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ABSTRACT
The aims of the present work were to determine by meta-analysis the responses of broiler per-
formance to increasing dietary levels of black soldier fly larvae meal (BSFLM) and to develop
prediction models of the apparent metabolisable energy corrected to zero nitrogen balance
(AMEn) of BSFLM. Eighteen studies from 12 countries that sum up to 20 experiments and
involved a total of 63 treatments with 468 replicates and 4229 birds fulfilled the requirements
for the meta-analysis. Four papers from three countries that investigated eight different samples
of BSFLM were selected for development of AMEn prediction by means of regression analysis or
artificial neural network (ANN) modelling. Growth performance results were not affected
(p> .05) by the presence of BSFLM at levels of 5.7 ± 2.3 and 15.5 ±6.0% in the diet. Multiple lin-
ear regression and ANN models showed high precision and accuracy, were unbiased and per-
formed almost identically in the evaluation dataset (R2 ¼ 0.856 and 0.858 and root mean square
error of prediction as percentage of the observed mean ¼ 5.216 and 5.241%). Feeding broilers
with diets containing 15% BSFLM is not expected to have negative effects on growth perform-
ance. The following regression model could be useful for the estimation of AMEn in BSFLM:
AMEn ¼ 4.08 (± 0.330) þ 0.295 (± 0.0158) � GE þ 0.186 (± 0.0021) � EE; where AMEn and
gross energy (GE) are MJ/kg dry matter and crude fat (EE) is % dry matter.

HIGHLIGHTS

� Feeding broilers 15% black soldier fly larvae meal in the diet does not affect performance
results.

� Metabolisable energy value of black soldier fly larvae meal can be accurately predicted from
its composition.
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Introduction

The majority of poultry meat production (92%) comes
from specialised broiler systems where high-energy
high-protein diets mostly based (>75% of total ingre-
dients) on cereal grains and oilseed cakes are fed to
promote rapid growth in a short period of time
(Mottet and Tempio 2017). This feeding system not
only directly competes for human edible crops but
also might have a negative environmental impact,
thus it should be revised with the goal of achieving
sustainable food systems in the future (Vauterin et al.
2021). In this context, the substitution of traditional
protein sources by insects could greatly aid to achieve
more sustainable broiler production systems (Khan
2018), without increasing or even reducing feed costs

(Onsongo et al. 2018), provided an adequate and
cost-effective supply from well-organised large-scale
production facilities is available (Van PhI et al. 2020).

Dried black soldier fly larvae meal (BSFLM) is one of
the most promising and studied alternatives to pro-
vide a sustainable protein source in poultry diets
(Wang and Shelomi 2017; D€orper et al. 2021). The
BSFLM has a higher crude protein content than soy-
bean meal and other common vegetal protein sources
and contains comparable amounts of most essential
amino acids (Abd El-Hack et al. 2020).

The replacement of soybean meal and/or fish meal
with BSFLM in a protein or weight basis in diets for
broilers have been widely studied in the last few years
(Opoku et al. 2018; Affedzie-obresi et al. 2020;
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Hartinger et al. 2021). Full fat, partially defatted or
highly defatted BSFLM has been included in broiler
diets at concentrations between 2 and 40% (Yaseen
Kareem et al. 2018; Murawska et al. 2021), 5 and 25%
(Dabbou et al. 2018; Neumann et al. 2018) and 4.1
and 15% (Hartinger et al. 2021; Kim et al. 2022),
respectively. The inclusion level has been kept con-
stant or has been decreased throughout the succes-
sive stages of the fattening cycle (Onsongo et al.
2018; Velten et al. 2018; Kim et al. 2022; Van der
Heide et al. 2021). The observed responses seem to
depend on the amount of BSFLM included in the diet,
with poorer results reported generally at levels higher
than 10% (Velten et al. 2018; Murawska et al. 2021),
although in many cases responses above and below
this threshold are inconsistent with no change, reduc-
tion or increase of one or several performance param-
eters at similar rates of supplementation (Dabbou
et al. 2018; Onsongo et al. 2018; Yaseen Kareem et al.
2018; Attivi et al. 2020). The negative effects found
have been attributed to a lower crude protein (CP)
digestibility due to chitin in BSFLM and to changes in
intestinal morphology (Dabbou et al. 2018; Hartinger
et al. 2021). Again, the published reviews on the use
of BSFLM in poultry diets summarise scientific litera-
ture in a descriptive and qualitative approach (Abd El-
Hack et al. 2020; Sverguzova et al. 2021). However, the
contradictory findings in the literature could be clari-
fied by submitting published results on the inclusion
of BSFLM in broiler diets to meta-analysis (Sauvant
et al. 2020).

