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1. Introduction

Approximately one third of global meat production 
is derived from pigs (Bruinsma, 2003). In sub-Saharan 
Africa, pig production has great potential for raising 
household income of millions of resource-poor smallholder 
farmers especially women in the rural and peri-urban 
communities (Ouma et al., 2014). In Kenya, pig production 
is an important source of household income (Kagira et 
al., 2010; Mutua et al., 2010), especially for smallholder 
farmers who constitute 70% of all producers (Githigia et 
al., 2012; Mbuthia et al., 2015). However, a major barrier 
for producers is the lack of high quality feed ingredients, 
especially major protein sources such as fishmeal (FM) 

and soybean meal. Reduced market availability of these 
protein sources throughout the year has led to an increase 
in feed costs, representing 60-70% of the total costs of pig 
production. Thus, cheaper, alternative sources of protein 
for inclusion in animal feed to substitute FM and soybean 
meal are urgently needed (Ardjosoediro and Neven, 2008; 
Fiaboe and Nakimbugwe, 2017).

Although FM has a good amino acid profile and mineral 
content, which can positively impact nutrition and meat 
quality of farmed animals (Cho and Kim, 2011), in Kenya it 
is mainly obtained from silver cyprinid fish Rastrineobola 
argentea P, which constitutes the largest catch by weight of 
fish in Lake Victoria (Kolding et al., 2014). High demand 
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replacing FM by 50, 75 or 100% (w/w) was higher than for pigs fed control diet with 100% FM as protein source. 
Crude protein content of pork tissues was high (65-93% on dry-matter basis) across all dietary groups. Therefore, 
BSFLM can replace FM in pig feed. This is relevant for commercial pig feed production and provides for the first 
time a nutritional analysis of pork derived from pigs raised on BSFLM.
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for R. argentea has led to excessive fishing activities in 
Lake Victoria, prompting the lake regulatory authorities 
to institute periodic fishing bans. As a result, FM is not 
available in sufficient quantities throughout the year, 
leading to increased prices (Ardjosoediro and Neven, 2008). 
Therefore, novel protein sources, including edible insects, 
are needed to supplement the current sources of protein 
(Van Krimpen and Hendriks, 2019).

Insects contain high-quality proteins, fats and minerals, 
and are suitable alternatives to FM or soybean meal in 
animal feed (Makkar et al., 2014). The black soldier fly 
(BSF) Hermetia illucens L. (Diptera: Stratiomyidae) is 
widespread in the tropics and warm temperate regions of 
the world (Sheppard et al., 1994). BSF larvae (BSFL) feed on 
a variety of substrates including organic waste (Chia et al., 
2018; Meneguz et al., 2018), converting residual nutrients 
into high-quality insect biomass (Barragan-Fonseca et al., 
2017). Black soldier fly larval meal (BSFLM) has been used 
extensively in fish (Belghit et al., 2019; Xiao et al., 2018; 
Zarantoniello et al., 2018), poultry feeds (Onsongo et al., 
2018) and to a lesser extent in weaners and grower pig feed 
(Biasato et al., 2019; Chia et al., 2019; Newton et al., 1977), 
but its use in finishing pig feed formulation has only been 
assessed occasionally (Yu et al., 2019).

A pig production cycle produces mature pigs either for 
slaughter or reproduction, and feed is the most critical 
input in every growth phase (i.e. piglet-grower-finisher) 
in commercial pig production. The finishing phase of 
pigs, a growth phase which typically precedes slaughter, 
is marked by considerable lean growth (Kim et al., 2005). 
Inclusion of BSFLM in pig feed thus far focused on the 
piglet stage and has not yet been extensively assessed on 
the finisher phase. Yu et al. (2019) replaced soybean meal 
with BSFLM in finisher pig feeds at the rate of 4 and 8%, 
and investigated the colonic microbiota and bacterial 
metabolite production in the animals. They report that 
the inclusion of BSFL in pig feed may enhance mucosal 
immune homeostasis of finisher pigs through altering 
bacterial composition and metabolic profile in the colon 
mucosa.

Market weight is an important economic factor in pig 
production, impacting pork quality and profit. Furthermore, 
the values of different cuts of pig carcasses are different, and 
information on the proportion of primal cuts is important in 
assessing carcass yield to optimise profit (Kim et al., 2005). 
Body weight gain in finisher pigs and feed composition 
are important factors in pork production. About 80% of 
feed used in a farrow-finish operation is consumed in the 
grower-finisher phase (Njoku et al., 2015). Inadequate 
feed intake affects growth performance, thus impacting 
the cost of production.

Edible meat by-products including internal organs such 
as liver, lungs, heart, spleen and kidneys are generated 
through slaughter of pigs. These by-products make up 
an important portion of the animal’s live weight and 
can provide essential nutrients to consumers who have 
less access to meat and meat products (Fayemi et al., 
2018). However, their consumption is limited, partly 
because of perceived low nutritional quality, and varies 
among cultures and economic status (Seong et al., 2014). 
Information on the nutritional composition of edible pork 
by-products when fed insect-based feeds could positively 
influence consumer’s acceptance of these by-products 
and ensure more widespread use of insect meal in pig 
feed formulation.

The present study evaluated the effect of replacing FM with 
BSFLM on growth performance, carcass yield and meat 
quality of finisher pigs until market weight, and assessed the 
nutritional composition of some major pork by-products 
including: heart, kidney, liver, longissimus dorsi (LM), lung 
and spleen tissues.

