, Kericho. The process is designed to
simulate as closely as possible the commercial black tea processing procedure that is standard in
Kenya (Stefan, 1997). The tea processing includes withering which results in moisture loss.
Biochemical changes also occur within the leaf matrix. Enzymes begin to gradually ferment the
leaf material to add the complexity of Flavor and quality of tea. This is followed by leaf
maceration a step in which the cell structure of the leaf matrix is physically destroyed to allow
fermentation to occur by a process of crush, tear and curl (CTC). This process allows air to
circulate into the tea matrix, where oxygen works with enzymes from the plant cells to ferment
the entirerity of the matrix. Fermentation or oxidation is a process by which tea quality is
achieved. The macerate leaf is placed in several trays whereby humidified ambient air is blown
between the trays in order to supply oxygen to the fermentation reaction and also dissipate heat
that is generated by the exothermic reaction. Tea drying terminates the fermentation process. The
tea is considered dried at moisture content of approximately 2.5 to 4%. Brewed tea was prepared
by weighing 20 g of black tea into a flask then 300 mL of boiling distilled water was added. The
contents of the flask were allowed to stand for 5 minutes. The liquid portion was filtered through
a filter paper into another flask. Another 300 mL of boiling water was added to the solid black
tea remaining in the flask and allowed to stand for 5 minutes. The liquid portion was filtered into
the jar containing the first liquid portion. The sample was allowed to cool to room temperature
(Samantha and Dan, 1995) and the extraction was then carried out.

Sample Extraction

Hydration of the tea samples was done before extraction to ensure efficient extraction. The
Lambda-cyhalothrin extaction was done using hexane: acetone mixture with subsequent drying
with anhydrous sodium sulphate (Subbiah and Narayanan, 2009).
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Clean-up for lambda-cyhalothrin was conducted using open preparative chromatographic
columns packed with 10 g silica gel and 2 g anhydrous sodium sulphate (Na2SO4) placed on top
of the columns (Lina et al., 2010).

Calibration curves
Known concentrations of the pesticides were analyzed to generate a five point calibration curve
of the type stated below:
The Power curve fit: y=bxm (Samantha and Dan, 1995).
Where y = the detector response, peak height
b = yintercept
X = nanograms injected
m = the slope of the line
The standard concentrations were given in terms of nanograms injected for example if 2 pl of 0.1
ppm (0.1ng/ pL) was injected; this is equivalent to 0.2 ng.
The power curve was chosen because it gives all the concentrations as positive values including
those of peak heights lower than the y-intercept of the calibration line, which would otherwise be
given as negative concentration if a linear curve of the form y=ax + b is used.
Secondly, the rate at which the concentration changes is not constant because the factors
responsible for the change are continually changing. These factors include plant growth, sunlight
intensity and amount of rainfall. In cases where data do not follow a linear trend, an exponential
or power curve fit is used (Frank and Kenneth, 1969).
Calculation of concentrations
The sample peak heights from chromatograms were used in the standard equation obtained to
calculate the nanograms found for each sample. The Pyrethrins in all calculations were listed as
ppm Pyagro. The ppm of the pesticides was determined from the nanograms found from the
calibration equation using the following steps:
g-final weight = g-initial sample wt x mL-aliguot
mL-extraction solvent
(ng/mg) ppm = AxBxC
D xE
A =ng- found
B =final volume, uL
C
D

= dilution factor
= uL- injected
E =final weight, mg
After obtaining the concentration of each sample, the mean concentration of each triplicate was
determined.

Fortification recoveries

Analytical procedures are validated by fortification of control samples, results within the
standard range of 70 % to 120% show acceptable accuracy (Stefan, 1997). Percentage recoveries
of fortified control samples were calculated using the equation

% recovery =ppm found in fortified sample - ppm in control x 100

ppm fortification level

Treated sample residues were corrected upward using the percentage recoveries for each set of
samples.
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RESULTS AND DISCUSSION

Time of harvest and pesticide residue levels

Pesticides are generally lost by evaporation, photo degradation, rainfall and growth dilution. The
latter is a process where the pesticide present in the plant tissues spreads to new tissues as the
plant grows, leading to lower concentrations as the number of tissues increase. The
chromatograms of 0, 7 and 14-day samples for Karate and the decay curves reveal that the
pesticide residue levels decrease as the number of days after pesticide application increase
(Muraleedharan et, al 2003).

Residue decay curves

The residue decay curves given in figures 2 and 3 show the decline in the pesticide concentration
in the samples collected 0, 7 and 14 days. The figures show that the pesticides decay gradually
from the time of application. It shows decay in the fresh leaves, this decay is mainly attributed to
growth dilution, photo degradation and rainfall. Figure 3 show residues in black tea samples
which significantly lower than the residues of the respective fresh tea samples. The difference is
as a result of thermal decomposition during the processing of black tea due to high temperatures.

