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Growth and whole-body
proximate composition of
Oreochromis niloticus Nile tilapia
fed pea meal: A systematic review
and meta-analysis

Tzodoq Obrero Magbanua and Janice Alano Ragaza*

Ateneo Aquatic and Fisheries Resources Laboratory, Department of Biology, School of Science and

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

One of the most widely cultivated species in the aquaculture sector is the Nile

tilapia (Oreochromis niloticus). However, the rising price of fishmeal has a huge

impact on its market value. Proteins derived from plants have been used to

address the issue. In this study, systematic review and meta-analysis were used

to quantitatively analyze the whole-body composition and growth of Nile tilapia

fed pea meal. Based on the preferred reporting items for systematic reviews and

meta-analysis methods, the literature review and paper selection were completed.

Meta-analysis was performed on the data from peer-reviewed studies that met

the inclusion screening requirements, namely: tilapia development stage, standard

error reporting, feeding period, lack of nutritional supplements, and crude protein

levels. The control diet outperformed the plant-based diets according to the result,

in which growth and feed utilization characteristics were significantly di�erent

(P < 0.05). All except the final weight were significantly better (P < 0.05) in

tilapia fed control compared to tilapia fed pea treatment. Additionally, the pooled

estimate of whole-body composition of fish fed a diet based on pea meal was not

substantially di�erent from that of fish fed a diet based on fishmeal (P > 0.05). Due

to large and statistically significant I2 values, the feeding interval, crude protein

concentration, fish development stage, and dietary pea meal inclusions were all

examined using meta-regression analysis to identify the sources of heterogeneity.

Not all co-variates explained the heterogeneity except for the feeding period and

crude protein % in some of the parameters. The minimum quantities of dietary

pea meal needed for best Nile tilapia performance in terms of growth, feed

utilization, and whole-body composition were found to be 4.9, 488.6, and 210.3 g

kg−1, respectively.
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Introduction

Tilapia cultivation is claimed to be profitable because it uses fish species that are disease-

resistant and only requires modest upkeep. Several species of tilapia can breed and grow in a

variety of environments, reaching a marketable size of 600–900 g in just about 6 months

(Fitzsimmons, 2000; Yue et al., 2016). In fact, global tilapia output in 2017 totaled 4.13

million tons, valued at $7.61 billion (Tacon, 2019).

Due to its high protein content and balanced ratio of key amino acids, commercially

available fishmeal has been used as the primary protein source in fish diets. The utilization
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of alternative protein sources such as plant-based proteins have

been rapidly adapted mainly due to the low supply and high

demand for fishmeal (FM). Although plant-based proteins are less

expensive than FM, they lack critical amino acids and have a

protein-sparing effect, which reduce feed resource consumption

when fed at greater doses (El-Sayed, 1999; Gonzales et al.,

2007; Hardy, 2010; Daniel, 2017). To address this, the use of

proteases may eliminate anti-nutritional hindrances from plant-

based proteins (Francis et al., 2001; Daniel, 2017).

Pea (Pisum sativum) is a common fishmeal replacement for

marine and freshwater organisms. Pea meal contains moderate

amounts of protein with limited lysine and methionine contents

and high levels of carbohydrates (Gatlin et al., 2007). It also

contains nutrient-limiting compounds like oligosaccharides and

alkaloids. In a study by Santiago et al. (2002), pea meal can

substitute 10–50% fishmeal in Nile tilapia Oreochromis niloticus

diets without negatively affecting feed efficiency and feeding

activity. Moreover, weight gain and survival rate of the tilapia

were seen similar across treatments. Feed conversion and protein

efficiency ratios were also found unaffected by replacing 92% of

fishmeal with soybean meal, copra, and rice bran in a 2:1:1 ratio

and supplemented with pea meal in increasing concentrations.

The utilization of pea meal in freshwater fish farming is not

well-known and well-studied. Aside from Nile tilapia, limited

data on pea meal-based protein diets identified its digestibility

in shrimps (Davis et al., 2002; Bautista-Teruel et al., 2003; Cruz-

Suarez, 2013), Atlantic salmon Salmo salar (Overland et al., 2009),

milkfish (Borlongan et al., 2003), Asian sea bass Lates calcarifer

(Ganzon-Naret, 2019) and rainbow trout Oncorhynchus mykiss

(Burel et al., 2000; Thiessen et al., 2003). Moreover, there are limited

studies on pea meal plant proteins as fishmeal replacement in the

diets of Nile tilapia. Aside from the lack of data, available studies

on pea meal plant proteins have reported different and conflicting

optimum inclusion levels.