2. Materials and methods

Study site

The experiment was conducted at the Non-ruminant 
Research Institute (NRI) of the Kenya Agricultural and 
Livestock Research Organization (KALRO) located in 
Naivasha, Kenya.

Insect meal and experimental diets

BSFL were obtained from the Animal Rearing and 
Containment Unit (ARCU), International Centre of Insect 
Physiology and Ecology (icipe), Nairobi, Kenya. BSFL were 
reared on a mixture of brewers’ spent grains from Kenya 
Breweries Limited (Nairobi, Kenya). BSFL were sterilised 
by washing in warm water (84 °C) for 10 minutes and 
then oven-dried using a stainless-steel drying machine 
model (CT-C-III Series hot air circulating drying oven, 
Henan Forchen Machinery Co., Zhengzhou, China). Dried 
BSFL were ground into BSFLM (Newton et al., 1977). The 
nutritional composition of the BSFLM used in the present 
study was previously reported by Chia et al. (2020). Diets 
were prepared to partially or completely replace FM and 
were formulated to be isonitrogenous and isoenergetic to 
meet requirements for finisher pigs (National Research 
Council, 1979). Nutritional composition of the most 
common fishmeal used in Kenya has been presented by 
Carter et al. (2015). FM content of a control (D0) diet was 
replaced at 25, 50, 75 and 100% with BSFLM to obtain 
D25, D50, D75 and D100, respectively, as experimental 
diets (Table 1).
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Table 1. Composition of experimental diets.

Parameter1 Diets2

D0 D25 D50 D75 D100

Ingredient (kg)
Maize meal 13.0 14.0 14.5 14.0 14.0
Wheat pollard 46.5 35.0 34.0 32.3 36.0
Rice polishing 27.5 33.8 33.0 34.0 30.0
Fishmeal 7.0 5.2 3.5 1.8 0.0
BSFLM 0.0 6.0 9.0 12.0 14.0
L-lysine 1.0 1.0 1.0 1.0 1.0
DL-methionine 1.0 1.0 1.0 1.0 1.0
Vitamin and mineral premix3 1.0 1.0 1.0 1.0 1.0
Bone meal 1.3 1.3 1.3 1.3 1.3
Salt 0.5 0.5 0.5 0.5 0.5
Limestone 1.2 1.2 1.2 1.2 1.2

Calculated nutrients
Crude protein (%DM) 16.2 16.4 16.4 16.5 16.4
Energy (MJ/kg DM) 11.6 11.7 11.7 11.7 11.8
Crude fat (% DM) 6.8 9.3 10.2 11.3 11.5
Crude fibre (% DM) 2.7 3.0 3.2 3.4 3.6
Analysed nutrients
Dry matter (DM) (%) 92.6 93.1 93.6 92.2 94.1
Crude protein (% DM) 12.9 14.9 15.3 14.8 16.3

Essential amino acids (% DM)
Lysine 1.1 1.2 1.3 1.2 1.3
Methionine 0.6 0.7 0.7 0.5 0.5
Methionine + cystine 0.9 0.9 0.9 0.7 0.8
Isoleucine 0.4 0.4 0.5 0.4 0.5
Leucine 0.8 0.9 0.9 0.9 1.0
Threonine 0.4 0.5 0.5 0.4 0.5
Phenylalanine 0.5 0.6 0.6 0.5 0.6
Valine 0.6 0.6 0.7 0.6 0.8
Arginine 0.8 0.8 0.8 0.7 0.9
Histidine 0.3 0.3 0.3 0.3 0.4

Nonessential amino acids (% DM)
Alanine 0.7 0.8 0.8 0.8 0.9
Aspartic acid 0.9 1.0 1.1 1.0 1.2
Cystine 0.2 0.2 0.2 0.2 0.2
Glutamic acid 1.9 2.0 2.0 1.8 2.1
Glycine 0.7 0.7 0.8 0.7 0.8
Proline 0.7 0.8 0.8 0.8 0.9
Serine 0.5 0.6 0.6 0.5 0.6

1 BSFLM = black soldier fly larval meal. DM, crude protein, essential and non-essential amino acids are results of chemical analysis of feed samples. 
Amino acid values presented are mean values of two subsamples analysed.
2 D0 = 0% (control), D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% levels of replacement of fishmeal with BSFLM.
3 Premix contained per 2 kg: vitamin A 3,000,000 IU; vitamin D3 500,000 IU; vitamin E 2,500 IU; vitamin K3 (kastab) 2,000 mg; vitamin B2 (riboflavin) 2,500 mg; 
vitamin B3 (nicotinic acid) 20,000 mg; vitamin B5 (pantothenic acid) 10,000 mg; vitamin B6 (pyridoxine) 500 mg; vitamin B12 (cobalamin) 12 mg; choline chloride 
100,000 mg; zinc bacitracin 10,000 mg; antioxidant 125,000 mg; iron (Fe) 40,000 mg, manganese (Mn) 25,000 mg; zinc (Zn) 80,000 mg, copper (Cu) 25,000 mg; 
iodine (I) 500 mg, cobalt (Co) 250 mg, selenium (Se) 100 mg.
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Proximate, amino acid and mineral composition of 
experimental diets

The dry matter content of formulated feed samples 
was gravimetrically determined after loss of water. The 
samples were heated to 103±2 °C for 3 hours until constant 
sample weight for two consecutive readings. Ash content 
was determined by ignition of samples at 550 °C in a 
muffle furnace. Dried, ground samples were exposed to 
an electromagnetic scan in the absorbance mode using 
near infrared spectroscopy at Cropnuts (Nairobi, Kenya). 
The crude protein, fat, starch, oil, acid detergent fibre, 
neutral detergent fibre, sugar and digestibility values were 
determined following standard laboratory procedures 
(Núñez-Sánchez et al., 2012; Rosales et al., 2011). The 
amino acid composition of experimental diets was analysed 
by AMINOLab (Evonik Industries, Hanau, Germany) using 
an amino acid analyser (Biochrom 30 plus, Biochrom Ltd. 
Cambridge, UK) (AOAC, 1995; Llames and Fontaine, 1994).