7 0.6
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<

Tdays 14days
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o o = N w SN

ConcentrationofLambda
cyhalothrin(ppm)
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Period in days after pesticide application Period in days after pesticide application
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>

Fig 2: Karate (Lambda-cyhalothrin)

Collected on 0.7 and 14 days after

Pesticide application Fig 3: Karate (Lambda-cyhalothrin) concentration
in black tea samples collected on 0,7 and 14 days
after pesticide application

Effect of processing on pesticide residue levels

Further degradation of pesticide residues takes place due to thermal decomposition during

manufacture of black tea, as the tea is exposed to high temperature. More so, during preparation

of brewed tea, pesticide residues contained in black tea are further degraded by high temperature.

The reduction of the pesticide residues due to processing are shown in figures 4 below. Pesticide

residues may leach into the brewed tea or remain in the spent tea depending on their solubility in

water.

Figure 4 shows a decline of pesticide residues as black tea is processed from the fresh leaf and as

brewed tea is made from black tea. On the day karate was applied, the pesticide residues decline

from 4.535 ppm in fresh leaf sample to 0.377 ppm in black tea. This is a percentage decrease of

91.7%. The residues in the samples collected 7 days after application of karate were found to be

significantly lower than for the samples collected on the day of pesticide application, for the
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fresh leaves the pesticide concentration on the day of pesticide application was found to be 4.535
ppm and 7 days after application the concentration was found to be 0.349 ppm, a 92% decrease.
The residue levels decrease further during processing from 0.349 ppm in the fresh leaf samples
t0 0.059 ppm in black tea (83% decrease).

The bar graph shows a steady decline of the already low lambda-cyhalothrin (Karate) residues in
the samples collected 14 days after pesticide application. The decrease from 0.194 ppm in the
fresh leaf samples to 0.026 ppm in the black tea, this is equivalent to 86.6% decrease.

The decrease of the residues as the fresh leaf is used in the manufacture of black tea can be
attributed to thermal decomposition due to high temperatures of about 120+ C during the
manufacture of black tea (Stefan, 1997). The decrease of the residues in the same matrix
harvested at different pre-harvest interval can be attributed to growth dilution, photo degradation
and rainfall (Muraleedharan et, al 2003).

No residues were detected in the brewed tea and this may be attributed to the insolubility of
lambda-cyhalothrin or decomposition and evaporation during brewing.

(vy-ﬂ
I
-

Concetration of Lambda-cyhalothrin

| . e

Predarnest nteralin dyps

Fig 4: Concentration of Lambda-cyhalothrin in Fresh, Black and Brewed tea after 0, 7 and 14
days after application of Karate

Conclusion

The residue levels shown in the residue decay curves and the bar graph show that application of
Karate in fresh leaves result in residues in the tea product and that tea preparation procedures
lead to reduction of pesticide residues in the tea product. The residues found in the tea after
application of the pesticide at maximum proposed rates indicate that the best time of harvesting
(pre-harvest interval) after pesticide application is seven days.

The Kericho trial site was representative of diverse tea growing areas in Kenya. Karate 1.75 E.C
is used in Kenya to control pests in tea. The treatment rate was intended as a maximum rate
proposed for use on tea in Kenya so as to represent a worst-case treatment. The application
parameters considered during the field trial may be proposed for use in Kericho.

Karate residues in the various tea matrices were higher than the method LOQ of 0.01 ppm,
except for some samples of black tea taken at 14 days after pesticide application and for all the
brewed tea samples that had no detectable residue levels.

Based on the results presented above; treatment of mature tea bushes with Karate 1.75EC
according to the intended use pattern tested in Kericho will produce no detectable residue levels
of Karate in brewed tea. Generally it will give low levels of Karate residues in fresh and black
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tea. The residues found in this study lie below the acceptable Maximum Residue Limits (MRLS)
of 0.1ppm in dried (black) tea established within the European Union (E.U). Thus karate if used
as recommended will pose no risks to the consumers of tea.

Recommendations
1. Plucking of tea should not be done before a period of seven days after spraying with
Karate
2. Spraying should be done after plucking so that a minimum safe period is always
maintained, that is before new shoots are available for plucking, which is approximately
seven to fourteen days apart.
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Abstract

An eight week study was carried out to determine the effect of substituting freshwater shrimps Caridenea niloticus
with 2 plant materials on the whole body composition and the hepatosomatic index in diets used to feed the Nile
tilapia Oreochromis niloticus in diets. Cassava leaves (CLM) and Boiled tea leaf residues (BTLR) were used to
replace freshwater shrimps from diets used to culture the Nile tilapia (Oreochromis niloticus L.). The study was
carried out in Sagana Aquaculture Centre both in aquaria set up in ahatchery and in hapas set up earthen ponds
where 10 post fingerling fish were used in triplicates. The following were used in the experiments: CLM in aquaria
(initial mean weight 10.90+0.649 fish; mean length 6.20+£0.25cm fish) and in hapas set up in fertilized earthen
ponds (initial mean weight 10.55g fish-1 mean length 8.17+0.23cm fish-t) and BTLR in aquaria (initial mean weight
12.36x1.1g fisht; mean length 8.43+£0.27 cm fish') and hapas (initial mean weight 10.98+0.75g fish* and mean
length 8.77+0.3 cm fish-t). Four (300g/kg) practical diets were formulated to contain 0%, 25%, 50% or 100% of the
test ingredient. The 0% test ingredient (Sagana diet) was used as the control and the performance of fish fed on the
other diets were compared to it. The diets were fed to fish in glass aquaria and in hapas in a pond at 10% of their

