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ABSTRACT

The cost of fish feed is a significant constraint to freshwater fish farming in Asia. In the
aquaculture value chain, feed is a responsible factor and accounts for nearly 75% of the total
cost of fish production in many countries. Therefore, this study focuses on the feasibility of
using pig manure fermentation to formulate feed pellets to culture the tilapia fish in the cement
pond. The cultured using ready-made feed containing the residue from the manure fermentation
at different ratios. Accordingly, the experimental studies were approached by two types of
experiments, namely, experiment 1 (focused on the nutrients in pig manure collected from an
anaerobic system farm) and experiment 2 (which studied the appropriate level of pig manure
to be used as a raw material for fish feeding). The five months’ fermentation of pig manure
contains 17.09% protein, which is the highest amount of nutrition source. Digestate manure
was estimated; other primary macronutrients, including nitrogen, phosphorus, and potassium,
were 2.73, 0.55 and 1.22 9%, respectively. Also, a considerable number of essential
micronutrients, for example, copper, manganese and zinc, were found in the digestate. Nile
tilapia were grown at the cement ponds for 120 days. The maximum verified dry matter and
protein digestibility in tilapia was attained for diets containing 10 % pig manure at 89.28 + 4.09
and 56.64 + 1.43 (p> 0.05), respectively. In this study, experimental results indicated that fish
meal consisting of 15% manure was the most acceptable substitute source of protein for tilapia
production. This implies that the cost of fish meal production using fermented pig manure can
be significantly lowered, gain higher profit and provide significant economic benefits to
farmers.

1. Introduction

Aquatic reservoirs are essential for food production and also
provide obligatory recreational values and services. The fish in
general and freshwater fish, in particular, are among the fast-
growing sectors with collective helps in the nutrition security of
consumers. However, the fisheries sector considers the nutrition of
millions of people around the world. FAO (2018) stated that fish
and other aquatic products accounted for about 26 % of the animal
proteins consumed in the least developed countries against 11 %
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for developed countries. Aquaculture provided about 47 % of fish
on the world market, with Asia contributing about 89 % of global
aquaculture production during the last 20 years (Adéyémi et al.,
2020). Freshwater aquaculture is probably the most effective form
of aquaculture for the time being, and fish is the leading product in
freshwater aquaculture.

Fish and fishery products represent a valuable source of
animal protein, as a portion of 150 g of fish provides about 50-60%
of the daily protein requirements for an adult. The robust growth in
fisheries and aquaculture production in the last 50 years, more so



in the last two decades, has enhanced the world’s capacity to
consume diversified and nutritious food. A healthy diet includes
sufficient proteins containing all essential amino acids, essential
fats, vitamins and minerals. Actuality a rich source of these
nutrients, fish can be nutritionally vital (Viola and Arieli, 1983.
Robinson et al., 1984; Lovell, 1989). It is rich in various vitamins
as well as minerals, mainly if eaten whole. It is a source of easily
digested, high-quality proteins containing all essential amino acids
(Tacon et al.,, 1987; 1995). Fish provides health benefits in
protection against cardiovascular diseases and assists in developing
the brain and nervous system in the fetus and infants (Barik, 2017).
However, aquaculture production heavily depends on the external
aquafeeds or nutrients supply to the aquaculture system.

Nomenclature and abbreviation

ADG Average Daily Weight Gain

FCR Food Conversion Ratio

CRD Completely Randomized Design
FAO Food and Agriculture Organization
ANOVA  Analysis of Variance

DMRT Duncan’s New Multiple Range Test

High nutrients and the necessary taste of grouper fish affect
the high mandate in grouper fish in the prevailing market. On the
other hand, wild catch grouper fish in the current prevailing market
supply is limited and insufficient to meet the cyclical nature of high
demand in grouper fish consumption leading to the high price
(Sakamoto and Yone, 1979; Nakamura and Yamada, 1980; Clark,
1989; Soong et al., 2016). For that reason, grouper fish is worth
farming. Hence, there is a need to formulate the fish feed since it is
essential to have the correct nutrients requirement for feed
formulation to ensure the adequacy of the diet for the grouper fish.
Recently, aquafeeds production has been widely recognized as one
of the fastest expanding agricultural industries globally, and the
annual growth rate of aquafeed production reached higher in the
animal feeds market.

Notably, the use of manure in aquaculture, as practised for
centuries, is compared with ordinary feedstuffs. Maximum yields
per unit area are higher with high-protein feeds than manure but are
obtained at a higher cost. When manure is a regular input in
aquaculture, manure disposal problems are mainly avoided, and
integrating aquaculture with animal husbandry appears to result in
the most rational manure utilization. When manure is applied to
fishponds, the best results are achieved with frequent applications.
The food web, leading from the manure applied to the fish-flesh
produced, is discussed in terms of direct feeding, minerals for
autotrophic production, and organic matter for heterotrophic
production.