Mineral composition of feed samples was analysed by 
inductively coupled plasma-optical emission spectrometry 
(ICP-OES) at Cropnuts (Table 2). Ground feed samples 
were microwave-digested using a mixture of nitric acid and 

hydrochloric acid, and the resulting digest was used for ICP-
OES analysis to determine the following minerals: boron, 
molybdenum, iron (Fe), copper (Cu), zinc (Zn), cobalt, 
manganese (Mn), sodium (Na), sulphur (S), magnesium 
(Mg), potassium (K), phosphorus (P) and calcium (Ca) (Dos 
Santos et al., 2012; Sreenivasulu et al., 2017).

Animals and housing

Hybrid grower pigs (crossbreeds of purebred Large White 
and Landrace) comprising of 20 boars and 20 gilts, with 
mean body weight of 54.3±0.93 kg, were randomly assigned 
to the five dietary treatments, with eight replicate pigs 
(four boars and four gilts) per treatment. Pigs were placed 
individually in pens (3.7×1.9 m) with concrete floors. 
Each pen was provided with a one-sided feeding trough 
(1.8×0.2×0.2 m) and a nipple drinker. Each pen was 
labelled with a number and diet type while each animal 
was identified with a unique number by ear tattooing. Pig 
pens were cleaned every day by scrubbing the floor using 
straight brooms and water. Pigs were allowed ad libitum 
access to feed and water throughout the experiment.

Table 2. Mineral and proximate composition (dry matter basis) of experimental diets.1

Parameter Diets2

D0 D25 D50 D75 D100

Boron (mg/kg) 2.6 3.7 2.6 2.6 1.68
Molybdenum (mg/kg) 1.1 1.0 0.8 0.8 10.5
Iron (mg/kg) 374.2 522.9 404.4 433.1 499
Copper (mg/kg) 13.2 11.6 13.7 10.7 24.4
Zinc (mg/kg) 66.3 92.6 82.4 74.8 123
Cobalt (mg/kg) 0.1 0.2 0.2 0.1 0.44
Manganese (mg/kg) 159.7 232.5 203.3 200.2 209
Sodium (mg/kg) 2,833.7 3,744.5 3,049.2 3,384.1 942
Sulphur (%) 0.4 0.4 0.3 0.3 0.3
Magnesium (%) 0.5 0.6 0.5 0.5 0.58
Potassium (%) 0.8 1.1 0.9 0.9 0.93
Phosphorus (%) 0.8 1.0 1.0 0.9 0.64
Calcium (%) 2.5 3.0 2.6 2.1 1.58
Sugar (%) 2.5 3.6 6.2 5.6 8.66
Starch (%) 32.3 17.1 25.5 25.4 29.8
Ash (%) 8.5 12.3 8.3 9.3 9.53
Acid detergent fibre (%) 16.8 25.7 19.8 20.7 18.1
Neutral detergent fibre (%) 39.1 50.1 41.1 42.3 40.2
Digestibility (%) 77.8 67.9 75.4 75.0 72.9
Oil (%) 4.7 6.5 8.6 8.6 11.3
Energy (MJ/kg) 9.3 7.6 10.2 10.0 13.4

1 Values presented in the table are results of single analyses.
2 D0 = 0% (control), D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% levels of replacement of fishmeal with black soldier fly larval meal.
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Growth performance

Initial body weight of the pigs was recorded at the start of 
the experiment and subsequently the pigs were weighed on 
a weekly basis using a suspended weighing scale (model 235, 
Salter, Bilston, England). The experiment lasted 14 weeks 
and the weekly body weight values were used to calculate 
average daily weight gain (ADG). Feed offered to the pigs 
and the unconsumed portions were weighed daily using 
a digital platform weighing scale (XK3190-A12, Gromy 
Scale Co., Hangzhou, China) to calculate average daily feed 
intake (ADFI). Feed conversion ratio (FCR) was calculated 
as total feed consumed divided by the body weight gain at 
the end of the experiment.

Slaughter and carcass characteristics

At the end of the experiment (after 14 weeks), all 40 pigs, 
consisting of eight (4 boars and 4 gilts) pigs per dietary 
treatment were slaughtered and analysed for carcass yield; 
cut-up parts (parts to which a pig is cut, other than the 
primal cuts and include: head, collar butt, tenderloin, 
rump, trotters and tail); organ weight; and composition 
of muscle, bone, fat and skin in primal cuts (large parts in 
which the pig is first cut: shoulder, ham, loin and belly) at 
the end of the experiment. All pigs were slaughtered at the 
slaughter facility of the Non-ruminant Research Institute 
of the Agricultural and Livestock Research Organization, 
Naivasha, Kenya where the feeding trial on pigs was 
conducted. Pigs were weighed and fasted for about 18 
hours after which the fasted weight of each pig was recorded 
before it was stunned.

