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(Oreochromis niloticus) fed
dietary copra meal
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Ateneo Aquatic and Fisheries Resources Laboratory, Department of Biology, School of Science and

Engineering, Ateneo de Manila University, Quezon City, Metro Manila, Philippines

Introduction: Nile tilapia (Oreochromis niloticus) is one of the most cultured

species in the aquaculture industry. However, its market price is a�ected by the

increasing cost of fishmeal. Plant-based proteins are being used tomitigate the

problem.

Methodology: This paper comprehensively quantified the growth

performance and carcass composition of Nile tilapia fed copra meal via

systematic review andmeta-analysis. The literature review and paper selection

were done based on the preferred reporting items for systematic reviews and

meta-analysis method. The data from peer-reviewed papers that qualified

from the inclusion screening criteria such as standard error reporting, feeding

period, absence of dietary supplements, tilapia development stage, and crude

protein levels were subjected to meta-analysis.

Results: Results showed that growth and feed utilization parameters were

significantly di�erent (P ≤ 0.05), favoring the control over the plant-based

diets. Moreover, the pooled estimate of carcass composition of fish fed copra

meal-based diet was not significantly di�erent with that of fish fed fishmeal-

based diet (P > 0.05) except for ash content (P < 0.05). The feeding period,

crude protein level, fish development stage, and dietary copra inclusions were

subjected to meta-regression analysis due to high and statistically significant

I2 values to determine the sources of heterogeneity. The residual I2 values

showed that these factors did not a�ect the heterogeneity of the data

presented for copra meal. These e�ects may be attributed to the nutritional

quality of raw materials and other abiotic factors like feed preparation.

Conclusion: Nonetheless, data from meta-analysis using model coe�cients

revealed that the minimum required levels are 594, 617, and 462g kg−1

of dietary copra meal are needed for optimum growth performance, feed

utilization, and carcass composition of Nile tilapia, respectively. The study

showed that systematic review and meta-analysis can be a useful tool in

optimizing plant-based diets for aquaculture species.
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Introduction

In global aquaculture, tilapia industry is one of the most

stable and fast-growing. Nile tilapia (Oreochromis niloticus)

is the top-ranked and most important tilapia species being

cultured and traded. Its pivotal role in meeting the global

demand for fish product was seen in 2017 where almost 40%

of the supply came from tilapia culture (Prabu et al., 2019).

Thus, tilapia production benefits livelihood, research, income

generation, and market trade.

Feeding accounts to almost 50% of fish culture costs.

Fishmeal, which is the main protein source in fish feeds, has

been steadily dwindling in supply and increasing in cost. Local

plant-based proteins such as soybean, corn, palm kernel and pea

meal (Magbanua and Ragaza, 2022) are excellent alternatives to

fishmeal. Plant-based proteins are readily available in the market

and contain high amount and good quality of proteins. However,

these plant-based proteins contain insufficient amount of

essential amino acids (Hardy, 2010) and lack active compounds

that are otherwise markedly present in commercial fishmeal

(Gatlin et al., 2007).

Copra meal is a readily available raw material that is

globally used as an animal feed additive especially in poultry.

In aquaculture, copra meal was seen to be a feasible partial

protein source for fish feed as it can provide sufficient apparent

digestibility (Santos et al., 2009) and better growth rate (Olude

et al., 2008) in Nile tilapia fingerlings.

Un-processed copra meal can directly replace 300 g/kg

fishmeal for Nile tilapia without any negative effects on feed

intake (Obirikorang et al., 2015). Moreover, high inclusion of

copra meal (680 g/kg) supplemented with sesame meal to make

up for the lack in methionine can replace fishmeal in Nile tilapia

diets without eliciting detrimental effects (Obirikorang et al.,

2016). In a separate study, copra meal can be incorporated in

tilapia diets up to 30% (Olude et al., 2008). Its crude protein,

apparent dry matter digestibility, digestible energy, and gross

energy were found sufficient in Nile tilapia diets (Santos et al.,

2009). Although copra meal is inexpensive and proteinaceous,

copra meal lacks methionine and contains ANF such as phytic

acid, protein inhibitors, and saponins (Francis et al., 2001).