body weight in triplicates. Carcass chemical composition showed similar effect of diets on body moisture content at
25% CLM and 100% CLM in hapas. At 50% CLM the diets caused a significant (P<0.05) increase in the whole
body moisture level. Substitution up to 50% CLM showed similar effect on body moisture in fish cultured in
aquaria. 100% CLM significantly (P<0.05) increased whole body moisture, significantly (P<0.05) decreased whole
body crude protein and significantly decreased Hepatosomatic Indices (HSI) in fish grown in aquaria. HSI was
similar at 0% CLM, 50% CLM and 100% CLM but increased significantly (P<0.05) in hapas. The diet had the same
effect (P>0.05) on the whole body chemistry (moisture, total ash and crude protein) in the fish raised in hapas. In

glass aquaria total body ash increased (P<0.05) significantly with increase in BTLR inclusion. Crude protein
decreased significantly at 100% BTLR. The HSI was significantly (P>0.05) high at 100% BTLR in hapas, while in

the aquaria there was a significant increase in hepatosomatic index with increase in BTLR inclusion. The study
concluded that the two ingredients could be used with limited success in aquaria due to their effect on the O.
niloticus. However the ingredients can be used to replace freshwater shrimps from diets used to culture O. niloticus

in fertilized earthen ponds.

Key word: Oreochromis niloticus, whole body composition, hepatosomatic index

Introduction

Over the last 30 years, aquaculture has grown faster worldwide than any other animal production
sector (FAO, 2007). The average annual growth has been 10% compared with 3% in the cattle
industry and 1.6% in capture of aquatic species from natural environments (Garduno-Lugo and
Olvera-Novoa 2008). The strong growth in aquaculture has generated a consequent 30% annual
growth in the production of aquatic species feeds (Francis et al., 2001), and has made raw
material supply a continuous challenge in this industry. Tilapia species are used in commercial

farming systems in almost 100 countries (Fitzsimmons, 2000). Characteristics that make tilapia a
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suitable fish for culture include rapid growth rates, high tolerance to low water quality, efficient
feed conversion, ease of spawning, resistance to disease and good consumer acceptance (El-
Saidy and Gaber, 2005). Rapid growth of tilapia culture has stimulated the expansion of tilapia
feed production and a search for novel protein sources to replace animal proteins like fish meal
(Marion & Miguel, 2008). Plant or vegetable sources have given a lot of promise as alternatives
and equally their availability is assured in most fish farming areas of Kenya. Aquaculture has
been slow in its growth in Kenya since its inception. However there has been intervention by the
Government of Kenya’s (GOK) to increase aquaculture production through the Economic
Stimulus Package (ESP) in the 2009/2010 budget-1.1 billion or 8 million/constituency for the
creation of 200 fish farming ponds and covering 140 constituencies countrywide. This move
targeted, improvement of nutrition, creation of over 120,000 jobs and income opportunities for
citizens (Rothuis et al., 2011). As is the trend globally where aquaculture growth has generated a
consequent 30% annual growth in the production of aquatic species feeds and has made raw
material supply a continuous challenge in this industry, the situation in Kenya is that of poor fish
quality and quantity. The use of plant sources to replace animal protein has gained a lot of
attention in the recent past with relative degree of success. Despite the abudance of plant
ingredients, use in feed formulations can be limited because of their antinutritional components,
which can be grouped into three categories: (a) those affecting protein utilization and digestion;
(b) those affecting mineral utilization; and (c) anti-vitamins and toxic substances (Marion and
Miguel, 2008). Investigations on the effects of test diets on the whole body composition and on
the Hepato Somatic Indices (HSI) helps explain the biological availability of the ingredients and
also effects on the well being of the test fish. This study looked at the possible effects of the diets
on the whole body composition and the Hepatosomatic index which can give an indication of
lower digestability and poor food absorption respectively.

Materials and methods

The experiment was performed at the Sagana Aquaculture Center 90 Km northeast of Nairobi,
altitude 1230 m, latitude 0°39°S and longitude 37°12"E. The experiments were conducted both in
laboratory aquaria (dimension 0.45m x 0.3mx 0.3m; water volume, 60 litres), and upper open
end hapas dimension of (Im x 1m x 1m) installed in a single earthen pond. The aquaria were set

in a thermo regulated recirculating system, comprising a settling tank for solid removal and an
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anaerobic bio filter (tickling filter) to remove ammonia. Filtered and aerated bore hole water was
used in filling the tanks. The experimental pond was fertilized weekly at a rate of 20 kg N and 8
kg P ha-1 with Urea and diammonium phosphate (DAP), respectively, and limed once at 2500 kg
ha-1 with CaCOs at the beginning of the experiment. Key water quality parameters: temperature,
pH, dissolved oxygen (DO) and chlorophyll a were measured three times a week in the aquaria
and cage experiments. Dissolved oxygen was measured using model 57 oxygen meter (YSI
industries, Yellow springs, OH, USA), while a glass electrode pH meter, Hi-9024
microcomputer (Hanna Instruments Ltd., Chicago, IL., USA), was used to take pH
measurements. Chlorophyll a was determined as described in American Public Health
Association (APHA, 1995).