Pigs were carefully slaughtered following prescriptions 
according to the Kenya Society for the Protection and Care 
of Animals, Naivasha, Kenya. Pigs were immobilised by 
head stunning, using a stunning gun and bled by incision, 
cutting through the jugular vein between the skull and the 
atlas after which complete dehairing was done. Following 
dehairing, the stomach of each pig was opened along the 
greater curvature and eviscerated. After evisceration, 
the remaining part was weighed within 45 minutes post-
mortem to determine the hot carcass weight (HCW) and 
later expressed as percentage of the ending live weight 
to obtain the dressing percentage (DP). The head was 
removed by cutting through the occipito-atlas joint. The 
trotters were removed by sawing through the hock joint 
at a right angle to the long axis of the leg. The carcass was 
split longitudinally by sawing along the dorsal midline and 
the right half of each carcass was dissected into main cuts 
(ham, shoulder, loin and belly) and into other parts (collar 
butt, tenderloin and rump). The ham was separated by 
locating the division between the second and third sacral 
vertebrae and then sawing perpendicularly to the long axis 
of the carcass. The shoulder was separated from the loin and 
belly by a straight cut between the second and third ribs. 

The shoulder cut was further separated into the shoulder 
picnic (portion closest to the knee) and collar butt (portion 
closest to the spine of the pig). The middle portion of the 
carcass side was divided into the loin and belly by a straight 
cut from the edge of the tenderloin muscle on the ham end 
through the front rib tight against the protruding edge of 
the split backbone. The rump is the portion posterior to the 
loin and anterior to the tail and was separated by cutting 
just below the exposed pelvic or aitchbone (Njoku et al., 
2015; Sheridan et al., 1991). For each cut, the weight was 
recorded using a digital weighing scale. The four main cuts 
(ham, shoulder picnic, loin and belly) were deboned and 
the skin plus subcutaneous fat removed. The weight of the 
dissected lean (muscle), bone, skin plus fat of each of the 
main cuts was recorded and expressed as a percentage of 
the weight of the cut.

The unskinned loin portion of the half carcass was sectioned 
between the 10th and 11th rib and after exposing the loin 
eye of the LM, the surface of the loin eye was covered with 
a transparent plastic grid (20×15 cm) marked out into 
squares of one centimetre (cm2) and the number of squares 
covered by the grid counted to obtain the loin eye area 
(LEA). The 10th rib back fat depth (TRFD) was measured 
at three quarters of the distance of the lumber muscle from 
the dorsal process of the vertebral column (Lowell et al., 
2018), using a digital venier caliper (VonHaus 6’’ 150 mm 
Digital Caliper Micrometer Vernier Gauge Tool, VonHaus, 
Manchester, UK). The fat-free index (FFI) was estimated 
using the following equation, described in procedure 1 
for ribbed carcasses (Burson, 2006) and used by Lowell 
et al. (2018).

FFI = 8.588 + ((0.465 × HCW,lb) – (21.896 × TRFD,in) + (3.005 × LEA,in2)) × 100

HCW

Where FFI = fat free index, HCW = hot carcass weight, 
TRFD = 10th rib fat depth, LEA = loin eye area.

Proximate and mineral composition of pork tissues

The heart, kidney, liver, LM, lung and spleen tissues from 
slaughtered pigs were freeze-dried using a Benchtop Freeze 
Dryer (VirTis AdVantage 2.0, SP Scientific, Gardiner, NY, 
USA). Dried tissue samples were crushed into powder using a 
blender (Preethi Trio Mixer Grinder 500W, Chennai, India). 
Samples were analysed following the procedures described 
by the Association of Analytical Chemists (AOAC, 1990). 
Nitrogen content (%) was determined using the Kjeldahl 
method. The crude protein (CP) was then determined by 
multiplying the nitrogen content by the factor 6.25. Fat 
content was determined using the Velp solvent extractor 
(SER 148/6, VELP Scientifica, Usmate, Italy) with ethyl 
ether as extractant. Ash content was determined by heating 
at 550 °C overnight. The organic matter (OM) was then 
determined by subtracting ash content from 100.
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Pork tissues were microwave-digested using a mixture of 
65% nitric acid, 37% hydrochloric acid and 30% hydrogen 
peroxide (Sigma-Aldrich, St. Louis, MO, USA) (Mohammed 
et al., 2017). Minerals including Ca, Cu, Fe, K, Mg, Mn, Na, 
P, S, and Zn in the digested samples were determined by 
inductively coupled plasma atomic emission spectrometry 
(ICP-AES).

Statistical analysis

Statistical analyses of the data were performed with R 
software (version 3.5.1; https://www.r-project.org/) by 
using a general linear model, which included: diet, sex and 
their interaction as independent variables for the analysis of 
ADG, ADFI, FCR, body weight gain and final body weight 
(FBW), fasted body weight, carcass weight, DP, LEA and 
FFI. For the cut up parts, visceral organs and composition 
of the primal cut, diet was included in the model as the 
independent variable. The model for each analysis included 
all independent variables which were removed one by one 
until the Akaike Information Criterion was at a minimal 
level. Mean effects were considered statistically significant 
at P<0.05, with least significant difference test (LSD) as 
post-hoc test.

