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ABSTRACT
Feed cost has been a major challenge to the competitiveness of the poultry industry of 
Ghana due mainly to high cost of proteins. Insect larvae meals seem convenient alternatives 
however their use on commercial scale is unknown in Ghana. Three 8-week feeding trial 
using three isonitrogenous, isocaloric diets in a three-phase feeding strategy involving 1320 
broiler DOCs was conducted. BSFLM was used as replacement for fishmeal and as partial 
replacement for soybean meal to determine its effect on broiler productivity, profitability and 
carcass measurements. The results indicated that replacing fishmeal with BSFLM significantly 
improved weight gain, feed conversion efficiency and production efficiency factor (PEF). No 
detrimental effect was observed on carcass and specific organ measurements. Using the partial 
budgeting approach on a 500-bird estimation an increase of one thousand, one hundred and 
eleven Ghana cedis (GH₵1,111.00) was obtained when the fishmeal was replaced with BSFLM. 
Also, an increase of four hundred and sixty-seven Ghana cedis (GH₵467.00) was estimated 
when soybean meal was partially replaced with BSFLM. It was concluded that BSFLM can be 
used to improve the productivity and profitability of broiler production.
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Introduction
Poultry worldwide is raised to provide food 
(meat and eggs), employment, manure and 
income (FAOSTAT, 2016). Being among the 
most commonly consumed animal-sourced 
foods and also the most accepted in most 
cultures, the poultry sector has become the 
fastest-growing enterprise within

 the animal subsector in the world (Alexandratos 
& Bruisma, 2012). This increasing demand 
is corroborated by the Food and Agriculture 
Organisation (FAO) who projected a 58% to 
70% increase in demand for meat and dairy 
products by the year 2050 (FAO, 2011). One 
of the possible ways of meeting the increasing 
demand is through intensification of the poultry 
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production systems. This system, though 
efficient, requires a continuous supply of 
good quality feeds. However, conventionally 
known poultry feed ingredients such as maize, 
soybean and fishmeal are also major food items 
in human nutrition. Thus, the increasing human 
population would mean increasing demand for 
poultry products and subsequently increasing 
demand for maize, soybean and fishmeal.

Feeding poultry has become a major 
challenge to the industry, especially in the 
developing world. The high cost of feeding has 
made the locally produced broiler chicken less 
competitive against imported types (Willems 
et al., 2013; Waller, 2007; Okai et al., 2005; 
Omole, 2005). One critical nutrient in poultry 
feeds is protein which is conventionally supplied 
by fishmeal and soybean. The soybean meal 
(plant protein) which happens to be cheaper 
than fishmeal, is reported to have limited levels 
of methionine, lysine and threonine (essential 
amino acids) (Jozefiak et al., 2016) and may 
not adequately replace fishmeal without 
adequate supplementation with synthetic forms 
of these essential amino acids. However, the 
use of synthetic amino acids increases Ghana's 
demand for foreign exchange. Also, the use of 
fishmeal and soybean has become ecologically 
and economically unsustainable (Barona et al., 
2010 and FAO, 2012) because the natural fish 
resources are overexploited (Frid & Paramor, 
2012) and again aquaculture requires high 
amounts of fishmeal and soybean (Bene et al., 
2015). This worsens the supply and price of fish 
meal. There is, therefore, the need to identify 
cheaper, rich and safe sources of alternative 
proteins for poultry production in Ghana.