To the best of our knowledge, except for the work
of Dabbou et al. (2018), published papers on BSFLM in
broiler diets do not mention how metabolisable
energy value of the BSFLM assayed was derived to for-
mulate the experimental diets. Digestibility studies are
the gold standard to determine the metabolisable
energy content of poultry feeds and feedstuffs, but
they are time consuming, labour intensive and costly;
hence, several efforts have been made to develop
empirical prediction equations based on regression
models (Carr�e et al. 1984; Alvarenga et al. 2011). In
the last decade, neural network based-models have
joined to the classical regression models (Mariano
et al. 2013). Developing either regression or neural
network models for prediction of metabolisable
energy value of BSFLM batches from their measured
chemical composition could be helpful in broiler feed
formulation.

The objective of the present work was double.
Firstly, to determine by meta-analysis the effects of
the inclusion of BSFLM in the diet on broiler growth

performance. Secondly, to develop prediction models
of the metabolisable energy value of BSFLM.

Materials and methods

Peer-reviewed studies written in English were searched
in Google Scholar using the operator ‘allintitle:’ and
introducing several combinations of the keywords:
‘poultry’, ‘broiler/s’, ‘chicken/s’, ‘Hermetia illucens’,
‘black soldier fly’ and ‘metabolizable energy’. The
search was limited between year 2000 and March
2022. The PRISMA flow diagram is shown in Figure 1.

Meta-analysis of the effects of BSFLM on growth
performance

Studies retrieved by the search were selected if: (1)
they clearly described the experimental design; (2)
they included a control group not fed BSFLM; (3) the
treatment diets with BSFLM were fed throughout all
the feeding phases of the fattening cycle and (4) they
reported the detailed composition of the experimental
treatments, BSFLM level of inclusion in the diets, days
on experimental treatments and at least two of the
following three parameters: feed intake (FI), body
weight gain (BWG) and feed conversion ratio (FCR).
Experiments or treatments with explicitly declared
interference factors due to environmental conditions
or diet composition were discarded. If not reported,
dietary dry matter was estimated at 90% (11 studies)
and apparent metabolisable energy corrected to zero
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Figure 1. PRISMA flow diagram (AMEn: apparent metabolis-
able energy corrected to zero nitrogen balance).
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nitrogen balance (AMEn) was calculated from proximal
composition according to equation (8) of Carr�e et al.
(1984) (two studies). Within each treatment, the con-
tents of AMEn, CP and BSFLM were averaged accord-
ing to each feeding phase duration. Finally, treatments
were coded either as ‘Control’ or as ‘BSFLM’ when the
diet did not contain or included BSFLM. Visual inspec-
tion of the data indicated that BSFLM diets could be
further coded as BSFLMlow and BSFLMhigh when the
averaged BSFLM level was lower and equal or higher
than 10%, respectively, following the results of Moula
and Detilleux (2019).