Ethical approval

Ethical approval for the study was provided by the 
Institutional Animal Care and Use Committee of KALRO 
Veterinary Science Research Institute; approval code no. 
KALRO-VSRI/ IACUC019/30082019.

3. Results

Growth performance

Initial body weight of the pigs at the start of the experiment 
was similar for all five treatments (Table 3). All pigs showed 
healthy growth throughout the experimental period. Diet 
significantly affected ADG (Figure 1A). At D50, D75 
and D100, ADG was higher than for D0 (Figure 1A). Sex 
did not affect ADG (P=0.30). FBW differed significantly 
among diets (Figure 1B). At D50 and D100, FBW was 
significantly higher than at D0 and D25. FBW differed 
significantly between boars and gilts (P=0.014). Boars and 
gilts had a mean FBW of 119.6±0.13 kg and 104.3±3.42 kg 
respectively, but the interaction of diet and sex on FBW 
was not significant (P=0.13). Neither diet nor sex affected 
ADFI and the interaction between diet and sex for ADFI 
was not significant (Table 3). Diet significantly affected FCR 
(Figure 2). At D50, D75 and D100, FCR was significantly 
lower (P<0.001) than at D0 and D25. Sex did not affect 
FCR (P=0.07) and there was no interaction effect of diet 
and sex on FCR (P=0.72).

Carcass yield

Fasted weight and carcass weight differed significantly 
among diets (Table 3). Fasted weight and carcass weight 
were higher at D50, D75 and D100 than at D0 and D25. 
Sex significantly affected fasted weight and carcass weight 
(Table 3). There were significant interactions between the 
effect of diet and sex on fasted weight and carcass weight 
(Table 3). For boars, fasted weight at D100 was significantly 
higher than at D0, D75. For gilts, fasted weight at D100 
did not differ significantly from that at D50 and D75, but 
differed significantly from D0 and D25 (Table 3). DP did 
not differ among dietary treatments (Table 3). Sex did not 
affect DP, but there was an interaction effect of diet and 
sex on DP (Table 3). LEA did not differ among diets. Sex 
did not affect LEA, and there was no interaction effect of 
diet and sex on LEA (Table 3). Back fat depth measured at 
the 10th rib increased with increased replacement of FM 
with BSFLM (Supplementary Figure S1). Overall, back fat 
depth at D100 differed significantly (P=0.004) from that 
obtained at D0, D25 and D50 (Supplementary Figure S1). 
FFI was significantly lower for boars and gilts at D100 than 
at D0 (Table 3).

Cut-up parts and organ weight

The weight of primal cuts (belly, ham and loin) differed 
significantly among diets (Figure 3). At higher rates of 
replacement of FM by BSFLM, primal cuts (belly, ham 
and loin) weighed significantly more than for pigs fed 
lower levels of replacement (Figure 3). The head weight, 
tenderloin weight, rump weight and tail weight differed 
significantly among dietary treatments (Table 4). Spleen and 
testes weighed significantly more when pigs were fed higher 
levels of BSFLM than those fed lower levels of BSFLM, 
whereas heart, liver, kidneys, lungs and ovaries weights did 
not differ significantly across dietary treatments (Table 4). 
Diet significantly affected the amount of fat-skin (FS) in 
primal cuts (Supplementary Figure S2). At D100, FS was 
higher compared to D0, except in the shoulder cut for 
which values were not statistically different (Supplementary 
Figure S2). The ham had the lowest FS (Supplementary 
Figure S2). In ham, shoulder, loin and belly, the weight 
of muscle and bone tissues was not statistically different 
among diets, except at D100 where bones from the loin 
weighed less compared to the rest of the dietary treatments 
(Supplementary Table S1).

Proximate and mineral composition of pork tissues

Crude protein content of pork tissues differed significantly 
among diets (Figure 4). At D50, overall CP content was 
significantly higher compared to other dietary treatments 
investigated. Tissue type significantly affected CP (P<0.001). 
The interaction effect of diet and tissue type on CP content 
was significant (P<0.0001). The average CP content ranged 
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Table 3. Effect of dietary replacement of fishmeal by black soldier fly larval meal (BSFLM) on feed intake and carcass yield in 
finisher pigs.1

Diets2 P-value, GLM

Parameter Sex D0 D25 D50 D75 D100 Diet Sex Diet × Sex

Initial body weight (kg) Boar 54.1±3.85 56.4±3.61 55.5±4.53 54.8±1.94 57.1±1.14
Gilt 56.1±4.43 51.3±2.63 57.1±1.43 49.6±4.61 50.9±1.14
Overall 55.1±2.74 53.8±2.28 56.3±2.22 52.2±1.70 54.0±1.40 0.71 0.18 0.47

Average daily feed intake (kg) Boar 2.75±0.11 2.89±0.05 2.82±0.05 2.78±0.02 2.93±0.01
Gilt 2.79±0.11 2.89±0.05 2.87±0.02 2.76±0.09 2.76±0.07
Overall 2.77±0.02 2.89±0.02 2.85±0.02 2.77±0.03 2.84±0.03 0.37 0.67 0.48

Fasted weight (kg) Boar 96.1±4.03 104.6±2.77 117.0±3.18 119.4±3.81 129.9±1.56
Gilt 99.9±1.60 95.4±2.19 114.1±1.96 105.1±3.78 111.9±2.16
Overall 98.0±2.13c 100±2.39c 115.6±1.81ab 112.3±3.66b 120.9±3.62a <0.001 <0.001 0.005