Experimental diet formulation and feeding practice

Boiled tea leave residues BTLR were sourced from hotels in Sagana town. Freshwater shrimp
meal (FSM) was purchased from Kisumu. Cotton seed cake meal (CSM) and wheat bran were
bought from animal feed stores in Sagana town. Cassava leaves were sourced from farms
surrounding Sagana Aquaculture Centre. Vitamin and mineral premixes were sourced from an
agrovet shop in sagana town. The composition of the vitamin and mineral premixes is shown in
Table 5. All ingredients were first dried then ground into fine powder before being subjected to
proximate analysis. The proximate composition of the ingredients was determined (as shown in
Table 1) for the purposes of formulating the diets. An analysis of crude protein, crude fiber, ether
extracts, ash and moisture content was done in triplicates, following the procedure by
Association of America Chemists (AOAC, 1995). Protein content of the diets was determined
using micro-Kjeldhal method, percent fat using ether extraction method, crude fibre by acid-
alkali digestion, ash by burning weighed samples at 600°C in a muffle furnace, and moisture by
drying samples to constant weight at 100°C (AOAC, 1995). Carbohydrate, estimated as nitrogen-
free extracts (NFE), was determined by subtracting the sum of crude protein, crude fat, ash and
crude fibre from the dry matter content NFE= 100- ( % protein+ % fat +% ash + % fibre).

Substitution with boiled teal leaf residues

The ingredients and proximate composition of diets are presented in Table 1. Boiled tea leave
residues were used to substitute the freshwater shrimp meal from the control diet. Four
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isonitrogenous diets were formulated to contain 30% crude protein (CP). The substitutions were
made at four levels 0 % (control) 25%, 50%, and 100% of the plant ingredient replacing
freshwater shrimps.

Table 1: Proximate composition of ingredients used in formulation of the BTLR diet:

Ingredient DM CP EE CF ASH NFE
BTLR 93.61+0.1 23.97+0.3 23.46x0.41 13.71+0.1 4.76+0.03  35.52+13.3
FSM 93.08+0.1 60.11+0.6 10.31+1.04 6.37+3.3 19.08+0.1 2.79+2.92
CSM 93.56+0.7 23.07+1.3 17.55+0.37 7.40+1.75 19.10+0.1 28.44+2.75
WB 94.43+0.3 19.39+0.7 9.28+0.27  12.95+2.92 3.98+0.1 48.83+2.75

The composition of the experimental diets is shown in Table 2 below. After the ingredients were
perfectly mixed, cold water was added with continuous turning over until the mixture became
suitable for making granules. The wet mixture was passed through a pelletizing machine. The
produced pellets were dried at room temperature for 3 days and then packed in plastic bags until
used. Fish were hand fed (as is basis) two times a day at 1000hrs and 1600hrs at 10% of live
body weight, weighed once every 2 weeks, and the daily ration adjusted accordingly. Sex
reversed O. niloticus male fingerlings were used for the feeding experiment. Prior to start of the
experiment all fish were acclimatized to the experimental conditions for two weeks and were on
the control diet during this period. The diets were allocated to the fingerlings held in the aquaria
(initial mean weight 12.36+1.1g fish-; mean length 8.43+0.27 cm fish') and in hapas (initial
mean weight 10.98+0.75g fish-1 and mean length 8.77+0.3 cm fish%) in triplicate. The feeding
experiment lasted 60 days.

Table 2: Formulation and proximate composition of diets formulated using BTLR as an ingredient .

Diets

Ingredients Sagana diet 25%BTLR 50%BTLR 100BTLR
FSM 12 9 6 0

CcLM 59 59 59 59

WB 28 28 28 28

BTLR 0 3 6 12
Vitprem 0.5 0.5 0.5 0.5
Minprem 0.5 0.5 0.5 0.5

Total 100 100 100 100
Proximate composition

Dry matter 92.35+0.30 93.5440.20 93.1440.93 93.88+1.27
CcpP 34.40+0.40 33.81+0.82 31.11+0.40 28.93+0.60
EE 14.59+0.60 14.55+0.68 13.09+0.19 14.25+0.50
CF 6.23+0.90 8.76+0.60 11.36+0.10 12.13+0.47
Ash 8.02+0.17 7.33+0.11 6.92+0.29 4.74+0.28
NFE 27.99+0.83 27.76+0.93 29.98+0.30 50.17+7.4