Prediction of the metabolisable energy value of
BSFLM

Four papers that reported the measured values of
gross energy (GE), CP, crude fat (EE) and apparent or
true metabolisable energy, corrected or not to zero
nitrogen balance, of eight different samples of BSFLM
were found in the search (Table 1). In all the four
papers CP was reported as total nitrogen content mul-
tiplied by the conversion factor value of 6.25. The
AMEn was selected as the target variable. A conver-
sion factor of 0.86 was derived from the results in the
work by Wolynetz and Sibbald (1984) to calculate
AMEn from true metabolisable energy corrected to
zero nitrogen balance when necessary.

Statistical analyses
In all analyses, statistical significance was declared at
p< .05. Random-effects meta-analysis was performed
with the MIXED procedure of SAS OnDemand for
Academics (SAS Institute, Cary, NC, USA), according to
the models proposed by St-Pierre (2001). Firstly, we
compared Control and BSFLM diets to investigate the
effects of inclusion of BSFLM in the diet on FBW, ADG,

FI and FCR. The linear mixed model used was: Yijk¼l
þ ºi þ �j þ º�ij þ tijk, where Yijk is the dependent
variable, l is the overall mean, Si is the random effect
of the ith experiment (Table 2), Tj is the fixed effect of
the jth level of treatment (Control, BSFLMlow and
BSFLMhigh), STij is the random interaction between the
ith experiment and the jth level of treatment, and eijk
is the residual error. The data were weighed with the
square root of the number of replicates in each treat-
ment using the WEIGHT statement. Orthogonal poly-
nomial contrasts were used to test for linear and
quadratic trends with the CONTRAST statement. The
contrast coefficients for unequally spaced treatments
(0, 5.7 and 15.5% averaged BSFLM content in the diet)
were generated with the ORPOLY function in the IML
procedure.

For the development of prediction models of
AMEn, Monte-Carlo simulation was used to overcome
the few number of observations in the original dataset
(Escobar-Bahamondes et al. 2017). A synthetic dataset
containing 5000 cases was constructed from the ori-
ginal data with the Simulation procedure of SPSS 25
for Windows (SPSS Inc., Chicago, IL, USA). The simula-
tion model assumed normal distribution of variables
and included Pearson’s correlation coefficients
between them, as well as their mean, standard devi-
ation and minimum and maximum values (the latter
calculated as the mean plus ± three times the standard
deviations) (Table 3). The synthetic dataset was ran-
domly split in three subsets namely training (60% of
cases), testing (20% of cases) and evaluation (20% of
cases). The training dataset was used in multiple
regression analysis and artificial neural network (ANN)
modelling. The regression model was developed by
stepwise regression analysis with the GLMSELECT pro-
cedure of SAS OnDemand for Academics. Independent
variables were GE, CP and EE and both linear and

Table 1. Summary the of studies used to develop prediction models of the metabolisable energy value of black soldier fly larvae
meal (BSFLM).
Author Country Type of BSFLM tested Assayed energy value Methodology

De Marco et al. (2015) Italy Full fat AME, AMEn 25% substitution in a
maize-soybean meal
based diet (34 day-old
chicks)

Matin et al. (2021) USA Partially defatted TMEn Precision feeding (25–35 g)
in conventional roosters
fasted for 26 h

Mwaniki and Kiarie (2019) Canada Highly defatted AME, AMEn 35% substitution in a
nitrogen-free diet
(17 day-old chicks)

Schiavone et al. (2017) Italy Partially defatted and
highly defatted

AME, AMEn 25% substitution in a
maize-soybean meal
based diet (32 day-old
chicks)