The best alternative is the organic manures on the pond
ecosystem to utilize fully decomposed/digested organic manures
compared to undigested or semi-digested organic manures (Kaur
and Ansal, 2010). Small-scale fish farmers generally practice
aquaculture using low-input and low-level technology. It is
especially true for aquaculture production in earthen ponds, where
traditional practices favour primary productivity and limit inputs of
exogenous food, primarily commercial pellets, which is cost-
effective. Therefore, manure (digestate) based formulated pellets
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could be helpful for local farmers. Digestate is rich in all types of
major and minor nutrients, vitamins, enzymes, antibiotics, growth
promoters etc. It is a form of organic manure, which can be
produced from various organic wastes (cow dung, poultry waste,
piggery waste, agricultural waste, etc.). Agriculture is the primary
occupation of Thai people despite the constant industrial growth
occurring in many parts of Thailand (Dussadee et al., 2016).

The two primary activities in the agriculture area are
cultivating crops (54%) and integrated crop-livestock farming
(35%). The primary forms of livestock abundant in Thailand are
pigs, chicken and cattle. The leading resource is represented by
animal manure and slurries from cattle and pig production units
(Dussadee et al., 2014). In this study, digested pig manure
embassies as fish feed for tilapia (Nile tilapia) production. Nile
tilapia (Oreochromis niloticus) is a type of freshwater fish easy to
propagate and has a good taste, can live in fresh and brackish water.
Suitable to be cultured in the pond. It has become popular and
widely cultivated in Asia. This study aims to quantify the nutrients
balances in cement ponds used for the production of tilapia (Heylor
et al., 1988; Dabrowska et al., 1989). Here, increased aquaculture
production was considered using formulated pig manure pellets as
the unique sources of fish feed.

Therefore, this study focused on the appropriate level or
amount of minerals that can be added into the diet for red tilapia,
which should be able to enhance the growth of red tilapia that gave
higher production with lower cost and to be a guideline for farmers
can continue to produce pellet food for their use in the farm.

2. Materials and Methods
2.1. Culture facility, experimental fish, and growth trial

The experiment was performed in controlled conditions where
cement ponds (the diameter of 100 centimetres, height of 50
centimetres) were used. Nile tilapia (Oreochromis niloticus) were
used for this study. This study was carried at the experimental field
site (Fig.1), Faculty of Fisheries Technology and Aquatic
Resources, Maejo University, San Sai District, Chiang Mai
Province, Thailand.

2.2. Experimental diets

Four experiments were carried for feed formulations.
Fermented pig manure was used for the following feed
preparations procedures (1) pig waste residue level that replaces
fish meal in food 0%; (2) pig waste residue level, which is used to
replace fish meal in 5%; (3) pig waste residue level that replaces
fish meal in the diet by 10% and (4) pig waste residue level, which
is used to replace fish meal in the diet by 15%.

2.3. Growth studies and feed utilization efficiency
Fig. 1. Controlled field tilapia culture

At the end of the experiment, fish were harvested, counted,
and weighed (Fig. 2). The growth performance and feed utilization

parameters were calculated as follows:

A) Specific growth rate (SGR) = [(In FBW-In IBW)/t] x 100
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where FBW and IBW = final mean weight and the initial mean
weight, respectively; T=feeding period in days.

B) Survival rate %=[(NF/Ni) x 100]
where NF=final total number of fish;
Ni=initial total number of fish.

C) Feed conversion ratio (FCR)=Total feed intake (g)/ Total
weight gain(g)

D) Protein efficiency ratio (PER) = Total weight gain (g)/
Protein intake

E) Body weight gain (BWG)=Wt-Wi Ten fish individuals were
randomly sampled

Fig. 2. Measuring the length and initial weight of the tilapia (A-B)
2.4. Statistical data analysis

The data were obtained for statistical analysis. By analyzing
the variance (Analysis of Variance) to compare the statistical

differences between the experimental groups at a 95 % confidence
level using SPSS for Window, compare the mean differences using
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Duncan’s New Multiple Range Test methods using SPSS version
11.5.

3. Results and Discussion
The dry matter content of formulated feed samples was
gravimetrically determined after a water loss, and the results are

presented in Table 1.