The use of insects and their larvae as 
animal feed ingredient is being promoted in 
many African countries (Pomalégni et al., 2017; 
Barre et al., 2014) as an alternative protein with 

the potential to increase the competitiveness 
of the poultry production. Insects have made 
significant contributions to animal production 
as feed ingredient; having been natural food 
for the wild fish and scavenging poultry 
(Bovera et al., 2015; Charlton et al., 2015). 
For instance, the use of termites in poultry 
production has existed for a long time in the 
rural or indigenous systems (Bovera et al., 
2015; Charlton et al., 2015; Belluco et al., 
2013; van der Spiegel et al., 2013; Hem et 
al., 2008; Newton et al., 2005b; and Calvert 
et al., 1969). The biological efficacy of insect 
proteins in poultry nutrition has been reported 
for termites (Diawara, 2013), housefly larvae 
(Dankwa et al., 2002) and BSFLM (Charlton et 
al., 2015; Kenis et al., 2014). However, the use 
of black soldier fly larvae meal (BSFLM) as 
an economically convenient alternative protein 
for commercial poultry production in Ghana 
requires investigation. 

The black soldier fly (BSF), (Hermitia. 
Illucens) is a diptera fly of the Stratiomyidae 
family that is native to the Americas but 
now widespread throughout the tropical and 
temperate regions (Sheppard et al., 1994) 
being tolerant to a wide range of environments 
(Gujarathi & Pajaver, 2013; Martinez-Sanchez 
et al., 2011) and amenable to mass production 
under intensive systems to produce larvae meal 
and to process organic waste. The black soldier 
fly larvae meal (BSFLM) is a good quality 
feed ingredient. It has high Metabolizable 
energy (20 – 24 MJ/Kg) and crude protein 
(38.0% - 60.4%) comparable to fishmeal 
(60.5% - 65%) and soybean (42.0% - 47%) 
and about 90% digestible (Arango Gutierrez 
et al., 2004). It is a safe product that contains 
natural anti-microbial polypeptides (AMPs) 
to control infections or diseases (Ushakova et 
al., 2016). However, information on the effect 
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of BSFLM on the cost of poultry feed, broiler 
growth performance, carcass characteristics 
and profitability of broiler production in Ghana 
is limited. 

This study was conducted to assess the 
effect of BSFLM inclusion in broiler feeds on 
broiler productivity and profitability in Ghana. 
Specifically, the study assessed the effect of the 
inclusion of BSFLM on the cost of broiler feeds, 
broiler productivity, carcass characteristics and 
profitability. This study shows the potential of 
larvae meals as alternative protein source for 
poultry production and adds to evidence for 
policymakers to consider insect larvae meals 
as ingredient in animal feeds in Ghana.

Materials and Methods
Experimental Site
The feeding trials were conducted at the CSIR-
Animal Research Institute, Pokuase Station. 
The station is located on longitude 0o16’59”W 
and Latitude 05o40’59”N in the coastal 
savannah ecological zone. The experiments 

were conducted from October, 2017 to June, 
2018. The temperature and rainfall ranges for 
the period were 18oC – 36oC and 20 mm – 240 
mm respectively. 

Feed formulation
Three isocaloric and isonitrogenous broiler 
diets were compounded to conform to the 
nutrient specifications of NRC (1994): Starter 
diets of 22-23% crude protein/11-12 MJ 
Metabolizable energy, Grower diet of 20-21% 
crude protein/11-12 MJ Metabolizable energy 
and Finisher diets containing 18-19% crude 
protein/11-12 MJ Metabolizable energy were 
used for the experiments. Treatment 1 (T1) 
contained soybean meal as the sole source 
of protein. Treatment 2 (T2) contained a 
combination of soybean and fishmeal while in 
Treatment 3 (T3) the fishmeal component was 
completely replaced with the black soldier fly 
larvae meal. The fishmeal components were 8% 
in the starter, 5% in the grower and 2% in the 
finisher diets. Details of the feed formulation 
and costs for the trials are shown in Table 1. 