Note: AME: apparent metabolisable energy; AMEn: apparent metabolisable energy corrected to zero nitrogen balance; TMEn: true metabolisable energy
corrected to zero nitrogen balance.
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quadratic terms were investigated. The best model
was chosen according to the PRESS option (minimum
true prediction error through leave-one-out validation).
The ANN model was constructed using SPSS 25 for
Windows. The architecture of the ANN was a feed-for-
ward multilayer perceptron with three inputs (GE, CP
and EE), 1 output (AMEn), with linear activation func-
tion, and one hidden layer of one, two or three hid-
den units per hidden layer, with hyperbolic tangent
activation function. For many practical problems, there
is no reason to use more than one hidden layer and
as rule of thumb the number of hidden units should
be between the size of the input layer and the size of
the output layer (Heaton 2008). Initialisation value for
the random number generator was fixed at 12,345,
variables were standardised, and training was carried
out with the batch option. The optimisation algorithm
was scaled conjugate gradient with initial lambda and
sigma values set at 0.0000005 and 0.00005, respect-
ively (Møller 1993). Criteria to stop the model training
were set at the first reached, either one step without
decreasing error ratio more than 0.001 or a maximum
of 10,000 training epochs. Models’ performance was
studied in the evaluation dataset. The coefficient of
determination (R2), the root mean square error of pre-
diction (RMSEP), the standardised RMSEP (RSR), and

the concordance correlation coefficient (CCC) (Lin
1989) were used to assess prediction adequacy. The
higher the values of R2 and CCC and the lower the
values of RMSEP and RSR, the better precision and
accuracy. Moreover, to investigate biases, the mean
square error of prediction was decomposed in central
tendency error, that measures mean bias (the better,
the nearer to zero), linear error or error due to regres-
sion (the better, the nearer to zero) and random error
due to disturbances (Tedeschi 2006).

Results and discussion

Meta-analysis of the effects of BSFLM on growth
performance

Eighteen studies (14 papers and four thesis) from 12
countries that sum up to 20 experiments and involved
a total of 63 treatments with 468 replicates and 4229
birds fulfilled the requirements (Table 2). Within the
18 studies selected for the meta-analysis, 9 were car-
ried out in Africa, 7 in Europe and 2 in Asia (Table 2).
Most studies were published in years 2018, 2021 and
2020 (eight, five and two, respectively). The most rep-
resented genetic line was Ross 308 (12 experiments).
The 20 experiments in the 18 studies summed up to
22 Control treatments and 41 BSFLM treatments, with
between three and 18 replicates per treatment. A total
of 21, 10 and 5 BSFLM treatments tested full fat, par-
tially defatted and highly defatted BSFLM, respectively,
and 5 did not mention the type used. Only 10 studies
gave details on the chemical composition of the
BSFLM used. BSFLM mainly replaced protein of soy-
bean mean, fish meal or a combination of them in 28,
6 and 7 treatments, respectively. Lysine and methio-
nine levels in the experimental diets were adjusted in

Table 2. Summary of the studies included in the meta-analysis.
Author Country Line BSFLMa tested Age at data collection Time on feeding the experimental diets

Affedzie-obresi et al. (2020) Ghana Cobb 500 N.A.b 56 56
Attivi et al. (2020) Togo Ross 308 N.A. 42 42
Brede et al. (2018) Germany Ross 308 Partially defatted 35 35
Cockcroft (2018) South Africa Cobb 500 Full fat and partially defatted 32 28
Dabbou et al. (2018) Italy Ross 308 Partially defatted 35 35
Hartinger et al. (2021) Austria Ross 308 Highly defatted 35 35
Kim et al. (2022) Korea Ross 308 Highly defatted 35 35
Murawska et al. (2021) Poland Ross 308 Full fat 42 42
Neumann et al. (2018) Germany Ross 308 Partially defatted 34 34
Oluokun (2010) Nigeria Native Full fat 70 70
Onsongo et al. (2018) Kenya Cobb 500 Full fat 49 42
Opoku et al. (2018) Ghana Cobb 500 Full fat 56 56
Schoor (2017) South Africa Cobb 500 Full fat 29 29
Uushona (2015) South Africa Cobb 500 Full fat 35 32
Van der Heide et al. (2021) Denmark Ross 308 Highly defatted 35 35
Van Emmenes (2021) South Africa Ross 308 Full fat 42 35
Velten et al. (2018) Germany Ross 308 Partially defatted 34 34
Yaseen Kareem et al. (2018) India Cobb 500 Full fat 42 42
aBlack soldier fly larvae meal.
bNot available.