Growth response studies on fishmeal replacement with plant-

based proteins mainly used percent weight gain (%WG), protein

efficiency ratio (PER), condition factor (CF), and specific growth

rate (SGR) as parameters (Figueiredo-Silva et al., 2015; Mamauag

et al., 2019; Dileep et al., 2021) to evaluate fish growth. Meanwhile,

whole-body composition gives a nutritional preview of the protein,

ash, moisture, and lipid contents of whole-body of the fish. Data

from the whole-body composition is used as a numerical basis for

growth to estimate the diet utilization of the fish.

There are only a few studies available that used systematic

review and meta-analysis to identify the effects of diets on the

overall growth and health response of cultured fish (Novriadi, 2017;

Luthada-Raswiswi et al., 2021; Reverter et al., 2021; Thepot et al.,

2021). Moreover, these studies focused on identifying the effects

of different practical protein sources on the growth of several fish

species. These studies showed that practical diets were sufficient

for proper fish growth. However, as of date, there has been no

systematic review and meta-analysis performed on the dietary pea

meal inclusion.

The present study quantifies the overall growth performance

and whole-body composition of Nile tilapia O. niloticus fed pea

meal via systematic review and meta-analysis. It aims to determine

the favorable inclusion levels of pea meal-based proteins and the

effects of different feeding factors on the response of Nile tilapia.

Meta-analysis reported the heterogeneity across related literatures

and postulated a pooled result.

Methodology

Search strategy and inclusion criteria

Preferred reporting items for systematic reviews and meta-

analysis (PRISMA) search strategy was used in this study.

Related literatures from 1960 to 2022 were covered using the

following search engines: EBSCO Discovery Search–Ateneo de

Manila University, Google Scholar, Wiley Online Library, Taylor

and Francis, and Scopus. Only studies on pea meal as fishmeal

replacement were included. The keywords used for the search

engines were fishmeal, pea meal, fishmeal replacement, Nile tilapia,

and fish feed. To maintain high quality and reliability, only peer-

reviewed studies (Ahn and Kang, 2018) in English language were

included in this study. The inclusion criteria set for the search

were: gradual pea meal replacement for fish meal in Nile tilapia

diet; sufficient growth parameters (i.e., %WG, PER, SGR, and

final weight) with standard errors; whole-body composition data

expressed as mean values ± standard errors; at least a duration

of 6 weeks for the feeding trial; presence of a fishmeal-based

diet as control; absence of plant protein mixtures; absence of

supplementation of amino acids, other supplements or additives,

and enzymes; clear indication of the development life stage of the

Nile tilapia; and iso-nitrogenous test diets with a range of 30–45%

crude protein.

The established selection criteria included considerations that

directly affects the overall fish performance. Standard errors were

required for meta-analysis in each variable. Six weeks of feeding

duration was set as the minimum standard for feed testing. A

control made of fishmeal was added to serve as a benchmark for

the modifications made by the test diets. Studies that included

crystalline amino acids, exogenous enzymes, probiotics, or any

other supplements and additives were removed from the selection

due to their direct effects fish performance. Finally, diets that

adhered to the Food and Agriculture Organization’s criteria for the

percentage of dietary crude protein in each development life stage

of the Nile tilapia were chosen.

E�ect size calculation

The means and standard deviations of all data for growth and

whole-body composition were treated using Hedge’s g (Novriadi,

2017) in determining the estimated effect of pea meal on Nile

tilapia. The data gathered on SGR, feed conversion ratio (FCR),

%WG, PER, and final weight were used to evaluate the overall

fish growth. On the other hand, protein, lipid, moisture, and ash

contents as variables were used for whole-body composition. I2 and

p-value for Q statistic was used to identify heterogeneity between

studies in each analysis. The level of significance was set to 0.05. All

calculations were done using STATA v.15 software.
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Meta-regression analysis

Meta-regression analysis was conducted using the random-

effect model to estimate the summary effect or the standard

mean difference (SMD). The identified covariates were feeding

period, crude protein content, fishmeal inclusion level, fish

development life stage, and the inclusion level of dietary

pea meal. The selected covariates were considered exogenous

and endogenous factors in which their values vary from one

study to another that may cause heterogeneity. The minimum

required pea meal levels were derived using meta-regression

models. It was identified when the SMD of covariate is at

most zero. This would mean that after this point, the dietary

pea meal has statistically better performance than the control.