Carcass weight (kg) Boar 74.0±3.38 80.9±2.20 90.9±2.51 93.2±3.54 104.7±1.72
Gilt 77.6±1.69 75.3±1.22 90.2±1.11 83.4±2.24 84.0±1.61
Overall 75.8±1.87b 78.1±1.56b 90.6±1.28a 88.3±2.68a 94.4±4.06a <0.001 <0.001 <0.001

Dressed percentage (%)3 Boar 77.0±1.31 77.3±1.01 77.7±0.34 78.1±1.28 80.6±1.16
Gilt 77.7±0.63 79.1±1.40 79.1±0.64 79.5±0.85 75.1±0.87
Overall 77.3±0.69 78.2±0.87 78.4±0.42 78.8±0.76 77.9±1.24 0.68 0.92 0.005

Loin eye area (cm2) Boar 36.8±2.29 34.5±2.40 32.8±1.75 34.8±0.75 37.5±3.07
Gilt 34.5±2.10 32.8±1.11 36.8±1.44 33.5±0.65 34.0±2.12
Overall 35.6±1.50 33.6±1.27 34.8±1.29 34.1±0.52 35.8±1.85 0.76 0.44 0.36

Fat free index (%)4 Boar 57.8±1.08 55.9±0.92 54.6±0.65 53.4±0.76 53.3±0.63
Gilt 56.6±0.78 56.5±0.59 55.1±0.52 54.7±0.25 53.4±1.45
Overall 57.2±0.66a 56.2±0.52ab 54.8±0.39bc 53.3±0.73c 53.3±0.73c <0.001 0.62 0.62

1 Means (± standard error) within a row (overall) followed by different superscript are significantly different, General Linear Model (GLM), P<0.05, least 
significant difference test. Overall = boar and gilt data pulled together.
2 D0 = 0%, D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% levels of replacement of fishmeal with BSFLM.
3 Dressed percentage = carcass weight / fasted live body weight) × 100.
4 Fat-free index = ((8.588 + (0.465 × carcass weight, lb) – (21.896 × 10th rib fat depth, in) + (3.005 × LEA, in2)) / carcass weight) × 100, (Burson, 2006). 
For each diet 4 boars and 4 gilts were investigated.
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Figure 1. (A) Mean (± SE) daily body weight gain and (B) mean (± SE) final body weight of finisher pigs fed black soldier fly larval 
meal-based diets and a control diet. Means followed by different letters are significantly different (GLM, P<0.05; least significant 
difference test). D0 = 0% (control), D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% levels of replacement of fishmeal with black 
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between 65% (heart tissue) and 93% (lung tissue) (Figure 4). 
The heart and LM tissues from pigs fed insect-based diets 
(D25, D50, D75 and D100) had higher crude fat contents 
than those fed the control diet (D0) (Figure 4). OM content 

differed significantly among diets (Figure 4). Overall, tissue 
samples at D100 had higher OM content than the other 
diets investigated. Tissue type significantly affected OM 
(P<0.001).

Water content was only slightly affected by diet type. 
Overall, diet type had no significant effect (P=0.554) on 
water content of tissues, whereas there was a significant 
effect (P<0.0001) of tissue type on water content. Liver 
and LM tissues from pigs fed D25, D50, D75 and D100 had 
significantly higher (P<0.0001 and P=0.012, respectively) 
water contents than samples from pigs fed D0, whereas 
the water content of heart, kidney, lung and spleen tissue 
samples were not influenced by diet type (P=0.141, P=0.592, 
P=0.462 and P=0.289, respectively) (Figure 4). There was 
no significant interaction between diet and tissue type on 
water content (P=0.167).

Potassium, P, S and Na were the major macro-minerals 
detected in all tissues across all diets. In heart, lung, LM 
and spleen tissues, K was the most abundant macro-mineral 
followed by P and S. Levels of K and P were not significantly 
different in kidney tissues, while in liver tissues, P was 
the most abundant mineral (Figure 5A). Spleen, liver and 
LM tissues from pigs fed BSFLM-based diets had higher 
concentrations of K than those from pigs fed the control 
diet (D0), except in the heart where D25 and D100 had 
lower K contents (Figure 5A). In all tissues, Ca had the 
lowest concentrations among the macro-minerals detected. 
Among micro-minerals, Fe was most abundant in all tissues, 
except LM in which Zn had the highest concentration. 
Overall, Fe and Zn were the most abundant micro-minerals 
followed by Cu (Figure 5B). The LM tissue from pigs fed 
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pigs fed black soldier fly larval meal-based diets and a control 
diet. Means followed by different letters are significantly 
different (GLM, P<0.05; least significant difference test). D0 = 
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Table 4. Effect of dietary inclusion of black soldier fly larval meal (BSFLM) on cut-up parts of carcasses and visceral organs in 
slaughtered pigs.1,2

Diets

Parameter D0 D25 D50 D75 D100 P-value, GLM

Cut-up parts (kg)
Head weight 6.27±0.13b 6.25±0.25b 7.26±0.22a 7.07±0.22a 6.89±0.35ab 0.014
Collar butt weight 3.86±0.13 3.88±0.14 4.15±0.19 3.99±0.24 3.70±0.31 0.67
Tenderloin weight 0.61±0.05c 0.69±0.05bc 0.78±0.04ab 0.82±0.04a 0.81±0.02a 0.003
Rump weight 2.34±0.16d 2.69±0.09cd 3.34±0.15ab 2.94±0.15bc 3.60±0.29a <0.001
Trotters weight 1.67±0.05 1.70±0.07 1.90±0.07 1.85±0.07 1.90±0.10 0.08
Tail weight 0.18±0.01c 0.18±0.02c 0.25±0.01b 0.28±0.02ab 0.30±0.02a <0.001