Substitution with Cassava leaf meal

Diets were allocated to the fingerlings held in the aquaria (initial mean weight 10.90+0.64g fish?;
mean length 6.20+£0.25cm fish?) and in hapas (initial mean weight 10.55g fish? mean length
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8.17+0.23cm fish'?) in triplicate. The feeding experiment lasted 60 days. Each aquarium and hapa
was stocked with 10 fish. The proximate values of used ingredients and the proximate
composition of formulated diets is shown in Tables 3 and 4 respectively

Table 3 Proximate composition of ingredients used to formulate diets with Cassava leaf Meal

Ingredient DM CP EE CF ASH NFE
CLM 92.80+0.10 23.67+0.10 7.7£0.70 17.1+1.80 8.7+0.10 35.40+3.50
FSM 93.08+0.10 60.11+0.60 10.31+1.04 6.37+3.30 19.08+0.10 2.97+2.92
CSM 95.56+0.70 23.07+1.30 17.55+0.37 7.40£1.75 19.01+0.10 28.44+2.75
wB 94.43+0.30 19.39+0.70 9.28+0.27 12.95+2.92 3.98+0.10 48.83+2.75

Table 4: Formulations and proximate compositions of diets formulated using CLM as an ingredient

Diets

Ingredients Control 25%CLM 50%CLM 1009%CLM
FSM 12 9 6 0

CSM 59 59 59 59

WB 28 28 28 28

CLM 0 3 6 12

VitPrem 05 05 05 05
MinPrem 05 05 05 05

Total 100 100 100 100

Proximate composition

Dry Matter 92.35+0.30 89.11+0.93 90.60+0.10 91.10+0.12
CpP 34.40+0.40 34.76+1.34 30.63+1.34 30.26+0.44
EE 14.59+0.60 8.05+0.10 6.58+1.55 9.13+1.08
CF 6.23+0.90 10.09+1.21 13.53+4.9 12.13+0.47
Ash 8.02+0.17 4.49+1.61 5.00£0.11 4.96+0.33
NFE 27.99+0.83 32.89+1.73 29.85+1.06 52.48+5.77

Table 5: Composition of vitamin and mineral premixes used in each formulated diets

Vitamin contents Mineral contents

Vitamin Content Mineral Content(mg)
A 5,000000U1 Copper sulphate 15

D3 1,000 000 Manganese sulphate 90

E 1,5001U Manganese iodide 300

Bl 600MG Zinc oxide 70

B2 2500MG Nicotinic acid 5500

B6 125MG Calcium pantothenate 5000
B12 75MG

K 1250MG
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C 200MG

Whole body chemical composition analysis and hepatosomatic index analysis
At completion of experiment 3 fish per treatment were sacrificed for whole body chemical

analysis. The fish were ground in a blender to get a homogenous sample and stored frozen at
20°C. Fish samples were analyzed for proximate composition according to AOAC (1995). The
fish were dried at 60°C overnight and ground to determine the dry matter (DM) content. The
crude protein (CP) was determined using the micro-Kjeledahel method (Nx6.25) (AOAC, 1995).
Ether extract (EE) was determined in soxhalet apparatus using petroleum ether (60-80°C). Ash
content was determined in a muffle furnace at 550°C for 3 hours according to AOAC (1995).
Three fish per treatment were also dissected carefully to isolate and weigh the liver. HSI was
expressed as the relationship between the liver weight and the whole body weight.

Data analysis

Data on fish performance, effect of the diets on the whole body chemical composition and the
effect of the diet on the Hepatosopmatic index (HSI) composition was analyzed by single
classification analysis of variance (ANOVA) using the methods described by Sokal & Rolhf,
(1981). When significance between means was demonstrated, Duncan’s multiple range tests
(Duncan, 1955) was used to identify means significantly different from each other. Differences

were declared significant at P<0.05.
Results

Results of the effects of the diets formulated using BTLR on the HSI and flesh proximate
composition are shown in table 6 and 7 respectively. Diets formulated using BTLR had the same
effect (P>0.05) on the flesh moisture for fish grown both in aquaria and hapas as shown in Table
6 below. The control, 25% BTLR and 50% BTLR treatments had the same effect on the HSI of
the fish in hapas. However the HSI was higher (F=7.993 d.f. =8 P< 0.05) at 100 % BTLR
inclusion. In the aquaria, there was a significant difference in the HSI between the 0% BTLR and
25% BTLR and 100% BTLR. However there was no significant difference in the HSI between
the 0% BTLR and 50% BTLR for fish grown in the aquaria. In aquaria the diets had the same
effect on the flesh crude protein (F=2.881, df=10, P>0.05) at 0%, 25% and 50% BTLR but had a
significant decrease at 100% BTLR to record a value of 14.07+£0.20%. The diets had the same
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effect on the flesh moisture content (F=0.923, df=11, P>0.05) in the fish raised in the aquarium.
There was a significant (F=23.30, df=8, P<0.05) decrease in flesh total ash with increase in
BTLR in aquaria.