The STATA v.15 software was used for all calculations in the

entire study.

Results

Literature search and inclusion

A total of 1,675 search results were gathered from the five

search engines as shown in Figure 1. There were eight studies

removed due to duplication, 1,581 studies due to different

subjects and variables evaluated while 81 did not pass the

criteria during abstract assessment and two studies did not

have sufficient data needed. A total of three papers (Santiago

et al., 2002; Schulz et al., 2007; Hussin et al., 2010) were

included for the meta-analysis on the effects of dietary pea

meal on the growth response and whole-body composition of

Nile tilapia.

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 pea treatment. All variables except final

weight were significantly better (P ≤ 0.05) in tilapia fed control

compared to tilapia fed pea treatment. The mean final weight

of tilapia fed pea treatment was higher by 3.4 g compared to

tilapia fed control. For whole-body composition, none of the

responses were significant (P > 0.05). The mean values for whole-

body ash, protein, and lipid compositions were not significantly

different (P > 0.05) between tilapia fed control and tilapia fed

pea treatment.

Forest plots visually show the effect sizes estimated in

each study and their respective weight contributions. The

solid vertical line at zero indicates statistical significance

of estimates, such that lines that pass through this mark

imply no significance. The dashed vertical line indicates the

pooled or overall estimate. Each study is represented by a

shaded square whose size depends on the weight contribution.

A larger square means higher weight. The horizontal lines

attached to the square represents the length of the confidence

interval. Lastly, the pooled or overall estimate is represented by

a diamond.

All the selected studies showed higher tilapia final weight

(Figure 2) when fed pea treatment. The study with the largest

contribution was that of Hussin et al. (2010). Overall, the final

weight of the tilapia fed pea treatment was significantly higher (P

≤ 0.05) than that of tilapia fed control diet.

Figure 3 shows that in the study of Hussin et al. (2010), where

tilapia fed pea treatment has significantly higher SGR. On the other

hand, in the study of Schulz et al. (2007), tilapia fed control diet has

significantly higher SGR. The study with the largest contribution

was that of Schulz et al. (2007). Overall, tilapia fed control diet has

significantly higher (P ≤ 0.05) SGR.

Six out of the 11 studies reported lower FCR in tilapia fed pea

treatment compared to tilapia fed control as shown in Figure 4. The

study with the largest contribution was that of Hussin et al. (2010).

However, overall, tilapia fed control diet has significantly lower (P

≤ 0.05) FCR.

There are included studies that had higher PER

values (Figure 5) in tilapia fed pea treatment compared

to tilapia fed control. However, the study with the

largest contribution was that of Schulz et al. (2007)

in which tilapia fed control showed significantly

higher (P ≤ 0.05) PER, thus affecting the overall

PER value.

All the selected studies except Schulz et al. (2007)

showed increased whole-body ash content in tilapia fed pea

treatment compared to tilapia fed control (Figure 6). The

study with the largest contribution was that of Schulz et al.

(2007). Overall, tilapia fed control diet exhibited increased

ash composition compared to tilapia fed pea treatment.

Nonetheless, this was not statistically significant (P > 0.05).

This may imply that the whole-body ash composition

was relatively equivalent between tilapia fed control and

pea treatment.

Most of the studies showed higher whole-body protein content

in tilapia fed control compared to tilapia fed pea treatment

(Figure 7). The study with the largest contribution was that of

Schulz et al. (2007). Overall, tilapia fed control diet exhibited

increased protein composition compared to tilapia fed pea

treatment, but this is not statistically significant (P > 0.05). It

may mean that the whole-body protein composition was relatively

equivalent between tilapia fed control and pea treatment.

