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Using Earthworm, Eisenia fetida, to Bio-convert
Agro-industrial Wastes for Aquaculture Nutrition
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Herwig Waidbacher ¢

Agro-industrial wastes pose great economic and environmental hazards,
while the economic success of aquaculture is threatened by the
unsustainability of fishmeal use. The aims of the present study were to
bio-convert agro-industrial wastes through vermicomposting, and then
evaluate the potential of the by-products in promoting aquaculture
nutrition. Coffee husks (CH), barley wastes (BW), and kitchen wastes
(KW) were pre-composted and inoculated with earthworms, Eisenia
fetida, and then vermicomposted for 70 days under a controlled
environment. The vermicomposting by-products, i.e., earthworms and
vermicast, were amalgamated in the ratio of 1:5 into bedding and then
analyzed. There were neither earthworm mortalities nor significant
difference (P>0.05) in cocoons produced by E. fetida in all treatments.
The earthworms grown in KW attained the highest average weight gain of
27.8+0.7g, followed by CH (24.9+0.6g) and BW (24.8+0.7g). Earthworms
grown in CH and BW had significantly higher (P<0.05) nutritional
attributes. All experimental wastes produced vermicast with carbon and
nitrogen ratios within the preferred agronomic limit of 20. The nutritional
profile of the BW bedding was comparable with that of Caridina nilotica
meal and was within the recommended dietary requirements of fish. The
wastes can be bio-converted through vermicomposting into various forms
appropriate for providing aquaculture nutrition.
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INTRODUCTION

Agro-industrial wastes pose a great economic and environmental hazard, and their
safe disposal is major distress to industries. Untreated organic wastes have high chemical
and biological oxygen demand, and their uncontrolled disposal causes environmental
pollution, landfill, eutrophication, economic losses, health risks, and climate change by
producing greenhouse gases (Khuriyati et al. 2015; Degefe et al. 2016). Some of the
common agro-industrial wastes include coffee husks, kitchen wastes, and barley wastes.
The coffee husks are the discarded outer layer of coffee beans. They constitute up to 25%
of wastes produced during coffee processing (Mbugua et al. 2014). Kitchen waste is the
most common form of organic waste in every household. In urban places, every kitchen
produces up to 500 g of wastes, amounts that constitute 70% of municipal residues (Kale
and Sunita 1993; Emperor et al. 2016). On the other hand, the barley wastes consist of
bran, stalks, straws, and chaffs collected after sieving the barley grains. The wastes are
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commonly used as animal feeds or in bio-fertilizer and energy production wastes except
for coffee husks, which are considered to have low bio-economic value and are thus often
land-filled. However, with the heightened environmental concerns and technological
advancements, these wastes have attracted research interests on ways to recycle and reuse
them as ingredients, supplement feeds, bio-fertilizers, and energy production in fish
culture (Ghosh 2004; Prasanthrajan and Kannan 2011; Bakar et al. 2014; Hassan et al.
2016; Jayant et al. 2018). Nonetheless, their use in fish feed production is not highly
recommended due to low nutritional value, high fibre contents, presence of endogenous
anti-nutritional factors (such as caffeine, alkaloids, and tannins), processing challenges,
and bio-safety concerns (Bouafou et al. 2011; Degefe et al. 2016). Nevertheless, the lack
of economic success in aquaculture is often caused by either the over-dependence on
fishmeal or scarce and expensive commercial fish feeds. These issues have necessitated
research on viable biotechnologies such as vermicomposting to bio-convert the organic
wastes into forms applicable in fish nutrition.