In a study, guar meal and copra meal fermented via

Saccharomyces cerevisiae was used to substitute fishmeal

in Nile tilapia diets. There was an increase in the fish

weight gain, lipid composition and protein contents at 25%

replacement (Dileep et al., 2021). The hematological analysis

revealed that the fish digestive enzymes, liver enzymes, and

blood serum parameters such as alanine aminotransferase and

aspartate aminotransferase were all unaffected by the copra

meal inclusion.

This paper uses systematic review and meta-analysis to

quantify the growth performance and carcass composition

of Nile tilapia fed copra meal. The present study also aims

to determine the effects of exogenous and endogenous

feeding factors on the response of Nile tilapia fed

plant-based proteins. The use of meta-analysis reveals

the heterogeneity across related studies and provides a

pooled result.

Methodology

Search strategy and inclusion criteria

A search strategy published by preferred reporting items

for systematic reviews and meta-analysis (PRISMA) was used

in the current study. Literature search was done using the

following search engines, such as, Google scholar, EBSCO

Discovery Search—Ateneo de Manila University, Taylor and

Francis, Wiley Online Library, and Scopus. Studies published

from 1960 to 2022 were covered. Studies focusing on fishmeal

replacement using copra meal was included in the study.

The literature search used the combinations of the following

keywords: copra meal, fishmeal, fishmeal replacement, fish

feed. Only peer-reviewed papers were included in the study

to maintain quality and credibility (Ahn and Kang, 2018).

Literatures in English language were selected. Furthermore,

the inclusion criteria were established to gather appropriate

studies for the systematic review and analysis. The criteria

include the following: (a) sufficient growth parameters (i.e., final

weight, SGR, PER, %WG) and carcass composition data with

standard errors; (b) feeding trial is at least 6 weeks; (c) copra

meal gradually replaced fishmeal in the Nile tilapia diet; (d)

a control must be present (i.e., a fishmeal-based diet); (e) no

supplementations of crystalline amino acids, any enzymes or

supplements; (f) no plant protein mixtures; (g) clear mention

of Nile tilapia growth stage (i.e., fingerling, juvenile, adult); and

(h) test diets should be iso-nitrogenous ranging from 30 to 45%

crude protein.

The selection criteria include factors that can directly

affect fish growth performance and carcass composition. For

instance, standard errors in each variable were required for

meta-analysis. Feeding duration was set at least 6 weeks, which

is the minimum standard for feed use and effectiveness in fish

culture. This means that significant growth from juveniles can

be observed at the end of 6-week feeding period. Fishmeal-based

control was included to serve as a reference for the changes

brought by the test feeds. Studies that used crystalline amino

acids, probiotics, exogenous enzymes, and any supplements

in the diets were disregarded because these substances can

directly affect the overall fish performance. Lastly, diets that

followed the standards of the dietary crude protein % in

each life stage set by Food and Agriculture Organization

were selected.
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E�ect size calculation

The overall growth and carcass composition means and

standard deviation data were treated using Hedge’s g (Novriadi,

2017) to measure the estimated effect of copra meal inclusions in

the Nile tilapia diets. Growth variables evaluated in the study are

final weight, specific growth rate (SGR), protein efficiency ratio

(PER), feed conversion ratio (FCR), and percent weight gain

(%WG). For carcass composition, the study used protein, lipid,

moisture, and ash contents as variables. A positive or negative

value from this treatment served as basis for the effects of copra

meal on the different independent variables. In each analysis, I2

was used to measure and quantify heterogeneity among studies.

Meta-regression analysis

A random-effect model via meta-regression analysis was

used to explain the heterogeneity in the study with copra meal

as predictor. Covariates that were selected for meta-regression

are fish life stage, fishmeal inclusion level, dietary copra meal

inclusion level, crude protein percentage, and feeding period.

These covariates were selected because these are exogenous

and endogenous factors wherein values are different between

included literatures. Effect size calculation and meta-regression

analysis were all analyzed and processed using Stata software.