Table 1. Nutrient values for each tilapia experiment set used in the

experiment
Nutrition Swine residue levels to replace fishmeal in food (%0)
al value 0 5 10 15
(%)
Moisture 4.36+0.77° 4.35+0.46° 4.33+0.45° 6.50+1.412
Protein 25.82+0.26 25.33+0.23 25.76+0.26 25.64+0.29
Fat 13.56+3.19 11.66+3.64 18.77+6.11 15.68+2.04
Fiber 8.47+0.56 8.66+0.51 7.75%0.53 8.31+0.48
Ash 10.40+0.79 13.89+1.31 11.74+1.17 12.06+1.51

Note: The average + SD with horizontal characters shows a statistical
difference (p <0.05).

Fig. 3. (A-E) Raw feed ingredients used in cooking and dry
fermented pig manure used in the experiment

Fig. 4. (A-C) Cooking process with pig manure as a substitute for
fish meal

The feed composition of crude protein ingredients is shown in
Table 1. The protein content of 0, 5, 10, and 15% feed formulations
were having 25.82+0.26, 25.33+0.23, 25.76+0.26 and 25.64+
0.29%, respectively. The raw feed ingredients were used in
cooking and dry fermented pig manure in the experiment process,
as exhibited in Fig. 3. Moreover, feed manufacturing and pelleting
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approaches are revealed in Fig. 4. After the fish production, the
weight gain percentage showed no significant difference (p> 0.05).
Tilapia cultured in a feed formula with pig manure to replace
fishmeal with 0% had the highest mean weight gain rate of 256.16
+ 21.85. The following percentages were tilapia fed with pig
manure mixtures that were substituted for fish meals 15, 5, and
10% were 244.80 + 29.15, 236.00 + 44.04 and 220.16 + 70.79%,
respectively.

The growth rate per day (g/day) was found to be not statistically
different (p> 0.05). In the experiments fed with a 15% feed with
pig manure, substituted for fishmeal, the rate was the highest
average daily growth was 0.63 + 0.06 g/day, followed by tilapia fed
with pig residue mixtures that were substituted for a fish meals 10,
5, and 0% were 0.59 + 0.15, 0.53 + 0.09 and 0.50 + 0.050 g/day,
respectively. The conversion rate was not statistically different (p>
0.05). The feed conversion rate was the highest in the experimental
set of 0% of the feed to replace fishmeal. 1.17 + 0.07 followed by
the tilapia fed with pig residue mixtures used as a substitute for fish
meal 5, 10 and 15% were 1.14 + 0.12, 1.06 + 0.18 and 1.00 +
0.07%, respectively. The efficiency of converting food to meat (%)
was found to be statistically no different (p> 0.05). In the
experiments fed with 15% of the pig manure-substituted feed
formula, the highest mean was 30.02 + 2.18%.

The following were tilapia fed with pig manure mixed with the
fish meal as a substitute for fish meal 10, 5 and 0%, which were
28.84 +5.30, 26.58 £ 3.30 and 25.60 * 1.63 percent, respectively.
Yields (g) were found to be not statistically different (p> 0.05). In
the experiments fed with 15 percent of the pig manure feed
formula, the highest average yield was 1,002.80 + 72.88. The
following were tilapia cultured with pig manure mixtures used to
replace fish meals 10, 5 and 0% were 963.40 + 176.97, 888.00 £
110.09 and 855.16 + 54.62 g, respectively. Therefore, it is possible
that manganese at 11.6 mg/kg (diet3) diet showed higher specific
growth rates and food efficiency than the control. Consequently,
the present study results indicated that formulated pig manure is a
suitable replacement for fish meals and is practically applicable.

4. Discussion

Tilapia is a fish that can be easily reproduced—fast-growing
Good adaptation to the environment, and economically significant.
In the year 2004, it was found that Thailand had a total yield of
160,241 tons of tilapia, which came from the production of the
pond, the most equal to 131,181 tons and tended to increase
because it is a fish that has Good price. Not faced with the problem
of epidemic disease, Making it popular and widely cultured. At
present, tilapia can be classified as a product exported to foreign
countries in the fillet. The major markets include Japan, the United
States, Italy, etc. (Department of Fisheries, 2014). Tilapia can be
cultured in rice fields, ponds, cages and blended farming, etc. The
1-year farming period has a growth rate of up to 500. The size of
the fish required by the market is approximately 300 - 400 grams
each. Food costs are the main cost of aquaculture production. By
reducing the cost of feed, the production profit can be increased
(Ayyappan and Ahamad Ali, 2007). In keeping tilapia in the cage,
the average food cost was 69.5%.