Vermicomposting is natural and an economical biotechnology of bio-converting
agro-industrial residues through the mutual action of earthworms, micro-organisms, and
enzymes to stable compounds for safe disposal and bio-fertilizer production (Suthar and
Gairola 2014; Bhat et al. 2015; Musyoka et al. 2019). Consequently, vermicomposting
biotechnology has been integrated into aquaculture to provide nutrition, directly by
supplying earthworm biomass (Zhenjun et al. 2010; Vodounnou et al. 2016) and
indirectly by providing vermicast to promote ponds natural productivity (Ghosh 2004).
The vermiliquid (liquid phase) provides suitable basal ingredients and source of protein
in fish feeds (Zhenjun et al. 2010; Rameshguru and Govindarajan 2011). Additionally,
vermicomposting increases palatability, digestibility, and assimilation of the substrates in
fish because the fermenting bacterium reduces the anti-nutritional factors such as caffeine
and tannins (Hassan et al. 2016; Degefe et al. 2016). Moreover, vermicomposting
reduces the bioavailability of heavy metal, suppresses pathogens, and removes toxic
acidic compounds, which are associated with the use of agro-industrial wastes in fish
feeds (Adhikary 2012). The humic acid produced by earthworms during
vermicomposting improves immunity in animals and reduces mycotoxins in feed by
inhibiting bacterial and fungal activity (Istiqomah et al. 2009; Adhikary 2012).

The earthworm, Eisenia fetida is credited as a suitable vermicomposting
agent vis-a-vis fish feed production. This is because E. fetida has superior nutritional
attributes such as amino acid profile comparable to that of fishmeal and relatively high
crude protein and lipids contents of up to 76.5% and 18% dry matter, respectively
(Zakaria et al. 2013; Mohanta et al. 2016; Musyoka et al. 2019). Additionally, it has a
relatively high growth rate of 19 mg of worms per day thanks to its voracious nature,
whereby it consumes up to half its body weight in a day (Tohidinejad et al. 2011;
Vodounnou et al. 2016). Besides, it has the ability to tolerate extreme environmental
conditions, for instance, low temperatures and saline environments (Sinha et al. 2009).

Nonetheless, the commercial utilization of the earthworm in aquaculture is limited
by processing challenges and the presence of anti-nutritional factors (Tacon et al. 1983;
Zhenjun et al. 2010; Kobayashi et al. 2004; Musyoka et al. 2019). The slimy, sticky, and
moist nature of the earthworms make handling and harvesting of the worm and cocoons
very tedious, labor-intensive, and time-consuming. If poorly handled, E. fetida releases a
foul-smelling coelom fluid containing haemolytic factors and lysine, whose presence in
earthworm meal causes unpalatability and toxicity to fish, respectively (Tacon et al.
1983; Kobayashi et al. 2004; Vodounnou et al. 2016). Another common challenge of
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using earthworms in fish feed processing is the need to evacuate the gut content of the
worm, which lowers the protein content of the earthworm by up to 30% during analysis
(Zhenjun et al. 2010).

The growth performance (weight gain and survival) of earthworms are the
parameters used to indicate the success of vermicomposting process (Suthar 2006), while
the C/N ratio and contents of P, K, and Ca in vermicast determine its maturity and
applicability in agronomy (Morais and Queda 2003; Adi and Noor 2009; Dabral et al.
2013; Suthar and Gairola 2014; Degefe et al. 2016). The nutritional compositions
(principally protein and amino acid profile) are the key attributes considered when
selecting a potential fish diet or fishmeal replacer. There are various studies on
vermicomposting agro-industrial wastes then using the by-products (earthworms,
vermicast, and vermiliquid) separately in aquaculture nutrition. However, there is limited
scientific data indicating amalgamating the vermicomposting by-products into earthworm
bedding (i.e., a mixture of earthworms, vermicast, and vermiliquid) for fish feed
production. Therefore, the aim of the present study was to evaluate the potential of coffee
husks (CH), barley waste (BW), and kitchen waste (KW) as substrates for culturing
earthworms as well as a source of nutrition for aquaculture in form of vermicast (for
fertilizing semi-intensive ponds), earthworm biomass (as fish feed protein source), and
bedding meal (as an ingredient or whole diet for aquatic organisms). The simple
biotechnology would provide scientific information on how to overcome some of the
challenges associated with commercial utilization of earthworms and agro-industrial
wastes in fish feed production. This biotechnology has the potential to be scaled to
commercial levels to promote sustainable fish yields and optimize resource utilization,
thus improving food security and environmental integrity.