Results

Literature search and inclusion

Figure 1 shows the number of literatures gathered from

different databases, screened using inclusion criteria, and total

papers included in the review. A total of 839 search results

coming from five search engines were collected and subjected to

the initial screening. Fifteen papers were excluded as those are

duplicates of other search results. Then, 824 were screen based

on the nature of the study and their title. A total of 741 studies

were excluded because the focus of each study did not pertain to

fishmeal replacement using copra meal and the fish species used

was not Nile tilapia. The remaining 83 studies were accessed

online and assessed based on its abstract and data availability.

The abstract screening removed 64 studies as the focus of the

literature did not qualify for the inclusion criteria. Moreover, 14

studies were excluded due to either the missing standard errors

for growth and carcass composition parameters or the different

parameters evaluated.

E�ect size calculations

Based on the results (Table 1), all the growth response and

feed utilization variables were significantly different (P ≤ 0.05)

between the control and copra treatment. All of them were in

favor of the control as indicated by the positive SMD values. For

instance, the mean weight gain under the control arm is higher

by 55.464 g compared to the copra treatment. For FCR, a lower

value is desirable. Thus, negative SMD means that the control

is favorable over the treatment. For carcass composition, only

the ash content was significant. The mean ash in the control

arm was higher by 0.049%. On the other hand, the mean values

for moisture, protein, and lipid between the control and copra

treatment were not significantly different (P > 0.05).

Heterogeneity tests showed that SMDs of all the variables

except moisture were heterogeneous. The differences among

study results were not fully accounted for by the analysis; there

are other factors that need to be investigated to account for

this heterogeneity. In the case of moisture, the SMDs are not

heterogeneous (P = 0.533) with an I2 = 0.00%. This means that

the four sets of study results used in the analysis fully accounted

for the variation in moisture content. This can also mean that

the selected studies are homogenous for moisture content as a

variable and no co-variates are needed to be analyzed via meta-

regression.

Meta-regression

For final weight (Table 2), the fish life stage had the highest

effect. A negative value in fish life stage indicates that an adult

Nile tilapia had higher SMD (i.e., difference = fingerling –

adult). The control treatment has significantly higher adult

tilapia final weight compared to fingerlings. For quantitative

factors, all except CP% had negative effects. Negative effect

values for feeding period, fishmeal, and dietary copra are

negatively associated to SMD. This means that a longer feeding

period or a higher fishmeal or dietary copra inclusion leads to

a smaller SMD (i.e., approaches negative value). As the value

leads to a negative value in each parameter, in this case, a

longer feeding period or a higher fishmeal or dietary copra

inclusion, there is higher final weight in tilapia fed the copra

treatment. On the other hand, CP% is positively associated to

SMD. This means that the final weight in tilapia fed a control

diet increases when the CP% of the diet is higher. However, none

of these effects are statistically significant (P > 0.05) and a large

percentage of heterogeneity is still unexplained as shown by the

high residual I2.

For weight gain (Table 3), the fish life stage had the highest

effect. A negative value means that the adult type had higher

SMD. This means that control treatment has significantly

higher weight gain in Nile tilapia adults than in fingerlings.

For the quantitative factors, fishmeal and dietary copra had

negative effects. Hence, fishmeal and dietary copra are negatively

associated to SMD. This means that higher fishmeal or dietary

copra inclusion leads to a smaller SMD (approaches negative

value). The copra treatment arm is expected to have higher
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FIGURE 1

Literature search and inclusion of related studies on copra meal as fishmeal replacement for Nile tilapia diet.

weight gain if the fishmeal or dietary copra inclusion is higher.

On the other hand, the feeding period and CP% are positively

associated to SMD. This means that a longer feeding period or a

higher CP% leads to a higher SMD (approaches positive value).

This means that higher weight gain is expected in the control

treatment when either the feeding trial is longer or the CP% of

the diet is higher. However, none of these effects are statistically

significant (P > 0.05) and a large percentage of heterogeneity is

still unexplained as shown by high residual I2.