Most of the studies showed higher whole-body lipid content

in tilapia fed pea treatment compared to tilapia fed control

(Figure 8). Overall, tilapia fed pea treatment exhibits increased

lipid composition compared to tilapia fed control, but this was

not statistically significant (P > 0.05). It may mean that the lipid

composition was relatively equivalent between tilapia fed control

and pea treatment.

Heterogeneity tests showed that the SMD of all variables were

heterogeneous (Table 1). The differences among the study results

were not fully accounted by the analysis. Moreover, there may

be other factors that necessitate inclusion for heterogeneity. Thus,

meta-regression was performed to determine factors that may have

caused the heterogeneity observed.

The moisture content was not included in the meta-analysis

because the studies selected reported dry matter only. The values

for percent weight gain were also not included because the studies

selected did not report any.
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FIGURE 1

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

Meta-regression

For final weight (Table 2), fishmeal had the highest effect.

Hence, fishmeal is positively associated to SMD. This means that

a higher fishmeal inclusion leads to a higher SMD (approaches

positive value). Tilapia fed control is expected to exhibit higher

final weight if the fishmeal inclusion in the diet is higher than

the dietary pea meal treatment. On the other hand, dietary pea

is negatively associated to SMD. A higher dietary pea inclusion

leads to a lower SMD (approaches negative value). This means

that a higher tilapia final weight is expected when the dietary pea

inclusion is higher in tilapia fed pea treatment than the fishmeal

treatment. However, even though these factors explain most of the

heterogeneity accounted in the final weight, none of these effects

were statistically significant (P > 0.05).

The fish development life stage had the highest effect on SGR

(Table 3). A negative value means that Nile tilapia adults had higher

SMD. Nile tilapia fingerlings fed control showed higher SGR while
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TABLE 1 Pooled estimate and heterogeneity of pea meal treatment meta-analysis.

Variable Pooled estimate Heterogeneity

MD∗ SMD∗ 95% CI∗ of SMD Sig of SMD I2 Sig of I2

Final weight (g) −2.285 −3.438 −4.354 −2.522 <0.001 84.4 0.002

SGR 0.229 0.864 0.363 1.366 0.001 96.9 <0.001

FCR −0.132 −0.457 −0.795 −0.118 0.008 92.1 <0.001

PER 0.260 0.671 0.346 0.996 <0.001 89.8 <0.001

Ash (%) −1.356 0.011 −0.389 0.411 0.956 94.8 <0.001

Protein (%) −0.162 0.005 −0.363 0.373 0.977 93.6 <0.001

Lipid (%) −0.325 −0.275 −0.591 0.041 0.088 77.8 <0.001

∗MD, mean difference; SMD, standard mean difference; CI, confidence interval.

FIGURE 2

Forest plot of the e�ect of pea meal on the final weight of Nile tilapia.

Nile tilapia adults fed pea treatment exhibited SGR, and this was

statistically significant (P ≤ 0.05). For the quantitative factors, the

feeding period and dietary pea inclusion levels had negative effects.

Hence, the feeding period and the levels of dietary pea meal are

negatively associated to SMD. This means that a longer feeding

period or a higher level of dietary pea inclusion leads to a smaller

SMD (approaches negative value). Nile tilapia fed pea treatment is

expected to exhibit high SGR if the feeding period is longer or if

the dietary pea inclusion is higher than the control. On the other

hand, the CP% and fishmeal inclusions are positively associated to

SMD. This means that a higher CP% or a fishmeal inclusion leads to

a higher SMD (approaches positive value). Nile tilapia fed control

diet is expected to exhibit high SGR when the CP% of the diet or

the fishmeal inclusion is higher. However, only the feeding period

and CP% were statistically significant (P ≤ 0.05).

The negative effect of type means that the Nile tilapia adults

had higher SMD for FCR (Table 4). Since it approaches a positive

value, Nile tilapia adults fed the pea treatment exhibited lower

FCR while Nile tilapia juveniles fed control showed lower FCR.