TABLE 1       
 Composition of Diets for Starter, Grower and Finisher Stages of Broiler Birds

Starter Diet Grower Diet Finisher Diet

Ingredient Composition SBM Diet 
(T1)

Fish 
Diet 
(T2)

BSF 
Diet 
(T3)

SBM 
Diet 
(T1)

Fish Diet 
(T2)

BSF 
Diet 
(T3)

SBM 
Diet
(T1)

Fish 
Diet 
(T1)

BSF Diet 
(T2)

Maize 58.45 61.50 52.30 59.50 62.15 53.50 62.05 65.00 58.0
Wheat bran 0.00 2.00 0.00 2.50 2.50 4.00 7.00 5.00 10.0
Soybean meal 37.15 24.70 35.65  33.55 26.00 33.00 27.00 25.00 26.05
Fishmeal 0.00 8.00 0.00 0.00 5.00 0.00 0.00 2.00 0.00
BSFLM 0.00 0.00 8.00 0.00 0.00 5.00 0.00 0.00 2.0
Lysine 0.30 0.25 0.25 0.20 0.20 0.20 0.20 0.25 0.2
Methionine 0.05 0.00 0.00 0.10 0.10 0.10 0.10 0.10 0.1
Dicalcium phosphate 1.40 1.00 1.30 1.00 1.00 1.00 1.00 1.00 1.0
Oyster shell 1.50 1.50 1.50 2.00 2.00 2.00 2.00 2.00 2.0
Salt 0.35 0.25 0.20 0.35 0.25 0.40 0.35 0.30 0.35
Min/vit premix 0.30 0.30 0.30 0.30 0.30 0.30 0.25 0.25 0.25
Avatec feed additive 0.50 0.50 0.50 0.50 0.50 0.50 0.10 0.10 0.10
Calculated Analysis
ME (MJ/Kg) 11.52 11.99 11.45 11.54 11.81 11.35 11.49 11.78 11.27
Crude Protein (%)
Crude Fibre (%)

22,13
2.74

22.32
2.56

21.68
2.78

 21.02
2.78

21.11
2.63

21.05
3.04

19.02
3.06

19.00
3.04

18.96
3.39
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The costs (C) of the experimental diets were 
computed using the market prices of the 
ingredients as the sum of the products of the 
quantities (qi) of ingredient ‘i’ in the formulation 
and their prices (pi). This was specified as 
		
	 C = ∑pi X qi			 

Experimental design 
Three feeding trials were conducted to 
determine the effect of BSFLM substitution 
and season of rearing on broiler chicken 
performance. The first trial was conducted 
between October-December, 2017 which was 
the onset of the dry season. The second was 
done in January- March, 2018 representing the 
major dry season and the third was conducted 
from April –June, 2018, representing the major 
rainy season. Each of the experiments lasted 
for eight weeks to conform to the conventional 
broiler growing period in Ghana. 
	 A total of 1320 Cobb broiler day-old 
chicks were used in the three feeding trials. 
In the first trial (October-December, 2017), 
480 day-old chicks were tagged, weighed 
and distributed among the three treatments. 
Each treatment was replicated four times with 
40 birds per replicate. The same number of 
treatments, replicates and birds were repeated 
for the second trial. In the third trial, 360 chicks 
were used due to inadequate number of chicks. 
The three treatments and the number of birds 
(40) per replicate were maintained but the 
number of replicates was reduced to three. In 
all trials, the Complete Randomised Design 
(CRD) was used. 

The recommended feeding regime 
of The National Research Council (NRC) 
(1994) namely; three weeks for Starter diet, 
three weeks for Grower diet and two weeks for 
Finisher diet, was used for the experimentation. 

The birds were allowed free access to feed and 
water in deep litter cubicles allowing a stocking 
rate of 15 birds/m2 for the adults. Prophylactic 
treatment schedule prescribed by the Veterinary 
Service Department (VSD) of Ghana was duly 
followed. 