For SGR (Table 4), life stage had the highest effect. A negative

value means that the adult type had higher SMD. Tilapia fed

control has higher SGR inNile tilapia adults. For the quantitative

factors, all except CP% had negative effects. Being negative,

feeding period and fishmeal and dietary copra inclusions are
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TABLE 1 Pooled estimate and heterogeneity of copra meal treatment meta-analysis.

Variable Pooled estimate Heterogeneity

MD SMD 95% CI of SMD Sig of SMD I2 (%) Sig of I2

Final weight (g) 0.121 1.380 1.224 1.537 <0.001 96.0 <0.001

Weight gain (g) 55.464 1.673 1.250 2.095 <0.001 97.2 <0.001

SGR 0.366 1.220 1.059 1.381 <0.001 97.1 <0.001

FCR −0.590 −1.116 −1.267 −0.965 <0.001 96.0 <0.001

PER 0.170 0.877 0.727 1.027 <0.001 92.1 <0.001

Ash (%) 0.049 0.228 0.086 0.371 <0.001 92.9 <0.001

Moisture (%) 0.109 0.062 −0.271 0.394 0.717 0.0 0.533

Protein (%) 0.450 0.090 −0.050 0.230 0.208 83.7 <0.001

Lipid (%) −1.833 −0.126 −0.275 0.023 0.098 97.5 <0.001

TABLE 2 Meta-regression for final weight.

Covariate Effect P Residual I2 (%)

Feeding period −0.033 0.750 96.51

Crude protein % 1.617 0.452 96.50

Fishmeal −0.064 0.287 96.41

Dietary copra −0.024 0.114 96.43

Life stage −8.956 0.371 95.86

TABLE 3 Meta-regression for weight gain.

Covariate Effect P Residual I2 (%)

Feeding period 0.333 0.466 94.53

Crude protein % 6.147 0.576 97.72

Fishmeal −0.071 0.147 92.41

Dietary copra −0.022 0.069 89.01

Life stage −9.573 0.224 92.45

negatively associated to SMD. This means that a longer feeding

period or a higher fishmeal or dietary copra inclusion leads to a

smaller SMD (approaches negative value). This means that the

fish fed copra treatment is expected to have higher SGR if there

is a longer feeding period, or a higher inclusion of fishmeal or

dietary copra. On the other hand, CP% is positively associated

to SMD. This means that a higher CP% leads to a higher SMD

(approaches positive value). Tilapia fed control diet will have a

higher SGR when the CP% of the diet is higher. However, none

of these effects are statistically significant (P > 0.05) and a large

percentage of heterogeneity is still unexplained as shown by high

residual I2.

For FCR (Table 5), life stage had the highest effect. A positive

value means that a fingerling Nile tilapia had higher SMD.

The copra treatment has higher FCR in Nile tilapia fingerlings.

The forest plot for FCR shows that SMD is positive in the

TABLE 4 Meta-regression for SGR.

Covariate Effect P Residual I2 (%)

Feeding period −0.039 0.687 97.57

Crude protein % 2.360 0.467 97.55

Fishmeal −0.056 0.300 97.45

Dietary copra −0.020 0.161 97.50

Life stage −9.762 0.278 97.20

TABLE 5 Meta-regression for FCR.

Covariate Effect P Residual I2 (%)

Feeding period 0.024 0.775 96.43

Crude protein % −1.105 0.533 96.56

Fishmeal 0.049 0.325 96.52

Dietary copra 0.017 0.185 96.53

Life stage 7.082 0.388 96.01

study of Obirikorang et al. (2016), which used Nile tilapia

fingerlings. For the quantitative factors, all except CP% had

positive effects. Hence, feeding period and fishmeal and dietary

copra inclusions are positively associated to SMD. This means

that a longer feeding period or a higher fishmeal or dietary copra

inclusion leads to a higher SMD (approaches positive value).

This will entail better FCR in tilapia fed copra treatment if

the feeding period is longer or if the fishmeal or dietary copra

inclusions is higher. On the other hand, the CP% is negatively

associated to SMD. A higher CP% leads to a smaller SMD

(approaches negative value). This means that tilapia fed control

diet is expected to exhibit better FCR when the CP% of the

diet is higher. However, none of these effects are statistically

significant (P > 0.05) and a large percentage of heterogeneity

is still unexplained as shown by high residual I2.
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TABLE 6 Meta-regression for PER.