EXPERIMENTAL

Selection of Agro-industrial Wastes and Earthworms

The BW and freshwater shrimp (Caridina nilotica) meal were procured from
Gikomba open market in Nairobi, Kenya. The CH was obtained from coffee factories
within Kiambu and Machakos Counties, Kenya. The KW was used as a control
experiment because they are rich in organic matter, contains high nitrogen content, faster
in decomposition rate and has been proven to promote growth in earthworms and fish
(Ada and Noor 2009; Mo et al. 2014; Vodounnou et al. 2016). Non-acidic and less greasy
organic KW (mainly fruit peelings, vegetable remains, and eggshells) and urine-free
cattle manure were collected from nearby households. The E. fetida was procured from
the Kamuthanga farm, in Machakos, Kenya and acclimatized for two weeks by feeding
them with a mixture of the three pre-composted test culture substrates, i.e., CH, BW, and
KW in the ratio of 1:1:1.

Pre-composting of Substrates

Before the utilization of the substrates in earthworm culture, each substrate was
mixed with 10% urine free cattle manure. The inclusion of manure during pre-
composting provides nitrogen, stimulates biodegradation and increases the pH of culture
substrates (Loh et al. 2005; Adi and Noor 2009; Bhat et al. 2015). The substrates were
then pre-composted for two weeks by adding water and turning it every 48 hours. This
increased the substrate acceptability because earthworms do not survive on fresh
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livestock and vegetable wastes (Gunadi and Edwards 2003). Pre-composting reduces
anaerobic conditions in manure, which normally causes worm mortality during the
second week of vermicomposting (Gunadi and Edwards 2003; Adi and Noor 2009).

Infrastructure

Each treatment was replicated six times; therefore, there were a total of 18 culture
units. The culture units were plastic cylindrical buckets with a capacity to hold 80 litres.
Each bucket was served with 2500g of the respective pre-composted substrate then
inoculated with 60 preclitellate earthworms with initial weight and length of 0.25 + 0.05g
and 3.61 + 0.39cm, respectively.

The experiment was conducted for 70 days (10 weeks) because this is the time E.
fetida is expected to reach its full sexual maturity, which under favorable conditions
happens between the 3 and 10" week (Tripathi and Bhardwaj 2004). The culture
buckets were placed in a dark, well-ventilated room. The substrates were regularly
sprinkled with cold lime water to regulate moisture, pH, and temperature to optimum
levels of between 80% to 90%, 5 to 9, and 20 °C to 30 °C, respectively (Gunadi and
Edwards 2003). The worms were monitored regularly for mortalities, color change,
escapes, maggot/flies, foul smell, and presence of cocoons. During the weekly sampling
of weight, all new cocoons were counted and discarded. This was to ensure only the
original earthworms were returned into their respective culture buckets and no increment
in worm numbers.

At the end of the experiment, E. fetida from each test substrate were pooled and
analyzed for moisture, protein, crude fibre, ash, and crude lipids. The vermicast from
each culture bin was collected, dried, and tested for C, N, P, K, Ca, and crude lipid. Each
treatment had their E. fetida and vermicast mixed in the ratio of 1.5, poured into a
metallic foil paper, frozen immediately to kill the worms, and then crushed to form
earthworm beddings. The earthworm beddings were sundried, ground, sieved, and
analyzed for nutritional profile (moisture, protein, fibre, ash, lipids, amino acids), then
compared to that of C. nilotica meal, Nile tilapia (Oreochromis niloticus), and shrimp
(Penaeus monodon).