There is approximately 9.8 million swine productions in
Thailand per year. The major pig production sites are the central
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region yielded 52.6%, followed by the north. The Northeast and the
south have yields of 18.9, 18.5 and 9.8%, respectively. These
products are used for domestic consumption, approximately 98-
99%. Today, Thai people consume an average of 11-12 kg of pig
meat per person per year. When comparing the consumption of
other meats, pork was the most popular. A 1993 survey by the
Agricultural Statistics Center and the Department of Livestock
Development found that 90% of all farmers nationwide were small-
scale farmers, raising no more than 10 per individual, but the
number of pigs produced by small breeders was only an estimated.
20 percent of the pigs produced in the country (Department of
Fisheries, 2014)

This is because the nutrients that pigs consume can be
decomposed and used to benefit the body. The remainder possibly
is excreted more than 60% (Flachowsky and Hennig, 1990), while
Ansa and Jiya (2002) reported that the amount of pig manure and
urine across the country is at least 26 million tons per year. The
effluent from washing the pigpen is approximately 30-40 litres per
animal or approximately 392 million liters per day. Solving the
problem by utilizing pig manure contains essential minerals such
as nitrogen, phosphorus, and potassium (White and Brown, 2020).
It can be utilized in several ways. Used as an ingredient in animal
feed (Newton et al., 2005).

But there must be no significant number of harmful

pathogens. No other additives lower the nutritional value
(Watanabe et al., 1980; Watanane, 1988). Therefore, it can be
reused as animal feed used to grow the fish—the pattern for
bringing pig manure for fish feed by building a pig farm on the
fishpond. When the pigs excrete, they drop into the pond.
Alternatively, use scooping pig manure raised from other sources
and put it in a fishpond (Cottrell and McNichols, 2011).
Bringing pig manure to cultivate fly worms to serve as a substitute
for high-priced protein food sources pig manure can be fermented
through biogas because biogas is the main component of methane
(Ramaraj and Unpaprom, 2016; Unpaprom et al., 2020). Therefore,
it has good ignition properties and can be used as renewable energy
in various forms, such as burning to utilize direct heat
(Wannapokin et al., 2018). Burned for heating and used to drive
machinery such as for heating and to generate electricity.

Organic fertilizers or pig manure are the by-products of
fermentation residues. It has properties that can be used as organic
fertilizers, which is also found to contain relatively high nitrogen
content, which can be used as organic fertilizers for crop
cultivation. The selling price is about 0.5-1 baht per kilogram. This
is considered as an additional income to the pig farm owners in one
way. However, another approach that is interesting today is
supplementary freshwater aquaculture on farms. The study found
that the population in the northern region had a high annual
consumption of freshwater animals per person per vyear
(Piumsombun, 2001). According to the data of the Chiang Mai
Freshwater Aquaculture Cooperative. It was found that the demand
for freshwater fish in Chiang Mai province was up to 40,000 kg per
day (Ungsethaphand et al., 2003).

Therefore, to increase the income of the farm another way.
The farm should have raised tilapia. Using the residue from the
fermentation of pig manure as feed material increase income for
the pig farm (Unpaprom et al., 2020). Moreover, help reduce
environmental problems and a new body of knowledge in food and
tilapia farming.
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In addition, at present, there is widespread awareness of food
safety (Food safety). Furthermore, the operation of aquaculture
according to good practice (Good Aquaculture Practice, GAP), but
aquaculture often faces the problem of bad smell or muddy smell
(Off-flavor) is a crucial factor for aquatic animal export. This is
caused by Actinomycete bacteria and some blue-green algae that
produce a muddy or unpleasant odour in fish meat (Shim and Ng,
1988; Klapper 1991, Yamada et al., 1994). Osmin (geosmin) and
MIB (MIB) make aquatic animals less popular, low cost, muddy
odour problems arising from fish ingesting the muddy odour
compound directly or being contaminated with what the fish eat.
On the other hand, pass into the fish by absorption in the organs
(Tanchotikul and Hsieh, 1990). Therefore, there is a concept to
develop tilapia fish production in ponds by applying pig manure
through an anaerobic treatment system. They were used as raw
materials for animal feed to reduce costs and add value to the pig
manure.

5. Conclusion

The residue from pig manure fermentation over 5 months was
found to have 17.44% protein content. They have nitrogen,
phosphorus and potassium content. The micronutrients were
copper, manganese and zinc were found. The feed formula with pig
manure was used to replace fish meal 15%% after the trial period
for 120 days. The phytoplankton content in the cement pond at the
residue level of pig manure replaces a fish meal. Digestion of
Tilapia Fish meal was found that the pig manure residue formula
used to replace fish meal 10% contained dry matter and protein
digestion. Pig manure residue formula that can be used as a
substitute fish meal in the feed can be an essential ingredient in
tilapia feed. To replace high-priced protein foods, it is the use of
the residual waste to be used and add higher value. This study
suggested that formulated pig manure pellet feeds are possible
directly beneficial to the farmers. This study exposed various local
feed ingredients and available animal manure that could formulate
fish feeds with adequate nutritional composition to empower
resourceful fish farming.
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