Parameters monitored
The birds and feed were weighed weekly 
and used to determine weight gain and feed 
intake while mortalities were recorded daily. 
Weight gain was determined as the increase 
in body weight. Feed intake was determined 
as the difference in the weight of feed offered 
and feed leftover. Feed productivity or feed 
conversion ratio (FCR) was determined as the 
ratio of feed intake (FI) to weight gain (WG). 
Feed cost (FC) was calculated as the product 
of feed intake (FI) and unit price of the feed 
(P). Bird liveability or survivability (L) was 
computed using the formula of Abdurofi et al., 
(2016) as;
					   

Where ‘n’ is the number of birds alive at the 
end of the experiment and ‘N’ is the initial 
number of birds used 
The production efficiency factor (PEF) was 
computed using the formula prescribed by Ross 
Broiler Management (2009) and expressed as:

 					   
	

where ‘L’ denotes liveability or survival rate; 
‘BWt’ denotes liveweight of bird at slaughter 
(average live weight of birds at 8th week); ‘D’  
refers to the number of days taken to reach 
slaughter or market weight and FCR refers to 
feed conversion ratio estimated by Abdurofi et 
al., (2016).
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In determining the effect of the dietary treat-
ment on the carcass characteristics four birds 
(two females and two males) were randomly 
selected from each replicate at the end of the 
experimental period. These birds were slaugh-
tered by severing the jugular vein and selected 
parameters namely blood, feathers, organs (liv-
er, spleen, and heart) and carcass weights were 
measured and expressed as a percentage of the 
liveweight. 
	 Data on the growth and carcass pa-
rameters were subjected to analysis of variance 
using GENSTAT 11 Analytical software. The 
differences in means were partitioned using 
the Least Significant Difference (LSD) test. 
The partial budgeting technique was used to 
compare the financial benefits of adopting 
BSFLM-containing feeding technology over 
the conventional proteins sources. Broiler pro-
duction costs were categorised into feed cost 
(FC) and other costs (OC) while revenues were 
computed as the product of the liveweight at 
end of the experiment and market price of 
GHS12.00 per kilogram.

Results
Effect of BSFLM Inclusion on the Cost of 
Broiler Feeds
Results of the effect of BSFLM inclusion on 
the cost of the various diets are shown in Table 
2. There were significant differences in the cost 
of the Starter and Grower diets. However, the 
Finisher diets showed a significant increase in 
the cost of the fishmeal-containing (T2) diet 
while the cost of soybean (T1) and the BSFLM-
containing (T3) diets was similar. The results 
indicate that using soybean as sole protein (T1) 
gave the cheapest feed followed by the BSFLM 
containing diet (T3). The fishmeal-containing 
diet (T2) was the most expensive. It was noted 
that partial replacement of the soybean with 
BSFLM significantly increased the cost of 
the Starter and the Grower diets but not the 
Finisher diet. However partial replacement of 
soybean with fishmeal significantly increased 
the cost of all feed types. Subsequently, the 
replacement of the fishmeal with BSFLM 
significantly reduced the cost of all the feed 
types (Table 2). 

					     TABLE 2	
Effect of Replacing Soybean and Fishmeal with BSFLM on Broiler Feed Cost

Feed Type Soybean Meal (GHS/
kg) (T1)

Fishmeal (GHS/kg) 
(T2)

BSFLM (GHS/kg) (T3) SEM

Starter 2.02a 2.22c 2.07b 0.01502
Grower 1.96a 2.18c 2.00b 0.01691
Finisher 1.70a 1.82b 1.70a 0.01000

NB: Means in a row with same or no superscript are not significantly different
$1.00 = GHS5.00
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Effect of Substituting Fishmeal with BSFLM 
on Broiler Chicken Productivity
The effect of the dietary treatment on broiler 
growth and productivity are presented in Table 
3. The dietary treatment had a significant 

(P<0.05) effect on mature body weight, weight 
gain and feed conversion ratio but did not 
significantly (P>0.05) affect the survivability 
of the birds.  