Table 3. Descriptive statistics of the synthetic dataset built to
develop prediction models of apparent metabolisable energy
corrected to zero nitrogen balance (AMEn) in black soldier fly
larvae meal (values on dry matter basis).
Parameter Mean Standard deviation Minimum Maximum

Gross energy, MJ/kg 22.39 1.15 18.82 25.90
Crude protein, % 53.41 8.28 28.23 80.21
Crude fat, % 17.67 8.36 0.02 44.46
AMEn, MJ/kg 13.96 1.93 8.80 20.45
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16 out of the 20 experiments. None of the studies
included in the meta-analysis reported the chitin con-
tent of the experimental diets.

Table 4 shows the descriptive statistics of the pro-
duction parameters in the studies included in the
meta-analysis. Averaged CP and AMEn contents did
not differ between treatments (p> .05). Averaged
BSFLM level was 5.7 ± 2.3 and 15.5 ± 6.0% in the
BSFLMlow and BSFLMhigh treatments, respectively.
Except for the work of Oluokun (2010), days to reach
FBW (39± 7 d), average energy consumed
(1.21 ± 0.19MJ/d) and growth performance results
were for the most part in line with expected outcomes
in the modern poultry industry (Tallentire et al. 2017;
Baracho et al. 2019).

Growth performance results were not affected
(p> .05) by the presence of BSFLM in the diet at any
level of inclusion (Table 5). The results for FI and FCR
agreed with the findings of a previous meta-analysis
that evaluated the effects of including several insects
in the diet on poultry performance (Moula and
Detilleux 2019). On the contrary to our results, those
authors found a negative effect of insects on ADG at
dietary levels of equal to or higher than 10%; how-
ever, they did not investigate possible interactions
between insect species and amounts supplied. Now
the question arises why some studies have found dif-
ferent effects on broiler performance after BSFLM
inclusion in the diet at contrasting levels, e.g. a poorer
performance at an average inclusion level of 13.5% in
the study of Velten et al. (2018) and no negative

effects at an average inclusion level of 22.3% in the
study of Brede et al. (2018). Inadequate amino acid
balance, lower CP digestibility, negative effects on
intestinal morphology and/or inaccurate assessment of
AMEn of the diets containing BSFLM might help
explain the negative effects found in some studies.

Replacing conventional protein sources by BSFLM
in the experimental diets in a protein or weight basis
might not result in a comparable balance of the
amino acids supplied to the animals, hence negatively
affecting growth performance. All but one experimen-
tal treatments of the studies included in the meta-ana-
lysis were isonitrogenous and most of them, including
the latter, incorporated at least L-lysine and DL-
methionine in the formula composition to adjust the
amino acid supply. Moreover, Fuso et al. (2021)
reported a profile of essential amino acids in the pro-
tein of black soldier fly prepupae reared on several
substrates comparable with that of soybean meal and
fish meal, except for lysine and methionine, which
showed lower contents than in fish meal protein
(Sauvant et al. 2004). However, the results of
Neumann et al. (2018) and Velten et al. (2018) suggest
that similar levels of essential amino acids in standard
diets and BSFLM diets migth not suffice always to
achieve the same production results, due to a
decreased net protein utilisation with BSFLM diets
(Neumann et al. 2018), which ultimately could be
related to a lower digestibility of essential amino acids
in such diets (Brede et al. 2018; Hartinger et al. 2021).