Biochemical Analysis

The proximate biochemical analysis of the test samples was done in triplicates
according to the AOAC (1995) standards. The moisture content was determined by oven
drying the samples at 70°Cuntil a constant weight was attained. The vermicasts were
analyzed for C using the partial oxidation method as demonstrated by Dynoodt and
Sharifudin (1981), while N was estimated using Kjeldahl process of digesting, distilling
and titrating the samples using sulphuric acid, sodium hydroxide, and boric acid,
respectively. Phosphorus was determined using a calorimetric method with sulphuric acid
and molybdenum, as described by Tandon (1993), whereas the atomic absorption method
of ignition was used to measure the K and Ca contents (Loh et al. 2005). The earthworm
and bedding samples had their protein analysis done using the Lowry (Folin) method
described by Lowry et al. (1951). The Lowry (Folin) method was preferred over the
Kjeldahl digestion to exclude the ammonia and any other nitrogenous compounds
produced during vermicomposting (Gunadi and Edwards 2003; Degefe et al. 2016;
Musyoka et al. 2019). Consequently, true protein from the earthworms and beddings was
estimated by creating a calibration graph after reducing Folin-Ciocalteu reagent by
tyrosine through reacting peptide bonds together with copper ions. The crude fibre was
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determined by the acid-base hydrolysis method of using sulphuric acid and sodium
hydroxide to degrade cellulose and lignin. Low-boiling point petroleum ether (40 to 60
°C) was used to extract solvents from the samples to determine the crude lipid. The
essential amino acid profile of the beddings was profiled using the procedure described
by Prisecaru and Baianu (2011). The samples were measured using an integrating sphere
in MPA FT-NIR spectroscopy and calibrated using calibration packages obtained from
INGOT® and Bruker, Germany.

Growth Parameters and Survival (%)
The suitability for each substrate to culture worms was determined by calculating
the growth rate and the specific growth rate (SGR).

Weight gain (g) = final weight (g) — initial weight (g) 1)
Survival (%) = (initial number/final number) x 100 (2
SGR =100 x [Ln (Final weight (g)) - Ln (Initial weight (g))]/time 3)

Data Analysis

The data were expressed as mean * standard deviation (SD), and the analysis was
performed using SPSS (Statistical software package) version 17.0. Univariate analysis
was used to determine statistical differences between means. If significant differences
(p<0.05) were observed, the differences among the means were compared using Tukey’s
post hoc test at 5% probability level.

RESULTS AND DISCUSSION

Growth Performance of Earthworms

The weight gain was significantly different (P<0.05) in all treatments. The E.
fetida grown in KW (control) substrate had significantly high (P<0.05) average weight
gain of 27.8 £ 0.6g followed by 24.9 + 0.7g and 24.8 + 0.7g in CH and BW, respectively,
as shown in Table 1. The average SGR was significantly high in E. fetida grown in KW
(0.9 £ 0.0), followed by earthworms grown in BW (0.8 £ 0.0), then least in CH (0.7
0.1). There were no earthworm mortalities recorded during the entire culture period.
Similarly, there was no variation in the number of cocoons produced by all earthworms.

Earthworm survival, growth, maturation, and reproduction depend on the quantity
and biochemical quality of culture substrate, food particle size, stocking density, and
environment (Tacon et al. 1983; Tripathi and Bhardwaj 2004; Prasanthrajan and Kannan
2011; Dabral et al. 2013; Vodounnou et al. 2016). An appropriate vermicomposting
material should promote earthworm growth and reproduction within the stipulated time.
The lack of mortalities and cocoon production in the current study were indications that
the environment provided was conducive and the substrate provided quality and quantity
food to the earthworms, whose availability has a positive correlation with E. fetida
growth and reproduction (Prasanthrajan and Kannan 2011; Dabral et al. 2013).
Additionally, the close-range biomass gain in all treatments is an indication that the
substrates had metabolizable organic matter content, optimized growth of microbes, less
growth retarding chemicals, were palatable, and contained non-assimilated carbohydrates
(Prasanthrajan and Kannan 2011; Bakar et al. 2014; Degefe et al. 2016). It is important to
note that the earthworm biomass produced in the present study can be up-scaled to supply

Musyoka et al. (2020). “Earthworm compost for fish,” BioResources 15(1), 574-587. 578



bioresources.com

PEER-REVIEWED ARTICLE

fish nutrition commercially in various intensities of fish farming because the quantity of a
diet is the second aspect after nutrition considered when selecting sustainable fish feeds.