Table 6: Effects of the diet on the whole body proximate composition and HSI of O. niloticus cultured in aquaria

Levels of substitutions of freshwater shrimps (FSM) with BTLR

Parameter Control 25%BTLR 50% BTLR 100% BTLR
Moisture 75.50%2. 728 74.45+0.937 74.98+1.247 73.04£1.927
Ash 5.1+0.102 5.0£0.502 5.3+0.102 5.6+0.302
HIS 0.48+0262 0.71+0.312 0.44+0.182 1.5340.28P

Values are means + standard deviation of 3 replicates. Means with same superscript are not significantly different at P>0.05

Table 7: Effects of the diet on the whole body proximate composition and HSI of O. niloticus cultured in hapas

Levels of substitutions of Freshwater shrimps (FSM) with BTLR

Parameter Control 25% BTLR 50% BTLR 100% BTLR

Moisture 7357x1.4 72.94+2.32 75.07£2.02 75.45+0.647
Crude protein 16.16+0.92 17.18+1.820 14.75+0.52 14.07+0.20°
Ash 5.3+0.052 4.9+0.072 5.8+0.15¢ 5.80+0.434
HIS 0.48+0262 0.71+0.312 0.44+0.182 1.53+0.28P

Values are means + standard deviation of 3 replicates. Means with same superscript are not significantly different at P>0.05

Effects of the diets on the whole body composition and HSI in aquaria is shown in Table 8 and 9
respectively. In hapas there was a significant difference (F=4.083, df=8, P<0.05) in the effect of
the diets on whole body moisture of O. niloticus. At 25% CLM and 100% CLM the diets had the
same effect on the whole body moisture content. At 50% CLM the diets caused a significant
increase in the whole body moisture level. In aquaria there was significant difference (F=2.664,
df=8, P<0.05) in the effect of the diets on the whole body moisture. Substitution up to 50% CLM
caused the same effect on the whole body moisture compared to the control. 100% CLM
substitution caused a significant increase in the whole body moisture. In aquaria increase in
CLM inclusion in the diets caused a significant (F=8.155, df=8, P<0.05) decrease in whole body
crude protein content. In hapas increase in CLM inclusion caused significant decrease in the
body HSI. In aquaria increase in CLM beyond 25% CLM caused significantly high HSI
(F=2.207, df=8, P<0.05).
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Table 8: Effects of the diet on the whole body proximate composition and HSI of O. niloticus cultured in aquaria

Levels of substitutions of Freshwater shrimps (FSM) with CLM

Parameter Control 25% CLM 50% CLM 100% CLM

Moisture 71.23+3.222 72.48+3.052 72.1640.372 76.53+2.252
Crude protein 27.82+0.392 28.04+0.352 29.88+1.072 24.67+2.33°
HIS 1.79+0.292 1.08+0.622 1.58+0.182 0.94+0.49>

Values are means + standard deviation of 3 replicates. Means with same superscript are not significantly different at P>0.05

Table 9: Effects of the diet on the whole body proximate composition and HSI of O. niloticus cultured in aquaria

Levels of substitutions of Freshwater shrimps (FSM) with CLM

Parameter Control 25% CLM 50% CLM 100% CLM
Moisture 72.97+1.722 75.34+1. 7% 76.58+0.76° 75.41+0.26%
HIS 0.51+0.342 1.65+0.382 0.85+0.79% 0.81+0.18%

Values are means * standard deviation of 3 replicates. Means with same superscript are not significantly different at P>0.05

Discussion

17

According to Joachim (2006) plant materials are digested to a lesser degree compared to those of

animal origin. This may be attributed to high fibre levels responsible for poor protein
digestibility, presence of suppressants, low palatability etc. In our study, diets formulated using
BTLR had the same effect on whole body moisture levels in hapas. A similar observation was
made in previous studies (Afuang et al., 2003) in a study carried out in aquariato test the
suitability of raw and methanol-extracted Moringa Moringa oleifera (Lam.) leaf meal to replace
10%, 20%and 30% of the total fishmeal-based dietary protein in tilapia feeds. The study did not

find significant effect on whole body moisture with increase in Moringa inclusion in the fish

diets. The results however are not similar to Garduno-Lugo and Olvera-Novoa (2008) who

