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ABSTRACT 

Energy-protein balance has a vital role in meeting the nutritional needs of fish and 

improving fish growth performance. Coconut husk waste has the potential as a source of lipid 

that can be used as a fish feed supplement. This study evaluated the effect of coconut husk oil 

on the specific growth rate (SGR) and survival rate (SR) of tilapia fish (Oreochromis 

mossambicus). Four feeds with different levels of lipid sources were formulated by adding 

coconut husk oil to commercial fish feed at levels of 0%, 2%, 4%, and 6% for 35 days. The 

highest specific growth rates (SGR) observed in fish were found in fish fed with coconut oil at 

levels of 2% and 4% compared to other treatments (P < 0.05). However, there was no significant 

difference in the survival rate (SR) of fish (P > 0.05). The results showed that 2% coconut oil 

was the recommended level as a supplement in tilapia fish feed which was indicated by an 

excellent specific growth rate. 
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1.  INTRODUCTION 

 

Tilapia fish is one of the fish that the people of Indonesia widely consume. Every year 

the market demand for tilapia fish increases, so there is a need for an increase in tilapia fish 

production activities, especially in rearing tilapia fish [1]. According to [2], fish growth is 

influenced by the availability of lipids and carbohydrates as non-protein energy sources so that 

protein energy will be utilized for growth in sufficient conditions. In the biological balance, not 

all the energy from the feed is used for a net gain, some are used as an energy "budget" for 

metabolism, and some are lost in the digestive process with feces. According to [6], the use of 

lipids as a "protein sparing effect" is to replace some protein as an energy source so that more 

protein is used to support growth. 

Adding vegetable oil additives in feed can be used as an alternative oil source because 

using vegetable oil in aquafeeds is more cost-effective than fish oil. In addition, vegetable oils 

are widely available, easier to produce, and considered more sustainable from an environmental 

and economic perspective [2-5]. Several studies have reported that vegetable oil can replace 

fish oil as a feed additive either partially or totally. In various fish species, adding vegetable oil 

does not hurt growth rates as long as the essential fatty acid needs of fish are met [6, 7]. 

Coconut coir waste has the potential as a source of vegetable lipid that can be used as a 

supplement to fish feed in the form of oil. Coir is the part of the coconut that is brown and is 

often discarded or becomes waste. Coconut coir waste can still be used because it contains 

vegetable oil that can be removed through extraction. According to [8], in his research, the 

potential of coconut coir solid waste from coconut weighing 0.3976 kg/grain can produce 

coconut coir solid waste weighing 0.0592 kg. The total water content of the coconut coir solid 

waste is 47.79%, and the oil content of the coconut coir solid waste is 31.67%. Based on [9], 

the fatty acid profile in coconut coir oil shows an abundance of unsaturated rich acid categories 

which is quite significant in value with a percentage of 13.55%. The results of testing the fatty 

acid composition of coconut coir oil also show that coconut coir oil contains many medium 

chain fatty acids (C8 to 12) with a total percentage of 51.7%, which is dominated by C12 fatty 

acids (lauric acid) containing 51.7%. 41.59%. 

This study aimed to determine the effect of adding coconut husk oil extract and the 

optimum level of addition of coconut coir oil extract to produce the best growth rate and feed 

efficiency on tilapia fry. 

 

 

2.  MATERIALS AND METHODS  

 

This research was conducted at the Aquaculture Laboratory, Faculty of Fisheries and 

Marine Sciences, Universitas Padjadjaran, Indonesia. The design used in this study was a 

completely randomized design (CRD) consisting of 4 treatments and four replications. The 

treatment used was the addition of coconut husk oil extract with different levels. The medicines 

used are as follows: 

Treatment A: Feed without coconut husk oil extract (control) 