Table 1. Weight (G) and Cocoon Performance (Mean +SD) of Eisenia fetida and

Vermicompost (Cast) Analysis (% Dry Matter) in Different Substrates

Variables Weight Gain SGR Cocoons Survival

CH 24.85+0.6%(.9) 0.67+0.082 (.0) 9.17+1.83%.9) 100+0%(1)

BW 24.8+0.74%(.9) 0.76+0.04° (.0) 9.33+1.63%(.9) 100+0%(1)

KW 27.82+0.74°(.0) 0.89+0.04° (.0) 9+2.1a(.9) 100+0%(1)
Variables Cast P Cast K Cast Ca CastC

CH 0.28+0.0°(.0) 0.36+0.05%(.0) 3.46+0.34°(.0) 15.9740.69%(.0)
BW 0.240.027(.0) 0.56+0.04°(.0) 2.840.06%(.0) 11.62+0.28 3(.0)
KW 0.35+0.1°(.0) 0.66+0.03°(.0) 4.13+0.42°(.0) 12.87+1.01 °(.0)
Variables Cast N Cast C/N Cast Crude lipids

CH 1.02+0.07%(.0) 15.68+0.95°(.0) 6.52+0.19%(.0)

BW 3.15+0.5°(.0) 3.75+0.54%(.0) 8.45+0.15°(.0)

KW 1.04+0.44%(.0) 13.57+3.79°(.0) 9.47+0.38°(.0)

Means with different superscript letters (a<b<c) in the same column are significantly

different P<0.05

P-values indicated in parentheses

Maturity of the Vermicast

There was a significant difference (P<0.05) in all of the nutritional parameters
tested. The highest contents of P, K, and Ca were observed in the vermicasts from KW,
followed by CH then BW. The C and N contents were inversely proportional, with the
highest contents being observed in CH and BW, respectively. Consequently, the C/N
ratio was significantly higher (P<0.05) in CH and lower in BW. The crude lipid content
in the vermicast was in the order of KW>BW>CH.

Apart from earthworm growth performance, the nutritional constituent of
vermicast can establish the suitability of organic material for vermicomposting vis-a-vis
organic fertilizer production. The P, K, and Ca contents are key components in organic
fertilizer production. The P and Ca contents observed in all treatments in the current
study were relatively higher than those recorded by Ada and Noor (2009) on vermicasts
of coffee grounds and kitchen wastes spiked with cow dung. This shows the CH and BW
promoted growth of earthworm gut micro-organisms, which are responsible for the
mineralization, mobilization, solubilization, and stabilization of micronutrients during
vermicomposting (Aira et al. 2006; Suthar and Gairola 2014).

A suitable vermicast should have a C/N ratio below 15; however, any amount not
above 20 is still acceptable for agronomic purposes (Morais and Queda 2003). Therefore,
all the experimental wastes in the present study produced mature vermicast. The
relatively low organic C and high N in BW casts show this waste was of good quality,
hence easily metabolized and mineralized by earthworms and microbes, respectively
(Suthar 2006; Suthar and Gairola 2014). The enrichment of N contents during
vermicomposting is also enhanced by the nitrogen-fixing bacteria, earthworm secretions,
and microbial mineralization of non-nitrogenous matter (Suthar 2006; Suthar and Gairola
2014). The significantly high (P<0.05) organic C in CH (despite the uptake by
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earthworms) could be due to the presence of fungal and microbial biomass, whose
presence and richness is an indicator of quality and mature vermicast (Aira et al. 2006).
The crude lipid content is another essential indicator of a suitable vermicomposting
substrate. The relatively high crude lipid observed in KW casts is believed to be due to
the presence of some animal-based remains (Adi and Noor 2009). The superior
nutritional composition of the vermicast from the present study shows the
vermicomposting by-product can be applied in semi-intensive ponds to improve fish
yield by promoting pond primary production, enhancing water retention and stabilizing
the bottom sediment (Ghosh 2004).