Organ weight (kg)
Heart weight 0.37±0.02 0.40±0.03 0.46±0.04 0.44±0.02 0.43±0.03 0.09
Liver weight 1.62±0.07 1.47±0.07 1.63±0.06 1.50±0.04 1.67±0.06 0.12
Kidneys weight 0.33±0.02 0.29±0.02 0.34±0.02 0.29±0.02 0.32±0.02 0.17
Lungs weight 0.74±0.06 0.64±0.04 0.67±0.04 0.67±0.04 0.72±0.07 0.69
Spleen weight 0.13±0.01c 0.13±0.01c 0.17±0.01a 0.16±0.01ab 0.17±0.01a 0.017
Testes weight 0.82±0.08c 1.03±0.05b 1.12±0.03ab 1.24±0.08a 1.31±0.06a <0.001
Ovaries weight 0.02±0.004 0.02±0.007 0.02±0.005 0.02±0.002 0.02±0.001 0.59

1 Means (±standard error) within a row followed by different superscripts are significantly different, General Linear Model (GLM), P<0.05, LSD.
2 D0 = 0%, D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% levels of replacement of fishmeal with BSFLM. For each diet, n=8.
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Figure 4. Proximate composition (% dry matter basis) (mean ± SD) of organ and muscle tissues of finisher pigs. D0 = 0% (control), 
D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% levels of replacement of fishmeal with black soldier fly larval meal. LM = longissimus 
dorsi (loin muscle). Bars followed by different letters are significantly different (GLM, P<0.05; least significant difference test). 
Bars for crude fat represent mean value of two subsamples analysed. No statistical analysis was performed on the crude fat data.
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D100 contained higher concentrations of Fe and Zn than 
those fed D0 (Figure 5B).

4. Discussion

BSFL are an alternative source of animal protein and have 
been used in aquaculture, poultry and piglet feeds to replace 
either FM or soybean meal (Makkar et al., 2014). The 
present study used partial or complete dietary replacement 
of FM by BSFLM to demonstrate for the first time the 
value of BSFLM on growth performance, carcass traits and 
nutritional value of finisher pigs. Identifying BSFLM as a 
feed ingredient that guarantees high-quality pork products 
will not only help to limit dependence on the traditional 
feed protein sources but will also provide an alternative 
protein source for farmers in times of scarcity.

Most importantly, our results revealed important positive 
effects of the insect-based diets on growth performance, 
feed conversion and carcass traits of finisher pigs. Our study 
showed that higher levels (50-100%) of replacement of FM 
with BSFLM, resulted in higher body weight, higher feed 
conversion and higher carcass yield than the FM-based 
control diet (D0). Pork by-products had high (65-93%) CP 
levels. A shortcoming in the present study is the difference 
in CP content between calculated and analysed values. This 
discrepancy can be attributed to accidental or deliberate 
adulteration of fishmeal with inorganic material such as 

shells of Pila ovata and sand to increase weight along the 
value chain (Nalwanga et al., 2009). The CP content of 
fish has been observed to decrease from primary source 
(landing sites) to retail outlets (Nalwanga et al., 2009). Given 
that the entire feed for the current study was formulated 
once, we couldn’t change the dynamics. We therefore 
recommend that future studies should be more careful 
with the introduction of fishmeal in formulated products. 
The proportion of fat in the primal cuts was affected by 
diet while the muscle and bone tissues were not, except 
in the loin.

Previous studies had shown that inclusion of dried BSFLM 
in replacement of soybean meal, FM or dried plasma, 
either did not affect or positively influenced piglet growth 
performance parameters (Biasato et al., 2019; Newton et al., 
1977; Spranghers et al., 2018). Moreover, replacing soybean 
meal by BSFLM in finisher pig feed results in beneficial 
changes in the microbiota and metabolites of the colonic 
digesta and mucosal immune gene expression in finisher 
pigs (Yu et al., 2019). For instance, replacing soybean meal 
by BSFLM in diet increased the abundance of health-
promoting Lactobacillus spp., decreases the abundance 
of pathogenic Streptococcus spp. and upregulated the 
expression of anti-inflammatory cytokines in finisher pigs 
(Yu et al., 2019). Our data provide the first insight into 
the potential of BSFLM as a nutrient-rich feed ingredient 
to support maximal lean gain towards attending market 
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Figure 4. Continued.
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weight in finisher pigs. In the present study, BSFLM in feed 
resulted in better performance of finisher pigs than when 
fed with conventional feed based on FM. Full-fat BSFLM is 
rich in CP, amino acids and has a high fat content and thus 
provides a better source of protein and net energy required 
for a better growth performance in growing-finishing pigs 
(Crosbie et al., 2020; Fang et al., 2019; Nekrasov et al., 2018; 
Yu et al., 2019).