Table 4. Descriptive statistics of several parameters in the studies selected for the meta-analysis.
Parameter n Mean Standard deviation Minimum Maximum

Averaged BSFLM, % diet 41 11.40 6.80 2.00 34.80
Averaged AMEn, MJ/kg dry matter 63 13.97 0.81 12.64 15.08
Averaged CP, % dry matter 63 23.27 2.13 19.08 29.60
Average AMEn intake, MJ/d 63 1.21 0.19 0.72 1.64
Average CP intake, g/d 63 20.00 3.80 11.30 27.70
Initial body weight, g 37 43.70 4.80 35.30 55.00
Final body weight, g 55 2216.00 443.00 1369.00 3182.00
Average daily gain, g/d 63 55.20 13.10 20.90 76.00
Average feed intake, g/d 63 95.40 15.70 58.50 127.60
Feed conversion ratio, g/g 63 1.79 0.36 1.34 2.80

Note: BSFLM: black soldier fly larvae meal; AMEn: apparent metabolisable energy corrected to zero nitrogen balance; CP: crude
protein.

Table 5. Effects of feeding diets with increasing levels of black soldier fly larvae meal (BSFLM) on the growth per-
formance parameters of broilers.

Parameter

Diet

SEM

p

Control
n¼ 22

BSFLMlow

n¼ 17
BSFLMhigh

n¼ 24 Model Linear Quadratic

Final body weight, g 2234.00 2204.00 2166.00 61.30 .64 .39 .89
Average daily gain, g/d 57.10 56.60 55.40 1.99 .63 .39 .77
Average feed intake, g/d 97.20 94.30 94.60 1.54 .34 .35 .85
Feed conversion ratio, g/g 1.76 1.76 1.77 0.04 .95 .83 .82

Note: BSFLMlow and BSFLMhigh: 5.7 ± 2.3% and 15.5 ± 6.0% BSFLM in the diet; SEM: standard error of the mean.
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Lower diet CP digestibility due to chitin consump-
tion, a polysaccharide composed of a long-chain poly-
mer of N-acetyl-glucosamine that is the major
component in insect exoskeleton, has been blamed as
the responsible of lowering performance results when
BSFLM is included at high levels in broiler diets
(Dabbou et al. 2018). Broilers show activities of muco-
sal chitinase and N-acetyl-b-D-glucosaminidase in the
proventriculus (Koh and Iwamae 2013), but it has
been found that chitin from crustaceans negatively
affect CP digestibility and nitrogen retention at levels
above 5 and 2.8% in the diet, respectively, while
reducing overall ADG (Hossain and Blair 2007;
Khempaka et al. 2011). Hartinger et al. (2021) and Kim
et al. (2022) found significantly lower CP digestibility
in coincidence with lower FBW and ADG when fed
diets containing 8.9 and 13.8% BSFLM on average,
respectively, as compared with their controls and
lower BSFLM diets. However, BSFLM levels of 22.3%
on average and up to 10% in the diets of Brede et al.
(2018) and Yaseen Kareem et al. (2018), respectively,
did not elicit negative responses of diet CP digestibil-
ity, FBW and ADG. Furthermore, Murawska et al.
(2021) observed lower FI and reduced FBW and ADG
as compared to a control group in treatments contain-
ing 17.3, 25.8 and 34.8% BSFLM on average. Assuming
a chitin content of 5.65% in BSFLM as fed (Smets et al.
2021), the calculated dietary percentages of chitin in
the highest BSFLM treatments of Hartinger et al.
(2021), Kim et al. (2022) and Murawska et al. (2021)
were �0.50, 0.78 and 1.97%, respectively. Those values
are well below the thresholds found by Hossain and
Blair (2007) and Khempaka et al. (2011), which would
not support the chitin content in the BSFLM diets as
the only cause of the poorer results in those studies.

Changes in intestinal morphology have been also
related to poorer performance of broilers at high diet-
ary levels of BSFLM, yet results are contradictory and
inconclusive. Dabbou et al. (2018) in their 15% BSFLM
treatment and Velten et al. (2018) in their basic BSFLM
treatment (13.5% BSFLM on average) found shorter
villi along the small intestine and in jejunum, respect-
ively; hence a lower absorption of nutrients could jus-
tify the observed lower FBW and ADG in those
treatments. However, the reduced FBW and ADG at
the highest dietary level of BSFLM (8.9%) in the work
of Hartinger et al. (2021) was not accompanied by
morphological changes at jejunum or ileum.
Furthermore, Uushona (2015) and Schoor (2017) did
find neither reduced performance nor alterations of
intestinal morphology after feeding diets with up to
15% BSFLM.