Biochemical Analysis of Eisenia fetida

There was a significant difference (P<0.05) in the proximate composition of E.
fetida grown in all substrates. The moisture content was in the order of CH>BW>KW,
while both the ash and crude lipid contents were significantly high (P<0.05) in E. fetida
grown in CH, as shown in Table 2. The crude fibre and protein were in the order of
CH>BW>KW and BW>CB>KW, respectively.

The unsustainable fish feed industry has created opportunities to investigate non-
conventional protein sources for fish feed production. Aquaculture nutrient requirements
depend on fish size, age, dietary protein source, energy content, culture conditions, and
water quality. Depending on fish culture systems, the diet nutrition component constitutes
an estimated 50% of operating costs, with the protein itself representing up to 50% of the
feed cost. To realize financial success, every fish farmer should obtain sustainable
(quality and quantity) feed at the least cost possible. The protein, ash, fibre, and lipids are
the basic nutritional components considered when selecting fish feed.

Table 2. Proximate Composition (Mean £SD) of Eisenia fetida on % Dry Matter

Variables Moisture Ash Crude protein | Crude fibre Crude lipids
E. fetida grown in CH | 78.4+0.5%(.0) | 9.73+1.76°(.0) | 51.03+2.05%(.0) | 14.77+1.91°(.0) | 5.57+0.95°(.0)
E. fetida grown in

BW 79.5+0.6°(.0) | 6.77+1.08%(.0) | 57.53+1.34°(.0) | 13.33+0.58%(.0) | 3.8+0.0%(.0)
E. fetida grown in

KW 81.8+0.2°(.0) | 4.17+1.04%(.0) | 50.5+3.17%(.0) 10.4+1.05%(.0) 3.37+0.21%(.0)

Means with different superscript letters (a<b<c) in the same column are significantly different P<0.05

P-values indicated in parentheses

Eisenia fetida contains nutritional attributes (protein and amino acids) comparable
to fishmeal (Tacon et al. 1983; Dedeke et al. 2010; Zakaria et al. 2013; Vodounnou et al.
2016; Mohanta et al. 2016; Musyoka et al. 2019). The nutritional profile of the
earthworm is determined by the dietary content of the substrate and processing (handling,
harvesting, killing, drying, gut evacuation, and testing procedures) techniques (Musyoka
et al. 2019). The result obtained in the current study shows that BW has relatively
high nutritional qualities compared with the other substrates. The crude protein of E.
fetida grown in BW was higher than the 54.6% and 52% dry matter obtained by Zhenjun
et al. (2010) and Mohanta et al. (2016), respectively. However, all the crude protein
contents of E. fetida in the current study were lower than the 76.5% and 71% dry matter
documented by Zakaria et al. (2013) and Zhenjun et al. (2010), respectively. Unlike these
studies, the current study did not evacuate the gut content of the worms before analysis.
The presence of the gut contents during analysis possibly lowered the crude protein
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content and probably increased the fibre and ash contents (Zhenjun et al. 2010).
Conversely, the current study opted to include the gut contents in the tests for the simple
fact of the applicability of the utilization of the earthworm by fish farmers, who might not
have the technologies of harvesting and removing the gut contents. The relatively
high crude protein in E. fetida grown in BW shows that the presence of a quality
substrate in the earthworm gut does not significantly affect the protein content of the
worms and its consequent probable inclusion content in fish feed formulation.