Treatment B: Feed + 2% coconut husk oil extract 

Treatment C: Feed + 4% coconut husk oil extract 

Treatment D: feed + 6% coconut husk oil extract, 
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The containers used in this study were 16 x 40 x 25 x 30 cm2 aquariums. The tilapia fish 

used came from fish farmers in Bandung District, West Java. This study used 160 tilapia fish 

seeds with an average weight of 14.42 ± 0.08 grams. The fish were acclimatized for seven days 

until they could adjust to the experimental unit, and then the fish were reared for 35 days. The 

feeding frequency was three times a day, in the morning, afternoon, and evening. The study 

carried out siphoning and water changes every three days to maintain water quality. The oil is 

made by fermenting the coconut husk using soybean sediment yeast (Neurospora sitophila), 

then drying, mashing, and extracting using the maceration method with n-hexane solvent. After 

the filtrate is produced, it is then evaporated. The resulting oil is then sprayed evenly on the 

pre-warmed feed to absorb more quickly, and adhesive is applied. Parameters observed 

included specific growth rate (SGR), survival rate (SR), and water quality. 

 

Biology of Tilapia (Oreochromis mossambicus) 

Tilapia consume a wide range of natural food organisms, including plankton, some 

aquatic macrophytes, planktonic and benthic aquatic invertebrates, larval fish, detritus, and 

organic matter decomposing. Natural food organisms typically account for 30 to 50% of tilapia 

growth when supplemental feeding is high. Tilapia is the world's second most widely farmed 

freshwater fish, trailing only carp. One of the first fish species to be cultured was the Nile tilapia 

(O. niloticus). 

Egyptian tomb illustrations indicate that Nile tilapia were cultured more than 3,000 years 

ago. Tilapia has been dubbed "Saint Peter's fish" after biblical references to the fish fed to the 

multitudes. The Nile tilapia is still the most widely cultivated tilapia species in Africa. Tilapia 

has beneficial aquacultural characteristics.  

 

 
 

Figure 1. Mozambique Tilapia (Oreochromis mossambicus (Peters, 1852)) 

 

 

Classification 

 

Kingdom: Animalia  

  Phylum: Chordata  

    Class: Actinopterygii  
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      Order: Perciformes  

         Family: Tilapiini  

           Genus: Oreochromis Günther, 1889 

              Species: Oreochromis mossambicus (Peters, 1852) 
 

Scientific name: O. mossambicus Common English name: Tilapia (with a lowercase “t” 

refers to all three species), boulti, freshwater snapper, mojara, ngege. Local name: Tilapia 

 

Morphological description 

The elongated body is fairly compressed and deep. The upper profile is more convex than 

the ventral. The mouth is terminal and very wide. The lateral line is complete. The snout is 

rounded and the jaws are equal. The dorsal fin is inserted above the base of the pectoral fin. 

The caudal fin is rounded. Scales are cycloid. The body color of females and non-breeding 

males is watery grey to yellowish, body of males in the breeding season is deep black. The 

dorsal fin is black with a red margin, the pectoral fins are translucent red, caudal fin with a 

broad red margin.  

 

 
 

Figure 2. Morphology of Mozambique Tilapia (Oreochromis mossambicus) 

 

 

Specific Growth Rate 

The specific growth rate (SGR) from the experimental feed observations was calculated 

using the formula by [10] as follows: 

 

SGR = 
𝒍𝒏𝑾𝒕−𝒍𝒏𝑾𝒐

𝒕
× 𝟏𝟎𝟎% 

where:  

SGR = Specific Growth Rate (%/day)  

https://en.wikipedia.org/wiki/Albert_C._L._G._G%C3%BCnther
https://en.wikipedia.org/wiki/Wilhelm_Peters
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Wt  = Final test fish weight (g)  

Wo  = Weight of the initial test fish of the study (g). 

t = Trial length (days) 

 

Survival Rate 

The survival rate of tilapia fish was observed every day, and the dead fish were recorded. 