Covariate Effect P Residual I2 (%)

Feeding period −0.009 0.437 90.85

Crude protein % 0.389 0.024 67.15

Fishmeal 0.003 0.853 92.92

Dietary copra 0.002 0.514 91.46

TABLE 7 Meta-regression for ash.

Covariate Effect P Residual I2 (%)

Feeding period −0.010 0.261 88.87

Crude protein % −0.116 0.608 94.32

Fishmeal 0.010 0.045 76.49

Dietary copra 0.003 0.047 78.43

Life stage 1.272 0.214 90.76

For PER (Table 6), the CP% of the diet had the highest

effect. A positive value means that a higher CP% leads to higher

SMD. This effect was found to be significant (P ≤ 0.05) and the

residual I2 went down to 67.15% only. For the other quantitative

factors, all except feeding period had positive effects. Hence,

fishmeal and dietary copra inclusions are positively associated

to SMD. This means that higher a fishmeal or dietary copra

inclusion leads to a higher SMD (approaches positive value).

Tilapia fed control is expected to have higher PER if the inclusion

of fishmeal or dietary copra is higher. On the other hand, the

feeding period is negatively associated to SMD. A longer feeding

period leads to a smaller SMD (approaches negative value). This

means a higher PER is expected in tilapia fed copra treatment

when the feeding period is longer.

For ash content (Table 7), life stage had the highest effect.

A positive value means that the adult Nile tilapia had higher

SMD.When tilapia is fed a control diet, the control diet increases

the carcass ash composition among adults. For the quantitative

factors, the feeding period and CP% had negative effects. Hence,

the feeding period and CP% are negatively associated to SMD.

This means that a longer feeding period or a higher CP% leads

to a smaller SMD (approaches negative value). Tilapia fed copra

treatment is expected to have higher carcass ash composition

when the feeding period is longer or if the CP% of the diet is

higher. On the other hand, fishmeal and dietary copra inclusions

are positively associated to SMD. This means that a higher

fishmeal or dietary copra inclusion leads to a higher SMD

(approaches positive value). Tilapia fed control diet has higher

carcass ash composition when the fishmeal or dietary copra

inclusion is higher; these effects are statistically significant (P

≤ 0.05).

For moisture content (Table 8), the CP% of the diet had the

highest effect. A positive value means that a higher CP% in the

TABLE 8 Meta-regression for moisture composition.

Covariate Effect P Residual I2 (%)

Feeding period 0.018 0.539 0.00

Crude protein % 0.622 0.294 0.00

Fishmeal −0.002 0.506 0.00

Dietary copra −0.0004 0.531 0.00

Life stage −0.252 0.539 0.00

TABLE 9 Meta-regression for protein composition.

Covariate Effect P Residual I2 (%)

Feeding period −0.005 0.351 70.33

Crude protein % −0.084 0.502 86.87

Fishmeal −0.001 0.720 84.96

Dietary copra −0.001 0.578 86.31

Life stage −0.640 0.295 86.86

diet leads to a higher SMD. Tilapia fed control has higher carcass

moisture composition if CP% of the diet is higher. For the other

quantitative factors, feeding also had positive effects. On the

other hand, fishmeal and dietary copra inclusions are negatively

associated to SMD. Tilapia fed copra treatment has higher

carcass moisture composition when the fishmeal or dietary

copra inclusion is higher. However, none of these effects are

statistically significant (P > 0.05). All residual I2 are zero since

heterogeneity is 0% in the meta-analysis for moisture content.

For protein composition (Table 9), the life stage had the

highest effect. A negative value means that the Nile tilapia adult

had higher SMD. Tilapia adults fed control has higher protein

composition. For the quantitative factors, all had negative effects.

This means that a longer feeding period or a higher CP%

or a higher fishmeal or dietary copra inclusion leads to a

smaller SMD (approaches negative value). Tilapia fed copra

treatment has higher carcass protein composition if the feeding

period is longer, or if the dietary CP% is higher, or when the

inclusion of fishmeal or dietary copra is higher. However, none

of these effects are statistically significant (P > 0.05) and a large

percentage of heterogeneity is still unexplained as shown by high

residual I2.