Biochemical Analysis of Beddings

There was a significant difference (P<0.05)between the nutritional components of
the beddings and the freshwater shrimp meal, as shown in Table 3. The moisture contents
were significantly (P<0.05) higher in the beddings than in C. nilotica, while the ash
content and crude fibre were in the order of CH>KW>BW>C. nilotica and
KW>CH>BW>C. nilotica, respectively. The protein content in C. nilotica was
significantly higher (P<0.05) than the level obtained in all the beddings. However, all
beddings had higher crude lipids than the C. nilotica and those required by O. niloticus
and P. monodon. The protein content of BW was within the optimal recommended
requirements of tilapia and shrimps by FAO (2019) and Boonyaratpalin (1996).
Nonetheless, the protein contents in all beddings were appropriate for a semi-intensive
farming system, whereby fish do not require diets with optimal nutrition due to the
presence of natural feed sources (Mjoun et al. 2010). The recommendable protein
contents in all beddings were enhanced by earthworm biomass and fungi community
accrual, which improve protein yields during vermicomposting (Dedeke et al. 2010;
Pramanik and Chung 2011). The elevated crude lipid contents in a feed is an attribute
important in semi-intensive farming, whereby fish utilize phospholipids from
supplementary diet to supply energy, thus reserving proteins from natural sources for
tissue growth (Liti et al. 2005). On the contrary, the high fibre content in a diet reduces
the bio-availability of nutrients, thus suppressing fish growth. Notably, the beddings did
not have as much ash content as is normally found in plant materials due to the presence
of earthworm biomass, which is known to have low fibre contents (Tacon et al. 1983;
Istigomah et al. 2009).

Table 3. Comparison of Biochemical Characteristics (Mean £SD) of Beddings (%
Dry Matter), Fishmeal (Caridina nilotica), and the Nutritional Requirement of
Oreochromis niloticus and Penaeus monodon on Dry Matter

Variables |Moisture Ash Protein Crude Fibre Crude Lipids
CH

bedding 79.77+1.08°(.0) | 11.53+0.21°(.0) | 25.17+1.463(.0) | 18.93+0.7°(.0) | 6.5+0.56%(.0)
BW

bedding 79.6+0.96°(.0) | 10+0.5P(.0) 39.17+1.11°(.0) | 12.07+0.12°(.0) | 8.63+0.47°(.0)
KW

bedding 80.53+0.64°(.0) | 10.5+0.92°(.0) | 23.57+0.673(.0) | 19.87+0.239(.0) | 8.6+0.87°(.0)
C. nilotica | 20.2+0.79%(.0) | 6.23+0.06%(.0) | 59.63+0.67°(.0) | 9.43+0.15%.0) | 6.03+0.25%(.0)
Tilapia® - - 30-35 8-10 10-15

Shrimp? |- - 28-30 - 3-7

1 - Dietary requirement for O. niloticus (FAO 2019)

2 - Dietary requirement for Penaeus monodon (Boonyaratpalin 1996)

Means with different superscript letters (a<b<c<d) in the same column are significantly different at P<0.05

P-values indicated in parentheses
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Comparison of Amino Acid Contents of the Beddings

There was no significant difference (P>0.05) between essential amino acids of all
beddings and C. niloticus except for isoleucine, as shown in Table 4. The amino acids
isoleucine, leucine, arginine, valine, phenylalanine, histidine, and threonine (of BW) in
the earthworm beddings were comparable to that found in C. nilotica and were within the
requirements of O. niloticus as recommended by Santiago and Lovell (1988). It was only
the isoleucine and histidine contents of all the beddings that were within the dietary
requirements of P. monodon. Only methionine, lysine, and tryptophan contents were
considerably lower in all beddings than those of C. nilotica and recommended
requirements of O. niloticus and P. monodon thanks to the presence of plant-based
proteins from the agro-industrial wastes.