reported increased whole body moisture while replacing fish meal with peanut Arachis hypogeal
leaf meal beyond 20%. The experimental environment was similar to the present study where the
fish were raised in a pond. The study also reported a decrease in whole body lipids and ash with
increased levels of peanut leaf meal in the diets. In the present study carried out in glass aquaria,
the diets did not have a significant effect on the whole body moisture, but an increase in
inclusion of dietary BTLR at 100% caused a decrease in whole body crude protein. There was
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however a decrease in flesh ash for fish in the aquaria with an increase in BTLR inclusion.
Moreso analysis done on the ingredients before formulation shows BTLR had less ash content
compared to the level in the freshwater shrimps. In aquaria the dietary BTLR caused a decrease
in whole body crude protein. A reduced level of whole body crude protein shows a tendency of
the fish to convert protein for the purposes of energy production. Low feed uptake in the
aquarium may have been a cause for this. There are several reasons which can affect chemical
composition of fish flesh. The chemical composition of the flesh can therefore be used to further
explain the performance of fish fed on diets formulated using plant materials as ingredients.
Despite its high level of crude fibre, Ibrahim and Al-Owafeir and (2004) , incorporated date pits
Phoenix dactylifera L and their Sprouts in semi-purified diets for Nile Tilapia O. niloticus (L.).
Ibrahim and Al-Owafeir (2004) concluded that incorporating date pits in semi-purified diets for
juvenile tilapia reduced fish growth and negatively influenced the proximate composition of the
fish. On the other hand the study found out that substituting corn starch with sprouted date pits at
15% of the diet did not result in a reduction in weight gain or shifts in proximate composition of
the fish. In the study, one condition exhibited use of un-sprouted date pits while the other
experiment used sprouted date pits. Results showed that inclusion of un-sprouted date pits
negatively affected the growth and proximate composition of the fish. This was not experienced
in diets with sprouted date pits. The study pointed out the high dietary level of nondigestible
carbohydrates in the feed as a likely reason for the poor performance in fish fed on un-sprouted
date pits. This was similar to results in other studies where the carp Cyprinus carpio L. fed
different dietary levels of date pits was used Ibrahim and Al-Owafeir (2004). The authors also
showed that total body fat increased and protein decreased as a result of replacement of bran and
barley mix (1: 1) with date pits. In a bid to overcome the high levels of high crude fibre content,
the study exposed the date pits to sprouting. lbrahim (2008) suggests that degradedation of date
pits using specific enzymes to convert the fibres to simpler forms of carbohydrate molecules may
increase utilization of the date pits by animals including fish.

In the present study, increase in CLM replacement of FSM in hapas led to an increase in the
whole body moisture content. The results are comparable to those in previous work (Garduno-

Lugo and Olvera-Novoa 2008) who reported an increase in the whole body moisture content

Journal of Science and Applied Technology (JSAT, 2013) Vol.1 No.1. ISSN 2309-1029



19

with an increase in inclusion of peanut leaf meal to replace fish meal from diets used to culture
O. niloticus. Fish cultured in glass aquaria and fed on 25% CLM and 50% CLM had similar
moisture levels as those fed on the control diet. The findings showed a similar trend with those of
a previous study (Al-dosari and Belal, 1999) where there was no significant difference in whole
body moisture contents when fish meal was replaced up to 40 % from O. niloticus diets with
sarliconia meal in glass aquaria experiments. The effect was similar on the whole body crude
protein values. Cassava leaves replaced up to 50% freshwater shrimps from diets used to culture
O. niloticus in earthen ponds. In glass aquaria or recirculating systems like concrete tanks
cassava leaves can only replace up to 25% of the freshwater shrimp meal. In the glass aquaria
increase in inclusion of cassava leaves led to a decline in fish growth performance. Results of our
experiment indicate the potential of the test ingredients are limited by their capacity for
biological availability.

Several investigation have been done to find out ways of overcoming biological unavailability of
ingredients of plant origin for diets formulated for the O. niloticus. Ibrahim (2008) found out that
by use of a cellulolytic fungus Trichoderma reesei that is efficient in producing large amounts of
different cellulase-degrading enzymes was one reasons for the high level of growth rates in O.
niloticus fed on degraded date pits (DPP). The degradation may have been responsible for the
increase of digestible carbohydrates (oligo and monosaccarides), which means that protein was
not used for the purpose of providing energy for to the fish but rather for flesh development. In
addition degradation may have acted to liberate nutrients blocked within date pits fibres which
would have led to more digestible nutrients from the DDP. Cao et al (2008) carried out
pretreatment of diets with microbial phytase to increase phosphorus availability for O. niloticus
from a plants ingredient. The study investigated effects of pre-treating plant ingredients
including soybean meal and a mixed plant meal of soy bean meal, wheat meal and corn glutten.
Results showed that addition of phytase and inorganic phosphorus to the basal diet significantly
increased the contents of ash, phosphorus and crude protein in the whole body of Nile tilapia,
while dry matter and lipid contents decreased significantly. This shows the importance of
phytase in making protein available hence increased levels of crude protein in flesh. A trend is
observed in the above results that, use of plant proteins or plant based ingredients without prior

treatment prevents uptake of important nutrients into the fish body. In results agreeing to the
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ones mentioned above Asraf et al., 2007 investigated the growth performance and feed
utilization of Nile tilapia O. niloticus Linnaeus and tilapia Galilae sarotherodon galilaeus L
fingerlings fed plant protein-based diets. The work shows that feeding fish with corn glutten
meal increased the values of whole body crude proteins and lipids. However in the same study
the lowest ash content was observed with diet containing extruded full fat soyabean meal. The
study points out the reduction of ash content can be as a result of presence of phytic acid which
reduces the availability of several minerals like calcium, magnesium, zinc, iron and phosphorus.
Mohsen and Mohammad (2009a) investigated use of live Spirulina (Arthrospira platensis) as a
growth and immunity promoter for, Oreochromis niloticus L., challenged with pathogenic
Aeromonas hydrophila. Results showed that Spirulina had a growth promoting influence on the
O. niloticus as was seen in optimum growth and feed utilization. Improved whole body protein

and lipid content were also related to the positive effects of the Spirulina.