The survival of tilapia fish was calculated using the formula as follows [3-10]:  

 

SR = 
𝑵𝒕

𝑵𝒐
× 𝟏𝟎𝟎% 

where:  

SR  = Survival rate (%)  

Nt  = Number of fish at the end of the study (per fish)  

N0  = Number of fish at the start of the study (per fish) 

 

Water quality 

Water quality parameters measured and observed in this research include temperature, 

degree of acidity (pH), and dissolved oxygen (DO) which are measured periodically, and then 

the resulting water quality data are presented descriptively. 

 

 

3.  RESULTS AND DISCUSSION 

Specific Growth Rate 

According to [12], the specific growth rate is the growth rate of fish weight per day 

expressed in percent. The increase influences the value of the specific growth rate in weight 

measurement. The higher the increase in weight, the greater the value of the particular growth 

behavior.  

 

Table 1. SGR and SR Observation Results 

 

Parameter 
Treatment  

A (0%) B (2%) C (4%) D (6%) 

SGR (%) 0.81±0.09a 1.03±0.03c 1.00±0.07c 0.90±0.03c 

SR (%) 82.50 80.00 77.50 77.50 

 

 

The analysis of variance showed that adding coconut husk oil extract to commercial feed 

significantly affected the specific growth rate of tilapia fish (P < 0.05), which meant that there 

were significant differences between treatments. The highest specific growth rate of tilapia fish 

was shown in treatment B (2%) with a value of 1.03 ±0.04%, then followed by treatment C 

(4%), treatment D (6%), and treatment A (control) with a value of the specific growth rates of 

tilapia were 1.00 ±0.07%, 0.90 ±0.03%, and 0.79 ±0.06%, respectively (Table 1). Based on the 
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results of Duncan's test on the specific growth rate of tilapia fish, treatment B (2%) showed 

significantly different results (P < 0.05) against treatment A (control) and treatment D (6%), 

but the results were not significantly different. to treatment C (4%) (P > 0.05). 

This experiment showed that the optimal specific growth rate was produced in tilapia fish 

by feeding with fermented coconut husk oil extract added as much as 2% compared to other 

treatments. These results indicate that adding as much as 2% coconut husk oil extract to the 

feed is the correct dose because it can be tolerated by fish and produce good quality feed so that 

the nutrients contained in it can be digested and utilized correctly by fish. This is to the 

statement of [12] that the increased nutritional value of digestibility allows good utilization and 

intake of feed nutrients and results in high growth performance. Previous research stated that 

using distillate medium chain fatty acids from coconut oil could increase the amount of food 

intake in fish, thereby increasing fish weight [13-20]. In addition, according to research by [10-

12], the addition of coconut oil as much as 2-3% in feed can increase lipase enzyme activity in 

tilapia, which has a relationship with growing feed utilization and protein utilization. The high 

lipase activity allows tilapia fish to easily remodel and digest the lipid contained in the feed so 

that the feed can be utilized properly. 

This study's results indicate that adding coconut water peel extract of 2% is the optimal 

dose. In line with [11-16], adding 2-3% coconut oil is used to meet the nutritional needs of 

lipids to complement the needs of fatty acids for fish. In addition, [13-20] also reported that 

adding 3% coconut oil to tilapia fish feed increased the growth rate of tilapia fish compared to 

the control treatment. The addition of coconut oil in tilapia fish feed is 2 to 3% and is the 

recommended level as a substitute for fish oil in tilapia fish feed. 

Several previous studies have reported that vegetable oil affects the growth of tilapia fish 

and can be used as an alternative oil to replace fish oil. A mixture of vegetable oils consisting 

of palm oil, sunflower oil, linseed oil, and olive oil is fully capable of replacing fish oil as a 

lipid source in tilapia fish feed without negatively impacting the growth rate of tilapia fish [2]. 

A mixture of vegetable oil from soybean oil and peanut oil can be used as a supplement to 

replace fish oil in tilapia fish feed to produce a reasonable growth rate [20-30]. 