For the quantitative factors, the feeding period and dietary pea

inclusions had positive effects. Hence, the feeding period and

dietary pea inclusion levels are positively associated to SMD. A

longer feeding period or a higher dietary pea inclusion leads

to a higher SMD (approaches positive value). This means that

if the feeding period is longer or if the inclusion of dietary

pea is higher than the control, Nile tilapia fed pea treatment

is expected to exhibit lower FCR values. On the other hand,

the CP% and fishmeal inclusions are negatively associated to

SMD. This means that a higher CP% in the diet or a higher

fishmeal inclusion leads to smaller SMD (approaches negative

value). Nile tilapia fed control is expected to have lower FCR

values when the CP% of the diet or the fishmeal inclusion is

higher. However, only the CP% effect was statistically significant

(P ≤ 0.05).
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FIGURE 3

Forest plot of the e�ect of pea meal on the SGR.

FIGURE 4

Forest plot of the e�ect of pea meal on the FCR.
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FIGURE 5

Forest plot of the e�ect of pea meal on the PER.

The development life stage had the highest effect on PER

(Table 5). A positive value means that the Nile tilapia juveniles had

higher SMD. Juvenile tilapia fed control had higher PERwhile adult

tilapia fed pea treatment showed higher PER values. For the other

quantitative factors, the CP% of the diet and fishmeal inclusion had

positive effects. Hence, the CP% of the diet and fishmeal inclusions

are positively associated to SMD. This means that a higher CP%

in the diet or a higher fishmeal inclusion leads to a higher SMD

(approaches positive value). Nile tilapia fed control has higher PER

values if the CP% of the diet or the fishmeal inclusion is higher.

The CP% effect on PER was statistically significant (P ≤ 0.05). On

the other hand, the feeding period and dietary pea inclusions are

negatively associated to SMD. This means that a longer feeding

period or a higher dietary pea inclusion leads to smaller SMD

(approaches negative value). Nile tilapia fed pea treatment has

higher PER when the feeding period is longer or when the level of

dietary pea inclusion is higher.

Like the PER, the development life stage had the highest effect

on whole-body ash composition (Table 6). A positive value means

that the juvenile stage had higher SMD. Nile tilapia juveniles fed

control had higher whole-body ash content. For the quantitative

factors, all except the CP% of the diet had negative effects. Hence,

the feeding period or the fishmeal and dietary pea inclusion levels

are negatively associated to SMD. This means that a longer feeding

period or a higher fishmeal or dietary pea inclusion level leads

to a smaller SMD (approaches negative value). Nile tilapia fed

pea meal has higher whole-body ash content if the feeding period

is longer or if the level of fishmeal or dietary pea inclusion is

higher. On the other hand, the CP% of the diet is positively

associated to SMD. A higher CP% in the diet leads to a higher

SMD (approaches positive value). This means that the whole-body

ash composition is higher in Nile tilapia fed control when the

CP% of the diet is higher; this effect was statistically significant (P

≤ 0.05).

The development life stage also had the highest effect on

whole-body protein composition (Table 7). A positive value means

that Nile tilapia juveniles had higher SMD. This means that Nile

tilapia juveniles fed control has higher whole-body protein content,

and this effect was statistically significant (P ≤ 0.05). For the

quantitative factors, all except the feeding period had negative

effects. Hence, the CP% of the diet and fishmeal or dietary pea

inclusion levels are negatively associated to SMD. This means that

a higher CP% or a higher fishmeal or dietary pea inclusion leads

to a smaller SMD (approaches negative value). Nile tilapia fed pea

treatment has higher whole-body protein content if the CP% of

the diet or fishmeal or dietary pea inclusions is higher. On the

other hand, the feeding period is positively associated to SMD.

This means that the whole-body protein content in Nile tilapia fed
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FIGURE 6

Forest plot of the e�ect of pea meal on the whole-body ash composition of Nile tilapia.

control is expected to increase when the feeding period is longer;

this effect was statistically significant (P ≤ 0.05).