TABLE 3         
Effect of Dietary Treatment on Broiler Chicken Productivity

Parameter SBM 
(T1)

Fishmeal 
(T2)

BSFLM
 (T3)

SEM

Initial body weight (g/bird) 40.64 40.27 40.55 0.1328
Total Feed intake (g/bird) 5212.97 5175.36 5165.12 85.999
Mature body weight (g/bird) 2149.00ab 2081.00a 2186.00b 22.000
Weight gain (g/bird) 2107.80ab 2040.28a 2145.63b 22.089
Feed conversion ratio 2.48 2.54 2.41 0.040
Liveability (%) 87.58 88.19 90.68 1.482
Prod. Efficiency Factor 136.97ab 129.75a 147.15b 4.345
Feed cost per bird (GHS) 9.68a 10.50b 9.71a 0.160

NB: Means in a row with same or no superscript are not significantly different.

The quantity of feed (in grams) consumed by 
a bird over the study period (eight weeks) is 
shown in Table 3. The average feed intakes 
were 5,212.97 g (5.2 kg) for birds on soybean-
diet (T1), 5,175.36 g (5.2 kg) for those on 
fishmeal-containing diet (T2) and 5,165.12 g 
(5.2 kg) for those on BSFLM-containing diet 
(T3). The dietary treatment did not have any 
significant (P>0.05) effect on feed intake even 
though feed intake tended to be highest for 
the soybean diet (T1) and least for BSFLM-
containing diet (T3). 

The dietary treatment significantly 
affected the mature live weight of birds which 
translated into weight gains. It was observed 
that birds on fishmeal-containing diets (T2) had 
the least weight gain of 2,040.28 g (2.04 kg) 
while birds that were fed BSFLM-containing 
diet (T3) had significantly higher weight 
gain of 2,145.63 g (2.15 kg). However, the 
difference between the weights gains of birds 
that were fed with only soybean diet (T1) and 

those fed BSFLM-containing diets (T3) was 
not significant (P>0.05) (Table 3). 

The feed conversion ratio (FCR) 
describes the rate at which feed is converted 
into body weight. The FCR was 2.48 for 
soybean diet (T1), 2.54 for fishmeal-containing 
diet (T2) and 2.41 for BSFLM-containing feed 
(T3). The dietary treatment did not significantly 
(P>0.05) affected the FCR (T3). 

Liveability refers to the ratio of the 
number of surviving birds at the end of the 
experimentation to the initial number of birds. 
The results showed numerical increase in 
survivability when fishmeal and BSFLM were 
included in the diets however the increases 
were not statistically different (P>0.05). 

The feed costs for producing a broiler 
chicken were GH₵9.68 for soybean diet (T1), 
GH₵10.50 for fishmeal-containing diet (T2) 
and GH₵9.71 for BSFLM-containing diet 
(T3). The differences among the means were 
significantly different (P<0.05) (Table 3) 
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thus it is more expensive to produce broilers 
with fishmeal diet (T2). The study recorded 
Production Efficiency Factor (PEF) values of 
136.97 for pure soybean diet (T1), 129.75 for 
fishmeal-containing diet (T2) and 147.15 for 
BSFLM-containing diet, which are statistically 
different (P<0.05). 

The results from the analysis of 
the seasonal effect on the bird performance 
showed no significant differences indicating 
that the seasons had no serious effect on bird 
performance.

Effect of Dietary Treatment on Carcase 
Measurements
The effect of dietary treatment on broiler car-
cass measurements is presented in Table 4. The 
results indicated that all carcass characteristics 

except the liver, gizzard and neck were not sig-
nificantly (P>0.05) affected by the dietary treat-
ment. The liver of bird fed fishmeal-containing 
diet (T2) was 1.95% of the live weight of a 
bird. This was significantly higher than 1.74% 
and 1.75% recorded for birds fed soybean (T1) 
and BSFLM-containing (T3) diets respective-
ly. The gizzard weight of birds fed with fish-
meal-containing diets (T2) was 1.43% of the 
live weight of a bird. This was significantly 
lower than 1.61% recorded for birds that were 
fed with soybean (T1) or BSFLM-containing 
(T3) diets. The neck was significantly lower 
for birds that were fed with fishmeal-contain-
ing (T2) diets.