Management of dietary protein during the growing period on growth performance, feed
utilization and whole-body chemical composition of O. niloticus L. has also been investigated
(Mohsen and Mohammad 2009b). In this study the contents of moisture, crude protein and total
lipids in whole-fish body were not significantly affected by protein management except ash
content, which was higher in the fish. The study suggested that nutrient digestibility and
deposition may not have been affected by protein management but they also added that protein
and lipid contents in fish body could be linked with changes in their synthesis, deposition rate in
muscle and/or different growth rates. Feeding rate can also have an impact on the proximate
body composition (Jamjun and Amararatne, 2005). Investigations show that body lipid increased
as well as moisture and ash percentages decreased with increased feeding rate. Studies have also
shown that there was a decrease in ash content when the body lipid content increased at higher
feeding levels of O. niloticus. Equally body protein content of experimental fish increases with

increase in feeding rate (Jamjun and Amararatne, 2005).

In addition to the methods used to improve biological availability of the nutrients studies have
also been carried out to show the importance of the encouraging natural feed production in
earthen ponds. Most farming of O. niloticus is done in earthen ponds. Use of formulated feeds

incorporating plant ingredients can only be successful under proper earthen pond conditions. A
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study by Ali and Mohamed (2002) sheds light on the importance of natural feed resources in
earthen ponds. In their study, effects of feeding rates on growth and production of Nile tilapia,
common carp and silver carp polycultured in fertilized ponds are investigated. Increased feeding
rates had either no effect or irregular effects on the percentages of protein and ash gains in the
fish body. Notably there was significant increase in percentages of fat and gross energy gains
accompanying linear decreases in percentages of moisture. The study related the increase in
percentage of fat gains in the body to increased ingestion. Unfed fish were found to have the
lowest percentage of fat and highest percentage of moisture in their flesh. This may have been as
a result of low fat and low energy contents of the pond natural food and organisms. Natural food
organisms contain low energy but are rich in protein (Ali and Mohamed, 2002), therefore fish
consuming only natural food have minimal fat and maximal protein accumulation in their bodies.
Supplemental feeding showed high percentages of fat in their bodies and lowest moisture gain.
However Azim et al., 2003 found no effects of density or substrate on proximate composition of
fish when they investigate the effects of periphyton substrate and fish stocking density on water
quality, phytoplankton, periphyton and fish growth. In this study the O. niloticus at harvest had
their ash content slightly higher while protein content was slightly lower. A study by Mario and
Miguel (2008) showed a change in body composition with replacement of fishmeal with peanut
leaf meal. The changes are noted with marked increased levels of peanut leaf meal. The study
showed an increase in moisture content at 30% Peanut Leaf Meal (PLM) inclusion however the
moisture was not higher than the moisture in fish at the beginning of the experiment. The study
also found similar results as those of previous study as with protein, fat and lipid levels. This
study argues that protein, fat and lipid levels decline with increase in plant protein replacement
levels due to lower digestibility and consequent lower nutrient availability in the diets with high
plant protein levels. The study by Mario and Miguel (2008) however concluded that the diets
formulated using peanut leaf meal had insignificant impact on the growth of the O. niloticus, and
suggested that the pond environment probably had a positive effect on the growth of fish. The
study described different culture conditions as those used in the present study where static ponds
were used in comparison to recirculating ponds used by Mario and Miguel (2008). Though their

study concluded that up to 20% substitution had no negative effects on growth of O. niloticus,
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the study recommends further research on the economic evaluation to determine the impact of
the substitution on the production costs.

The HSI of fish fed the BTLR-containing diets were noticeably the same but increased
significantly at 100%BTLR, as can be observed from the HSIs in hapas. The current study can
not explain the increase in HSI at 100% BTLR. However a possible lipid deposition in the liver
may have been possible leading to increase in the liver weights as a nutrient storage mechanism.
Afuang et al., (2003) associated lower nutrient availability and feed intake to low nutrient
storage hence linking it to reduced liver sizes.

Conclusion

The present study equally concludes that boiled tea leaf residues (BTLR) that are normally
thrown from kitchens as wastes can actually be used to substitute up to 50% of freshwater
shrimps from diets used to culture O. niloticus. In an intensive indoor production systems
replacement is impossible and led to decrease in growth performance with increase in inclusion
level. BTLR can therefore replace FSM in O. niloticus diets without negative effects on the
whole body composition or the HSI. On the other hand cassava leaves can replace up to 50%
freshwater shrimps from diets used to culture O. niloticus in earthen ponds. In glass aquaria or
recirculating systems like concrete tanks, cassava leaves can only replace up to 25% of the
freshwater shrimp meal. The study recommends for an economic evaluation study to determine
the impact of the substitution on the production costs for effective inclusion in O. niloticus
production at small scale level. It is also recommended that trials should be done using pretreated
BTLR and CLM to find out their potential in diets for O. niloticus.
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