The close-range relationship between amino acid levels in all beddings and that of
C. nilotica could be attributed to the presence of E. fetida, which is known to have
comparable nutritional attributes with fishmeal (Dedeke et al. 2010; Vodounnou et al.
2016; Musyoka et al. 2019). Methionine and lysine are the primary limiting amino acids
when fishmeal is reduced, or feed is obtained from plant-based sources (Djissou et al.
2016). The close to optimal nutritional composition observed in all earthworm beddings
shows they have the potential of either being an ingredient in fish feeds or a whole diet
for aquatic organisms. However, there is a need to supplement earthworm bedding meals
with the deficient amino acids to fulfill the dietary requirements of the cultured species,
particularly the shrimps. This is because the amino acid profile and digestibility
determine the value of proteins in any diet. Subsequently, its composition determines the
feed intake, absorption, assimilation, and eventual growth as well as reproduction and
immunity in fish. The amalgamation of the vermicomposting by-products to bedding
avoided the need to harvest and evacuate the gut content of E. fetida, thus simplifying the
earthworm processing. It further reduced the stress-related complications associated with
conventional earthworm handling and harvesting, which prompts E. fetida to release the
foul-smelling and toxic coelom fluid in defense.
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Table 4. Amino Acid Composition (g 100g! Protein) (Mean +SD) of Beddings,
Fishmeal Caridina nilotica and Recommended Requirement for Fish

(Oreochromis niloticus and Penaeus monodon)

Variables Isoleucine Leucine Arginine Valine Methionine
CH 3.34+0.023(.1) | 3.12+0.013(.0) | 4.55+0.01°(.0) | 2.46+0.01°(.0) | 0.89+0.02°(.0)
BW 3.31+0.013(.1) | 4.41+0.1°(.0) 5.46+0.14°(.0) | 2.78+0.03°(.0) | 0.94+0.01%(.0)
KW 3.8#0.573(.1) | 3.3+0.05°(.0) 5.46+0.14°(.0) | 2.46+0.01°(.0) | 0.72+0.023(.0)
C. nilotica | 3.51+0.013(.1) | 3.22+0.043(.0) | 3.89+0.013(.0) | 2.12+0.08%.0) | 1.21+0.03%.0)
Tilapia® 3.11 3.39 4.2 2.8 2.7

Shrimp* 3.86 8.04 9.16 3.7 2.01
Variables Lysine Phenylalanine | Histidine Threonine Tryptophan
CH 4.37+0.03°(.0) | 1.17+0.03%(.0) | 1.76+0.03%(.0) | 3.33+0.06°(.0) | 0.51+0.013(.0)
BW 4.15+0.05%(.0) | 1.72+0.03%.0) | 2.33+0.01%.0) | 3.67+0.01%.0) | 0.61+0.01°(.0)
KW 4.15+0.03%(.0) | 1.52+0.02°(.0) | 1.91+0.02°(.0) | 2.34+0.0%(.0) | 0.66+0.03°(.0)
C. nilotica | 4.48+0.029.0) | 1.72+0.04°(.0) | 2.33#0.01°(.0) | 3.67+0.01%(.0) | 0.71+0.02°(.0)
Tilapia® 5.12 1.8 1.72 3.75 1

Shrimp* 6.83 4.02 1.52 - -

3 - Requirements for Oreochromis niloticus by Santiago and Lovell (1988)

4 - Requirement for Penaeus monodon (Boonyaratpalin 1996)

Means with different superscript letters (a<b<c<d<e) in the same column are significantly
different at P<0.05

P-values indicated in parentheses

CONCLUSIONS

1. The study findings showed that coffee husks (CH) and barley waste (BW) can be
bio-converted using Eisenia fetida as the vermicomposting agent to by-products
with the potential to supply aquaculture nutrition; directly as fish feed or
indirectly as organic fertilizer to improve pond primary production.

2. The vermicomposting of agro-industrial wastes then amalgamating the by-
products is a simple biotechnology that can be up-scaled to commercial levels to
simplifying fish feed production, improving the bio-economic and ecological
significance of organic wastes, thus promoting food security and environmental
integrity.

3. Based on the study results it is recommended to supplement deficient amino acids
in earthworm bedding meals to fulfil the dietary requirement of cultured fish
species.
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