TABLE 4      
Effect of Dietary Treatment on Broiler Carcass Measurements

Parameter Soybean 
Meal (T1) 

Fishmeal (T3) BSFLM (T2) SEM 

Blood % 3.60 4.59 3.71 0.2157
Feather (%) 7.76 8.38 7.70 0.2338
Edible carcass (%) 67.69 65.98 67.11 0.4236
Liver (%) 1.74a 1.95b 1.75a 0.0400
Spleen (%) 0.06 0.05 0.05 0.0029
Gizzard (%) 1.61b 1.43a 1.61b 0.0298
Intestine (%) 5.63 5.85 5.50 0.1267
Heart (%) 0.63 0.64 0.59 0.0218
Shank (%) 4.32 4.44 4.51 0.1041
Head (%) 2.54 2.49 2.58 0.0402
Neck (%) 5.74b 5.17a 5.52ab 0.0814

           NB: Means in a row with same or no superscript are not significantly different.

Partial Budget Estimation for a Batch Produc-
tion of 500 Broilers 
The result of the partial budget estimation of the 
profitability of replacing fishmeal with BSFLM 
is presented in Table 5. The bird numbers were 
adjusted for mortality and assumed a market 

price of GHȻ12.00 per kilogram live-weight 
of bird. The estimated cost of feeding a batch 
of 500 birds was GH₵5,421.07 ± GH₵324.92 
for fishmeal-containing diet (T2) while that for 
BSFLM (T3) was GH₵5,132.24 ± GH₵147.19. 
The estimated revenue from using T2 diet 
for that batch (accounting for mortality) was 
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GH₵11,066.74 ± GH₵1,081.23 while using 
(T3) diet was GH₵11,888.94 ± GH₵312.07. 
The partial budget analysis indicates that 

farmers are likely to obtain a net gain of 
GH₵1,111.00 by replacing fishmeal with black 
soldier fly larvae meal in feed to produce 500 
broiler chickens (Table 5). 

TABLE 5
Partial Budget for Replacing Fishmeal with BSFLM in Producing 500 Broilers

Gains	 (GHS)					     Losses (GHS)
New Income					     Revenue forgone	   		
Value of chicken (BSF)		  11,888.94		 Value of chicken (fish) 	               11,066.74	
Cost forgone                                                		  New Cost
Cost of fishmeal feed		   5,421.07		 Cost of BSF feed		    	  5,132.24 
Other costs			    3,424.02		 Other costs			    3,424.02
Total Gains		                 20,734.03		 Total Loss		                 19,623.00
Net Gain			                    1,111.03

The result of the partial budget for including 
BSFLM (T3) as partial replacement of soybean 
(T1) is shown in Table 6. The cost of feeding 
BSFLM diet (T3) remained the same as 
above however the cost of the soybean was 

GH₵5,130.73 and the value of chicken raised 
on soybean diet was GH₵11,420.36. This 
yields an estimated net gain of GH₵467.07 
indicating that inclusion of BSFLM as partial 
replacement of soybean in broiler diets is better.

TABLE 6 
Partial Budget for Including BSFLM in Soybean Diet Producing 500 Broilers

Gains						      Losses
New Income					     Revenue Forgone			 
Value of chicken			   11,888.94		 Value of Chicken (soybean)	 11,420.36
Cost Forgone					     New Cost
Cost of soybean feed		  5,130.73		  Cost of BSFLM feed		  5.132.24
Other costs			   3,424.02		  Other costs			   3,424.02
Total Gains 			   20,443.69	 Total Loss			   19,976.62
Net Gain			                      467.07