For lipid composition (Table 10), the life stage had the

highest effect. A positive value means that Nile tilapia fingerlings

had higher SMD. Tilapia fingerlings fed control diet has higher

carcass lipid composition. For the quantitative factors, all had

positive effects except CP%. This means that a longer feeding

period or a higher fishmeal or dietary copra inclusions leads to

a higher SMD (approaches positive value). Tilapia fed control

diet has higher carcass lipid composition if the feeding period is

longer or if the inclusion of fishmeal or dietary copra is higher.

On the other hand, carcass lipid composition is expected to
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TABLE 10 Meta-regression for lipid composition.

Covariate Effect P Residual I2 (%)

Feeding period 0.029 0.575 96.75

Crude protein % −1.057 0.326 97.88

Fishmeal 0.029 0.331 97.65

Dietary copra 0.010 0.207 97.74

Life stage 5.340 0.299 97.91

TABLE 11 Minimum required inclusion levels of dietary copra per

variable.

Parameter Minimum

required levels of

dietary copra (g

kg−1)

Predicted SMD

Final weight 594 −0.02

Weight gain 658 −0.01

SGR 669 −0.01

FCR 617 0.02

PER Not estimable

Ash Not estimable

Moisture 462 < −0.01

Protein 1,036 < −0.01

Lipid 717 < −0.01

increase in the copra treatment when CP% is higher. However,

none of these effects are statistically significant (P > 0.05) and

a large percentage of heterogeneity is still unexplained as shown

by high residual I2.

Listed in Table 11 are the minimum required levels of

dietary copra for each parameter which will result in a negative

predicted SMD. If the predicted SMD is negative, it means that

the copra treatment is favorable over the control (except for FCR

where a positive SMD is preferred). The minimum copra meal

inclusion is at a level of 462 g kg−1 fishmeal replacement for

a favorable final weight. The highest inclusion is at a level of

1,036 g kg−1 for a favorable total body protein composition.

Discussion

Feeding costs account to 50% of the total aquaculture

expenditure, with protein sources as the most expensive

component (Mzengereza et al., 2014). The aquaculture industry

is dependent on fishmeal as the main protein source for

feeds. Fishmeal contains balanced number of amino acids that

supports proper growth and health of fish. However, its cost

continues to rise, consequently affecting the market price of fish.

In the present study, copra meal was comprehensively

evaluated as a fishmeal replacement for Nile tilapia (Oreochromis

niloticus) diets via a systematic review and meta-analysis.

Available studies (Bamba et al., 2014; Obirikorang et al., 2015,

2016; Duodu et al., 2019; Yossa et al., 2021) on the this plant-

based ingredient show varied results. Thus, using peer-reviewed

literatures, the current study aimed to quantitatively generalize

the effects of dietary copra meal inclusions on the growth

response and carcass composition of Nile tilapia O. niloticus.

The growth performance of fish is directly related to its

nutrition. The pooled estimate in the meta-analysis of the

growth performance of Nile tilapia fed dietary copra meal

is significantly higher in the control compared to the copra

treatment. Though the relationship is not statistically significant,

meta-regression showed that the crude protein level of the diet

has a positive effect on the SMD in all growth parameters. This

means that the lower the crude protein of the feed, there is an

expected increase in the growth parameter values of Nile tilapia

fed coprameal treatment. High protein levels are associated with

excess amino acids that undergo excretion and deamination,

rendering them unused for fish growth (Luthada-Raswiswi et al.,

2021).

The present results agree with previous studies that showed

deleterious effects on fish performance when there is high

inclusion of copra meal (Hasan et al., 1997; Olude et al., 2008).