Finally, inaccurate assessment of AMEn value of
BSFLM in the experimental diets should not be ruled
out as a cause of the negative effects on growth per-
formance observed in some studies. Only 10 out of
the 18 studies included in the meta-analysis reported
full or partial chemical composition of the BSFLM
assayed and none of them stated how its AMEn was
assessed, except for Dabbou et al. (2018). Merely
assuming a published value of the AMEn in BSFLM
could lead to a high error in feed formulation because
of the great variability of its chemical composition,
due not only to the rearing substrate of the larvae
(Tschirner and Simon 2015; Spranghers et al. 2017;
Meneguz et al. 2018) but also to their processing after
harvesting (Uushona 2015; Schiavone et al. 2017;
Cockcroft 2018).

Developed models for the prediction of the
metabolisable energy value of BSFLM

Published research on metabolisable energy value of
BSFLM is scarce (De Marco et al. 2015; Schiavone et al.
2017; Mwaniki and Kiarie 2019; Matin et al. 2021).
Therefore, in order to develop a prediction model, we
built a synthetic dataset from the data of the eight
observations in the original dataset compiled from
published studies. Variability of CP and EE contents in
the observations of the synthetic dataset (Table 3) was
large enough as compared to published data on
BSFLM chemical composition (Tschirner and Simon
2015; Spranghers et al. 2017; Smets et al. 2021).
Moreover, within the studies included in the meta-
analysis of the present work, CP and EE contents
ranged 36.3–71.2% and 6.3–42.4% dry matter basis,
respectively. The best multiple regression model
included GE and EE as predictors in equation (1), but
the latter accounted for more than 98% of the total
variance explained by the model. In the ANN analysis,
models with one, two or three hidden units were
trained up to 10 times each. A model with one hidden
layer and two hidden units minimised the sum of
squares error and the relative error in the testing data-
set and was retained. In this model, the relative
importance of EE, GE and CP as predictors were 74.2,
19.3 and 6.5%, respectively.

AMEn ¼ 4.08 (± 0.330) þ 0.295 (± 0.0158) � GE þ
0.186 (± 0.0021) � EE; where AMEn and GE are MJ/kg
dry matter and EE is % dry matter. Values in paren-
thesis are the standard errors of the respective
means (1)

Both models obtained in the present work showed
high precision and accuracy, were unbiased and
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performed almost identically in the training and evalu-
ation datasets (Table 6). They were equally robust and
might be able to generalise to new data with reason-
able precision and accuracy. Again, ANN models are
expected to perform better than regression models
but not always. In the present work, the ANN model
currently did not improve the prediction compared to
the regression model, which might indicate that no
interactions or non-linear terms needed to be mod-
elled (€Ozesmi et al. 2006). Our results contrast with
past studies that found better precision and accuracy
of ANN models as compared to multiple regression
models for prediction of metabolisable energy in
poultry feedstuffs (Perai et al. 2010; Sedghi et al. 2011;
Lotfi et al. 2020). Number of observations, criteria for
selection of variables in the multiple regression ana-
lysis or parametrization of the ANN model might
explain such differences (€Ozesmi et al. 2006; Kim
2008).

Conclusions

Based on the results of the present study, feeding
broiler chickens with diets containing 15% BSFLM is
not expected to have negative effects on growth per-
formance, provided that AMEn content and amino
acid supply of such diets do not differ from those
based on conventional protein sources. Until more
experimental results on metabolisable energy of
BSFLM become available to develop better prediction
models, the regression model obtained in the present
work could be useful for the estimation of its AMEn
value when formulation broiler diets.
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