The results showed that the feeds without animal 
(only vegetable) protein was cheaper than 
those containing animal proteins (fishmeal and 
BSFLM) (Table 2). This is because the price of 
soybean (GH₵3.10) was the cheapest protein 
available while that of BSFLM and fishmeal 
were GH₵3.22 and GH₵6.00 respectively. 
It can be inferred that fishmeal significantly 
increased the cost of feed and its replacement 
with soybean or BSFLM is a better option at 
reducing the cost of feed. The replacement of 
fishmeal with BSFLM significantly reduced 

the cost of the feed types. The result showed 
that the prices of the ingredients correlate 
with the cost of feed and vegetable proteins of 
lower prices can be used to formulate feeds of 
comparative quality at lower costs. However, 
low-cost feeds may not necessarily lead to 
increased profitability.

Discussion
The performance of the birds on the dietary 
treatments showed that the best growth rate 
was obtained from birds that were fed BSFLM-
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containing diets (T3) (Table 3). This result is 
consistent with an earlier study by Dankwa et 
al., (2002) that housefly larvae meal increased 
the body weight gains of broilers. The findings 
of this study are also consistent with the findings 
of Jozefiak et al. (2016) that black soldier fly 
larvae meal can conveniently replace soybean 
meal. The observed high growth rate was 
probably due to improved digestibility of the 
diets as a result of the digestibility of BSFLM 
(Arango Guttierez et al., 2014). The increased 
growth rate could also be influenced by higher 
fibre content which slows down feed passage 
to increase gizzard activity to aid digestion and 
also lower gizzard and digesta pH to stimulate 
pepsin and protein digestion (Dunkley, 2007). 
The improved digestibility of the feed made 
nutrients available for use by the birds.

It was also observed that the FCR was 
numerically best for BSFLM-containing diet 
(2.41) and worst for fishmeal-containing diet 
(2.54). The FCR values obtained in the study 
were similar to 2.4-2.6 report by Attoh-Kotoku 
et al. (2010) when they included Annato (Bixa 
orellana) leaves in broiler diets. The FCR values 
in this study were however higher than 2 which, 
according to Abdurofi et al., (2016), reduces 
profitability. The inclusion of BSFLM in feed 
slightly tended to improve FCR and could 
improve profitability. The improvement in feed 
conversion ratio translated into body weight 
gain which is attributable to the availability of 
nutrients as a result of improved digestibility of 
the larvae meal (Arango Gutierrez et al., 2014). 

The Production Efficiency Factor 
(PEF), a composite indicator of husbandry 
efficiency, was best with the inclusion of 
BSFLM. Fishmeal-containing diet (T2) had the 
worst (PEF) value. This is expected because the 
fish-containing diet (T2) had the worst FCR, 
body weight gain and the least liveability. The 

improvement in the PEF for birds that were fed 
BSFLM-containing diet (T3) could be due to 
the improvement in feed productivity (FCR) 
as a result of improved digestibility, improved 
growth rate due to availability of nutrients 
and the anti-microbial agents (antimicrobial 
peptides) in the larvae meal that might have 
helped to control pathogen proliferation and 
improved liveability. The values obtained were 
lower than the European accepted range of 200 
- 225 (Szöllösi et al., 2014). This means that the 
husbandry practices were not as efficient as that 
expected of the Europeans. There is, therefore, 
the need to improve husbandry efficiency to 
increase profitability and competitiveness.  

Dietary treatment significantly affect-
ed feeding costs. Even though the vegetable 
feeds (Starter, Grower and Finisher) were the 
cheapest, they did not result in lowest feeding 
cost because they were unable to support the 
high growth rate. The profitability of broiler 
production is associated with feed conversion 
efficiency (Abdurofi et al., 2016) which also 
correlates with feed quality (Waller, 2007; 
Nworgu & Egbunike, 2000). Since the produc-
tivity and profitability of broiler production de-
pend on feed quality and cost, attention must 
be paid to the nutrient quality, digestibility and 
cost of the ingredients. The lowered feed cost 
and better feed utilisation were responsible for 
the improved profitability of the BSFLM-con-
taining diet (T3). 