Research results show that coconut husk oil can be used as a protein-sparing effect. The 

addition of coconut husk extract in commercial feed was able to increase the specific growth 

rate of tilapia fish compared to the control treatment, presumably because coconut husk oil 

extract met the lipid needs of tilapia and was able to digest properly so that it could be used as 

an energy source by fish and then protein could be utilized. Optimally for the growth process. 

This follows the statement of [14-19] that protein utilization depends on the availability of non-

protein energy sources in the feed, affecting growth, feed conversion, nutrient retention 

efficiency, and body composition. If the energy derived from non-protein is sufficiently 

available, then most of the protein will be utilized for growth. Otherwise, most of the protein 

will be used as an energy source, reducing the protein’s function as a bodybuilder. 

 

Survival Rate 

The survival rate is the ratio of the number of fish that live at the end of the rearing period 

to the number of fish that live at the beginning of the rearing period [21-29]. Survival, also 

called survival rate (SR), is the percentage of test fish that live at the end of rearing. Of the 

number of test fish stocked at the time of rearing in a container. The survival of tilapia fish is 

primarily determined by feed and environmental conditions. Providing feed with sufficient 
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quality and quantity and good ecological conditions can support the survival of tilapia fish [12-

17, 25-40]. 

Adding coconut husk oil extract to the feed did not significantly affect the survival rate 

of tilapia fish (P> 0.05). These results are consistent with several previous studies which 

reported that feed given coconut oil was well tolerated so that it did not negatively affect the 

survival rate of tilapia ([12, 15, 22-29]. 

Survival rates in treatment A (control) treatment B (2%), treatment C (4%) and treatment 

D (6%) were 82.50%, 80%, 77.50% and 77.50%, respectively. (Table 1). According to [12-15], 

the survival value of good tilapia fish ranges from 73.5-86.0%. Meanwhile, [25-35] stated that 

the percentage of survival rate in fish if the Survival Rate (SR) is more than 50% classified as 

good category, the percentage of fish survival ranges from 30-50% classified as medium 

category, and if the survival rate fish less than 30% eat classified as a not good category. The 

survival rate of tilapia fish in this study ranged from 77.50-82.00%. This result is much higher 

when compared to the results of research [29-40] regarding the addition of Virgin Coconut Oil 

(VCO) to tilapia fish feed which ranges from 38.9-72.2%.  

The results of this research indicate that the survival rate of tilapia fish is in a suitable 

category. The mortality of fish in this study is thought to be because the fish are still adapting 

to the environment and the feed provided. This is indicated by the death of fish that occurred in 

the early weeks of rearing. This is to the statement [15-17] that fish mortality is suspected during 

the environmental adaptation process because fish mortality is obtained at the beginning of 

maintenance, and fish adaptation to the feed given is slow. 

Coconut derivatives contain abundant amounts of polyphenols and vitamin C, known for 

their antioxidant potential [13-15]. Tilapia fish fed with the addition of coconut oil also showed 

an increase in antioxidant and immune responses in tilapia, which may be due to polyphenols 

and vitamins in increasing the immune system in fish [25-35]. The content of compounds from 

coconut oil allows it to be one of the factors that can maintain the survival of tilapia fish fed 

with additional feed with coconut husk oil.  

 

Water quality 

Water quality is an external factor that can affect tilapia fish's growth [14-17]. [20-29] 

state that the waters' physical and chemical parameters significantly influence the fish's 

survival. Physical parameters can be observed from color, brightness, and temperature. At the 

same time, the chemical parameters can be observed from pH, dissolved oxygen (DO), 

ammonia, CO2, and hardness. 