Similarly, the development life stage showed the highest effect

on whole-body lipid composition (Table 8). A negative value means

that Nile tilapia adults had higher SMD. Nile tilapia fed control

had higher whole-body lipid content while Nile tilapia juveniles

fed pea meal showed higher lipid content. For the quantitative

factors, the CP% of the diet and fishmeal inclusion had positive

effects. Hence, the CP% of the diet and fishmeal inclusion levels

are positively associated to SMD. A higher CP% or a higher

fishmeal inclusion leads to a higher SMD (approaches positive

value). This means that Nile tilapia fed control has higher whole-

body lipid content if the CP% of the diet or the level of fishmeal

inclusion is higher. On the other hand, the feeding period and

the level of dietary pea inclusion are negatively associated to

SMD. This means that Nile tilapia fed pea treatment has higher

whole-body lipid content when the feeding period is longer or

when the dietary pea inclusion level is higher. The effect of

feeding period, crude protein %, and level of fishmeal inclusion

on tilapia lipid composition were all statistically significant (P

≤ 0.05).

Listed in Table 9 are the minimum required levels of dietary pea

for each parameter which will result in a negative predicted SMD.

If the predicted SMD is negative, it means that the pea treatment is

favorable over the control (except for FCR where positive SMD is

preferred). The pea meal inclusions of 4.9 to 549.5 g kg−1 favor fish

growth and whole-body composition.

Discussion

Half of the total aquaculture expenses accounts to feeding

with protein as the most expensive (Mzengereza et al., 2014). The

industry heavily relies to fishmeal as protein source of fish feed.

However, its increasing price directly affects the price of fish in

the market. Furthermore, fishmeal production uses food-grade fish

that competes with human consumption (Cashion et al., 2017).

This negatively impacts the global supply of fish products (Naylor

et al., 2000), implying issues related to its sustainability and global

food security.

Plant-based protein diets are now utilized to either completely

or partially replace fishmeal. Moreover, these proteins are cheaper

and readily available. However, the anti-nutritional factors and

limiting amino acid contents of plant-based raw materials decrease

its full potential as the main protein source (El-Sayed, 1999;

Gonzales et al., 2007; Hardy, 2010; Daniel, 2017).

In this study, pea meal was evaluated using systematic

review and meta-analysis as a fishmeal replacement for Nile

tilapia O. niloticus. The included studies on pea meal as protein

source for Nile tilapia diets reported varied results. This paper

quantitatively generalizes the effect of pea meal on the overall

growth response and whole-body composition of Nile tilapia using

peer-reviewed literature.

Except for final weight, growth was significantly different

between Nile tilapia fed control and pea meal treatment.

Remarkably, the CP% of the diet has a significant positive
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FIGURE 7

Forest plot of the e�ect of pea meal on the whole-body protein composition of Nile tilapia.

relationship with the SMD of the growth parameters. This means

that with a lower crude protein in the diet, there is an expected

increase in the growth parameter values of Nile tilapia fed pea meal

treatment. The result agrees with the studies of Bahnasawy (2009)

and Carneiro et al. (2017) which showed that Nile tilapia diets

containing high crude protein can lead to growth retardation.

The CP% requirement varies depending on the life or

development stage of the tilapia. In the present study, one

publication was included per tilapia life or development stage.

The life or development stages pertain to fingerlings, juveniles,

and adults. Each development life stage is differentiated from one

another based on the fish weight. There were two publications

that reported 30 CP% (Santiago et al., 2002; Hussin et al., 2010)

in the diet and one publication (Schulz et al., 2007) reported 42

CP% in the diet. According to Food Agriculture Organization

(FAO). (2020), Nile tilapia requires 35–40%, 30–35%, and 28–32%

crude protein in the diets for fingerlings, juveniles, and adults,

respectively. One study used a diet with more than the required

crude protein (i.e., 42%) which may explain the negative effect of

CP% on the growth of fish that requires a lower CP%. Moreover,

the study by Schulz et al. (2007) contributed the most compared to

the rest of the publications as seen in the forest plots of SGR, PER,

and the ash and protein contents. This is due to the higher sample

size in Schulz et al. (2007) compared to the other publications. The

meta-regression results showed that CP% level moderately affected

most of the heterogeneity observed from the meta-analysis. The

meta-regression also showed that in some parameters including

SGR, PER, FCR, lipid and ash composition, the CP% of the

diet is significantly affected the SMD values. This means that the

manipulation of the CP% in Nile tilapia feeds significantly affects

the growth and whole-body composition of the fish, which was

likewise shown in the study of Subandiyono and Hastuti (2020).