The dietary treatment did not have 
significant effect on majority of the carcass 
measurements such as blood, feathers, carcass 
yield, shank, head and some internal organs 
such as heart, spleen and intestines (Table 4). 
The results agreed with reports by Yusuf et al., 
(2015) that the use of rice milling waste did not 
significantly affect these organs. On the contrary, 
the liver, gizzard and neck in the present study 
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showed significant changes. The liver was 
significantly higher in the fishmeal-containing 
diet (T2) than the vegetable (T1) and BSFLM-
containing (T3) diets. The fishmeal-containing 
diet might have put more stress (more work) on 
the liver resulting in an increase in its weight. 
Increased demand on organs causes the organ 
to develop (hypertrophy) to manage the stress. 
For example, it is reported that higher dietary 
fibre slows down feed passage and increases 
digestion causing physical distension and 
concomitant increase in size and capacity of 
the gastrointestinal tract (Sacranie et al., 2012; 
Jorgensen et al., 1996). This explains why the 
gizzards of the T1 and T3 were significantly 
heavier than that of T2 as these diets had 
relatively higher crude fibre content (Table 1). 
There were significant differences in the mean 
weight of the neck which can also be ascribed 
to the effect of the fibre content of the diets in 
the oesophagus and the crop.  

The partial budget analysis is based 
on the principle that a change in the course of 
action is deemed beneficial if there is a gain after 
total cost associated with the change (Losses) 
is subtracted from the associated total benefits 
(Gains) (Lessley et al., 1991). In practice, 
the partial budgeting technique weighs the 
quantum of gains to be obtained in adopting the 
black soldier fly larvae meal technology against 
the costs or losses in doing so. The findings 
indicated that replacing fishmeal with BSFLM 
yielded a gain of one thousand, one hundred 
and eleven Ghana cedis (GH₵1,111.00) (Table 
5) while partial budget for partially replacing 
soybean meal with BSFLM also led to a gain 
of four hundred and sixty-seven Ghana cedis 
(GH₵467.00) (Table 6) for a batch of 500 
broilers. The gains were due to the improved 
weight gain, improved survivability and 
improved feed utilisation associated with 

the use of BSFLM. The findings suggest that 
reduced feed cost, improved survivability, 
increased feed utilisation, and higher market 
weight of birds translated to financial gains 
exhibited in partial budget analyses in Tables 
5 and 6. 

Conclusion and Recommendations
The results of the study show that the 
inclusions of black soldier fly larvae meal 
either as replacement for fishmeal or as partial 
replacement for soybean meal resulted in 
significant reduction in the cost of broiler feeds 
(Starter, Grower and Finisher) and total feed 
cost in broiler production. It also improved 
broiler growth, survivability and productivity 
and did not have any detrimental effect on 
the broiler carcass measurements. The partial 
budget analyses indicated that it is financial 
beneficial for broiler farmers to adopt BSFLM 
as protein source to be incorporated alongside 
soybean meal. It can be concluded that black 
soldier fly larvae meal is a good alternative 
protein ingredient that can be used to replace 
fishmeal but must be used in combination 
with soybean in broiler diets to improve 
the productivity and profitability of broiler 
production.
The authors make the following recommenda-
tions based on the findings of this study. It is 
recommended that; 

1.	 Black soldier fly larvae meal should 
be used in combination with vegetable 
proteins

2.	 Black soldier fly larvae meal can be 
included at a rate of up to 10% in the 
broiler diets especially the Starter 
diets

3.	 Policy-makers should consider Black 
Soldier Fly larvae meal as approved 
feed ingredients in Ghana.

S. Affedzie-Obresi et. al (2020) Ghana Jnl. Agric. Sci. 55 (2), 1 - 14
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4.	 Further studies should be carried out 
using layers and other livestock. 
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