 

Table 2. Water quality 

 

Parameter Average value 

Temperature 26.7-30.1 °C 

pH 6.00-8.57 

DO 5.5-7.3 mg/l 
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Based on observations (Table 2.), the water temperature during research activities ranged 

from 26.1-29.5 °C. This temperature is still within the normal temperature range for the growth 

and life of tilapia fish. This is in line with the opinion of Sumule et al. (2017) that the 

temperature range between 25-30 °C is the temperature that can produce optimal growth in 

tilapia fish. According to [31-45], temperatures between 28-30 °C are considered to be within 

the tolerable range and optimal for the growth of tilapia (Oreochromis mossambicus). The 

temperature range in the research shows that during maintenance, it is still in optimal conditions 

because the study uses a heater to keep the temperature within the appropriate content for the 

growth and life of tilapia fish. 

The metabolic rate of fish will increase at temperatures above the optimum temperature. 

This metabolic process can cause low oxygen levels in the water [45-50]. Meanwhile, suppose 

the water temperature is low. In that case, it can cause fish to be more susceptible to parasitic 

infections because, in low-temperature conditions, the fish are more likely to be silent and 

experience a decrease in appetite [45-55]. 

The observations of water pH results during research activities ranged from 6.00-8.57 

(Table 2). The pH range in the research is still within the normal pH range for the growth of 

tilapia fish. The acidity (pH) degree in tilapia fish farming activities has a good pH range of 

6.5-8.5 [40-49]. The optimum and suitable pH value for tilapia is 6-8.5, but tilapia fish can still 

tolerate pH values in the range of 5-11 [45-50]. Changes in the pH value of water can affect the 

growth of each organism in it and other biological activities. For waters with a high pH value, 

it will impact increasing levels of non-ionized ammonia (Jannah et al., 2021). According to [15-

25, 44-50], pH values that are too high can cause high amounts of ammonia in the waters. 

DO levels in this study ranged from 5.5 to 7.3 mg/l. The range of dissolved oxygen levels 

in the research is still within the normal range for the growth and survival of tilapia fish. This 

is to the statement of [31-37] that dissolved oxygen levels for optimum growth of tilapia fish is 

five mg/l. According to [50-55], the optimal water conditions for tilapia fish farming activities 

are not less than 5 mg/L. If the dissolved oxygen level in the water is 1-3mg/l, it can cause a 

sub-lethal effect on the growth and utilization of fish feed, while the dissolved oxygen level in 

the range of 0.3-0.8 mg/l can cause death in fish (Bhatnagar et al. 2004). According to [55-59], 

if dissolved oxygen levels are in conditions that are not optimal, it can cause fish to become 

stressed because fish do not get sufficient oxygen supply, so fish body tissues experience a lack 

of oxygen and cause fish because fish cannot bind oxygen in the blood. 

 

 

4.  CONCLUSION 

 

Adding coconut husk oil extract to the feed affected the growth rate of tilapia fish seeds, 

as indicated by the increase in the specific growth rate and efficiency of feed utilization in 

tilapia fish seeds compared to the control treatment. The specific growth rate and the highest 

feed efficiency of tilapia were produced in treatment B (2%). So, the DO levels in this study 

ranged from 5.5 to 7.3 mg/l. The range of dissolved oxygen levels in the research is still within 

the normal range for the growth and survival of tilapia fish. This is to the statement of [55-59] 

that dissolved oxygen levels for optimum growth of tilapia fish is five mg/l.  

According to [31-32], the optimal water conditions for tilapia fish farming activities are 

not less than 5 mg/L. If the dissolved oxygen level in the water is 1-3mg/l, it can cause a sub-

lethal effect on the growth and utilization of fish feed, while the dissolved oxygen level in the 
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range of 0.3-0.8 mg/l can cause death in fish [12, 31, 55]. According to [59-61], if dissolved 

oxygen levels are in conditions that are not optimal, it can cause fish to become stressed because 

fish do not get sufficient oxygen supply, so fish body tissues experience a lack of oxygen and 

cause fish because fish cannot bind oxygen in the blood. Adding coconut husk oil extract of as 

much as 2% is the recommended level in feed because it can provide specific growth rates and 

the best feed utilization efficiency in tilapia fish seeds compared to other treatments. 
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