The optimization of the feed certainly contributes to the growth

response of fish. The excess protein in feeds can lead to growth

retardation of the fish. The excess energy from the high protein

content may result in lipid accumulation which consequently

causes the lower feed intake and reduced weight gain Craig and

Helfrich (2017). Kim et al. (2016) fed parrot fish (Oplegnathus

fasciatus) with increasing levels of crude protein in the diet; the

authors showed that higher dietary protein can cause detrimental

effects on the growth response and the body composition of

parrot fish.

In the current study, the whole-body proximate composition of

Nile tilapia fed pea meal was unaffected. Similarly, previous studies

on Atlantic salmon (S. salar) (Overland et al., 2009) and gilthead

sea bream (Sparus aurata) (Pereira and Oliva-Teles, 2002; Sánchez-

Lozano et al., 2009) fed dietary pea meal resulted in unaltered

whole-body composition. This may be explained by the nutritional

profile of the pea meal used. Pea meal is reported to contain

crude protein between 20 and 25% (Abd El-Salam and El-Shibiny,

2016), 70–80% of which are globulins, namely, convicilin, legumin,

and vicilin (González-Pérez and Arellano, 2009). Although it has
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FIGURE 8

Forest plot of the e�ect of pea meal on the whole-body lipid composition of Nile tilapia.

TABLE 2 Meta-regression for the final weight.

Covariate E�ect P-value Residual I2

Fishmeal 0.0581 0.174 0.00%

Dietary pea −0.0171 0.174 0.00%

a lower protein content compared to soybean meal, pea meal

contains low fat and high starch content that can provide significant

energetic value in fish diets (Glencross, 2016).

High heterogeneity is also seen from the meta-analysis; thus,

meta-regression was performed. The co-variates were feeding

duration, crude protein %, fishmeal level, dietary pea inclusion,

and fish life or development stage. Not all co-variates explained the

heterogeneity except for the feeding period and crude protein % in

some of the parameters. SGR and protein and lipid composition

have a significant negative relationship with SMD. It means that

the longer the feeding period is, the better the fish performance

when dietary pea is used in the diet. Among the three studies

included in the meta-analysis, Hussin et al. (2010) conducted

the longest feeding duration (i.e., 98 days). Similarly, the longer

feeding duration promoted better growth performance of juvenile

European sea bass (Dicentrarchus labrax) (Gouveia and Davies,

1998) and juvenile tiger shrimp (Penaeus monodon) (Bautista-

Teruel et al., 2003) at 84 and 90 days of feeding, respectively.

Some of the heterogeneity was not explained by the co-variates.

Feed preparation, for one, is considered as a possible source of

TABLE 3 Meta-regression for the SGR.

Covariate E�ect P-value Residual
I2

Feeding period −0.1682 0.003 77.89%

Crude protein % 0.5888 0.003 77.89%

Fishmeal 0.0241 0.053 94.45%

Dietary pea −0.0109 0.607 97.44%

Development life stage∗ −7.0654 0.003 77.89%

∗Juveniles vs. fingerlings.

TABLE 4 Meta-regression for the FCR.

Covariate E�ect P-value Residual I 2

Feeding period 0.0710 0.073 88.11%

Crude protein % −0.3656 <0.001 93.13%

Fishmeal −0.0031 0.597 91.62%

dietary pea 0.0028 0.560 92.53%

Development life stage∗ −0.1116 0.901 92.78%

∗Juveniles vs. fingerlings.

heterogeneity. Several reports suggest that the method used for pea

meal preparation affects fish growth performance. For example, the

dehulling of peas resulted in significant growth promoting effects

on several aquatic species (Booth et al., 2001; Ganzon-Naret, 2019).
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TABLE 5 Meta-regression for the PER.

Covariate E�ect P-value Residual I2

Feeding period −0.0426 0.218 87.82%

Crude protein% 0.2981 <0.001 41.31%

Fishmeal 0.0008 0.876 90.24%

Dietary pea −0.0036 0.362 89.77%

Development life stage∗ 0.4852 0.510 90.77%

∗Juveniles vs. fingerlings.

TABLE 6 Meta-regression for the whole-body ash composition of Nile

tilapia.