The screened papers used in the present study supplemented

copra meal at very low to extremely high levels. Only two

literatures used <30 g kg−1 of copra meal while the rest used

more than 300 g kg−1. Copra meal lacks essential amino acids

such as lysine and methionine (Ohler, 1999) and has low protein

content and high crude fiber (Hertrampf and Piedad-Pascual,

2000). These attributes could have contributed to the inefficiency

of copra meal as a fishmeal replacement. Protein quality in fish

feeds plays a key role in fish performance (Abdel-Warith et al.,

2001; Keramat Amirkolaie et al., 2014).

The proximate analysis of the tilapia carcass may be

influenced by the nutritional composition and quality of feed

ingredients. All the carcass proximate composition values

except ash of tilapia fed plant-based protein sources were not

statistically different from tilapia fed a fishmeal-based diet.

Acceptable and standard carcass composition values in grouper

(Epinephelus fuscoguttatus) (Mamauag and Ragaza, 2019) and

common carp (Cyprinus carpio) (Yusup, 2017) have been

recorded when fed dietary copra meal. This may be explained

by the sufficiency of copra meal’s crude protein, apparent dry

matter digestibility, digestible energy, and gross energy (Santos

et al., 2009). Ash composition may also be attributed to the

nutrient and mineral content of other feed materials excluding

the protein source.

The parameters or factors in the present study were

subjected to meta-regression due to the high heterogeneity.

Meta-regression aims to identify the source/s of heterogeneity

from the meta-analysis. Co-variates including feeding duration,

fish life stage, crude protein %, fishmeal level, and dietary

copra meal level were identified. The mentioned co-variates
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were chosen as these showed different values across literatures

included in the review. The residual I2 and effect P values

revealed that all the co-variates did not cause the heterogeneity

in the meta-analysis except for the moisture content of the

feed. The feed preparation and proximate characteristics or

composition of the dietary coprameal usedmay have also caused

heterogeneity. Feed preparation and proximate composition of

the copra meal were not accounted in the present study as these

were not reported in the selected studies.

The method/s used for feed and/or ingredient preparation

can affect fish performance. For instance, fermentation of

copra meal can increase its efficiency as a fishmeal replacement

(Dileep et al., 2021) since the additional fermentation

step degrades some of the non-nutritional contents in

copra meal, including high dietary fiber (Harlina et al.,

2021).

The nutritional characteristics or proximate composition

of the dietary copra meal can also affect fish performance.

Copra meal is reported as inferior to other plant-

based proteins such as soybean due to its lower and

varying nutritive contents (Ohler, 1999; Heuzé et al.,

2015).

The model coefficients from the meta-regression were

used to identify the minimum required levels of copra

meal for Nile tilapia diets. Minimum required levels indicate

that at these dietary inclusion levels, proper fish growth is

supported, and fish carcass composition remains normal and

acceptable. Results showed that 462 g kg−1 or ∼50 % of

dietary copra meal can support proper growth performance

and carcass composition of Nile tilapia. The same dietary

inclusion level was also reported in rohu Labeo rohita

(Mukhopadhyay, 2000) and Mozambique tilapia Oreochromis

mossambicus (Jackson et al., 1982) fed copra meal at 50%

inclusion level.

Conclusions and recommendations

Copra meal is a protein-rich and readily available

fishmeal replacement. In this systematic review and

meta-analysis, copra meal was reported to be an efficient

partial fishmeal replacement in diets of Nile tilapia.

Effect size calculations revealed that growth response

parameters in Nile tilapia fed plant-based protein diets is

statistically different between the control and treatment

group, with the control as the favored treatment.

However, carcass composition was likely not affected by

both treatments.

The present study suggests that the minimum required

levels are 594, 617, and 462 g kg−1 of dietary copra

meal are needed for optimum growth performance,

feed utilization, and carcass composition of Nile

tilapia, respectively.

The study identified the probable inclusion levels of

copra meal in the diets of Nile tilapia O. niloticus via meta-

analysis and meta-regression. Performing actual feeding

trials using the suggested minimum required levels in

the diets for Nile tilapia can verify the effects on the fish

performance. Furthermore, analysis of other co-variates

is recommended to identify sources of heterogeneity.

Feed preparation techniques and abiotic factors in the

feeding trials can be additionally assessed through meta-

regression as these factors can directly affect the overall

fish performance.
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