Covariate E�ect P-value Residual I2

Feeding period −0.0543 0.634 92.34%

Crude protein % 0.5803 0.030 89.14%

Fishmeal −0.0002 0.989 94.64%

Dietary pea −0.0214 0.145 95.32%

Development life stage∗ 2.2453 0.396 94.79%

∗Juveniles vs. fingerlings.

TABLE 7 Meta-regression for the whole-body protein composition of

Nile tilapia.

Covariate E�ect P-value Residual I2

Feeding period 0.1333 0.003 85.36%

Crude protein % −0.1646 0.404 93.04%

Fishmeal −0.0140 0.067 93.61%

Dietary pea −0.0079 0.284 93.77%

Development life stage∗ 3.0518 0.006 90.13%

∗Juveniles vs. fingerlings.

TABLE 8 Meta-regression for the whole-body lipid composition of Nile

tilapia.

Covariate E�ect P-value Residual I2

Feeding period −0.0398 0.008 4.34%

Crude protein% 0.1254 0.013 28.26%

Fishmeal 0.0073 0.004 0.00%

Dietary pea −0.0016 0.543 78.25%

Development life stage∗ −0.9414 0.087 62.24%

∗Juveniles vs. fingerlings.

In another study, dehulled and raw legumes including field pea

(P. sativum), faba beans (Vicia faba), chickpeas (Cicer arietinum),

and vetch (Vicia sativa) were fed to silver perch Bidyanus bidyanus.

Except for faba beans, the dehulling of legumes significantly

improved the energy digestibility of the practical diets. Moreover,

the protein digestibility was also significantly higher in fish fed

dehulled legumes (Booth et al., 2001).

Autoclaving peas can also affect the growth response of fish.

In a study, pea meal was dehulled and autoclaved for 5min and

15min. When fed to rainbow trout (O. mykiss), dehulled and

TABLE 9 Minimum required inclusion levels of dietary pea per variable.

Parameter Minimum required levels of

dietary pea (g kg−1)

Predicted
SMD

Final weight 4.9 <-0.01

SGR 245.4 <-0.01

FCR 549.5 >0.01

PER 488.6 <-0.01

Ash 210.3 <-0.01

Protein 359.7 <-0.01

Lipid Not estimable

autoclaved pea meal for 5min improved apparent digestibility

(Hernandez et al., 2010). Hence, dehulling and autoclaving may

lead to reduction of anti-nutritional factors present in plant-based

ingredients, consequently improving fish performance (Ganzon-

Naret, 2019). Although heat treatment can decrease anti-nutritional

factors, overheating can also cause protein modification that

diminish the suitability of peas as a feed ingredient.

The minimum required levels of dietary pea meal are

identified between 4.9 and 549.5 g kg−1. These levels agree with

previous studies where dietary pea meal was fed to different fish

species. A mixture of lupin seed meal and pea meal protein

concentrate did not cause any deleterious effect on the proximate

composition of juvenile black sea bream (Sparus macrocephalus)

at 500 g kg−1 inclusion level (Zhang et al., 2012). In a separate

study, pea protein concentrate can replace fishmeal up to 60%

without adverse effects on growth performance and nutrient

digestibility of sea bass (Dicentrarchus labrax L.) (Tibaldi et al.,

2005).

Conclusions and recommendations

This study revealed that pea meal is a suitable partial

fishmeal replacement in the diets of Nile tilapia. The whole-

body composition of the fish was unaffected albeit the growth

parameters were statistically higher in control-fed fish. There

was high heterogeneity across literatures as shown in the

meta-analysis. The study determined that feeding period and

crude protein % moderately explained the heterogeneity in

some variables via meta-regression. For instance, a longer

feeding period and a higher crude protein % in the diet of

fish fed pea meal treatment led to higher growth parameter

values such as SGR, PER, and whole-body composition, and a

lower FCR.

The present study suggests that 4.9, 488.6, and 210.3 g kg−1

are the minimum requirements for dietary pea meal inclusion for

optimum growth performance, feed utilization, and whole-body

composition of Nile tilapia, respectively. It is suggested to perform

actual feeding trials to verify the effect of the identified pea meal

protein inclusion levels. Additional covariates for meta-regression

analysis are also recommended(i.e., feed preparation techniques

and abiotic factors related in fish farming), and an explicit search

on Web of Science for additional literatures.
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