The improved growth performance of finisher pigs in the 
present study is a clear demonstration of feed tolerance in 
pigs, a balanced nutrient content and high digestibility of 

the insect-based diets, which led to optimal feed efficiency. 
In the literature, studies under other feed regimes showed 
that pig growth highly depends on the nutrient content of 
their diet. A protein-rich diet with a balanced amino acid 
profile leads to high performance (Kim et al., 2005; Nam 
et al., 1995). Feed intake and quality play essential roles in 
animal growth performance (Patience et al., 2015). The 
improved growth performance of pigs with increasing levels 
of dietary replacement of FM with BSFLM in the present 
study can be attributed to increased palatability of the 
diets which resulted in sufficient consumption of digestible 
nutrients, particularly protein, which support rapid growth. 
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Figure 5. Composition (mg/kg) of (A) macro-minerals and (B) micro-minerals in muscle and organ tissues of slaughtered pigs 
fed black soldier fly larval meal-based diets and a control diet. D0 = 0% (control), D25 = 25%, D50 = 50%, D75 = 75%, D100 = 100% 
levels of replacement of fishmeal with black soldier fly larval meal. Ca = calcium, K = potassium, Mg = magnesium, Na = sodium, 
P = phosphorus, S = sulphur, Cu = copper, Fe = iron, Mn = manganese, Zn = zinc. Values presented are results of single analyses. 
Loin muscle = longissimus dorsi.
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This conclusion is supported by the increased ADG, FBW 
and low FCR for BSFLM-based diets that we recorded.

Pig market weights vary considerably depending on the 
region, consumer preference or the processing method 
of the pig when slaughtered. For instance, in Kenya, the 
recommended pig market weight ranges between 90 and 
100 kg live body weights according to Farmer’s Choice 
Ltd. (Nairobi, Kenya), the main pig market provider in the 
country. In the present study, the average fasted live body 
weight of pigs at slaughter ranged between 98 and 121 kg. 
The weight range in our study falls within the recommended 
ranges for most other countries (Kim et al., 2005). It is 
worth noting that pigs fed diets with FM fully replaced 
by BSFLM had the highest fasted live body weight of 121 
kg while pigs fed the control diet without BSFLM had the 
lowest live fasted body weight of 98 kg at slaughter. This 
corresponds to the higher ADG recorded for pigs at 100% 
BSFLM and demonstrates that the replacement of FM with 
BSFLM in pig feed contributes to faster weight gain, which 
implies that pigs attain the market weight faster compared 
to pigs raised on control diets. This is also supported by 
the low feed conversion ratio values recorded for BSFLM-
based diets in this study.

In Kenya, Farmer’s Choice recommends and accepts pigs 
with market sizes ranging from 40 to 120 kg cold carcass 
weight. Carcasses within this range are either consumed 
locally, processed into other pork products or exported 
whole to other countries. In the present study, the overall 
carcass weight of pigs ranged between 76 and 94 kg, 
which is well within the recommended range for pork in 
Kenya. In our study, pigs fed BSFLM-based diets produced 
heavier carcasses than those fed the control FM-based diet. 
Carcasses from all dietary groups had similarly well-formed 
loin eye, which is one of the quality control features for 
commercial pork. Therefore, BSFLM is a suitable alternative 
to FM in commercial pig feed formulation for the Kenyan 
and international markets.

Daily fat intake is essential for humans because fat provides 
energy, enhances food palatability and absorption of 
vitamins (Seong et al., 2014). The fat content of pork tissues 
in our study was generally higher than values reported in the 
literature, which could be due to differences in the feeding 
regime, breed, body weight at slaughter, or processing 
method of the meat samples (Seong et al., 2014; Valaitiene et 
al., 2017). The full-fat BSFLM used in our study might have 
contributed to the crude fat content of the pork tissues. For 
example, the overall result of fat content shows that pork 
tissues from pigs fed diets with 50-100% replacement of FM 
with BSFLM had higher crude fat levels than those from 
pigs fed diets with 0-25% replacement of FM with BSFLM. 
Moreover, the high fat content in the LM is consistent with 
the significantly higher value of the subcutaneous fat of the 
loin cuts recorded for pigs fed D100.

Although the pigs in the control group had a significantly 
higher fat free index than in the D100 group, the fat free 
index values were generally above 50% across all dietary 
groups, which is an indication of the suitability of BSFLM 
for finisher pig growth and carcass quality. However, it 
would be necessary to evaluate this parameter under 
restricted feeding regimes, because unlimited access to 
feed and high body weight as in this study might have 
contributed to an increased fat deposition, consequently 
impacting the fat free index in pigs in the D100 group 
(Kim et al., 2005).

The content and distribution of fat in various primal cuts 
are important characteristics of meat for various market 
segments (Dunshea and Souza, 2003). In the present study, 
ham, loin and belly of pigs fed D100 had significantly more 
fat than in pigs fed the control diet (D0), which can be due 
to the high fat level of BSF (Wang and Shelomi, 2017). 
Furthermore, the subcutaneous adipose tissue is the major 
site of fat deposition in pigs and fat deposition could result 
from consuming high-carbohydrate diets or pre-formed fats 
in diets (Dunshea and Souza, 2003). Live body weight is 
another factor that affects fat deposition in farmed animals 
(Dunshea and Souza, 2003). In the present study, pigs fed 
D100 had higher fat content in primal cuts and were heavier 
than pigs fed D0, which is in line with the studies described 
by Dunshea and Souza (2003).

In the present study, K and P were the most predominant 
macro-minerals in pork tissues, whose role in human 
nutrition has been documented (Gupta and Gupta, 2014; 
He and MacGregor, 2008). Micro-minerals, which are 
essential for proper cell functioning were also abundant 
in pork tissues. The high concentration of minerals in pork 
tissues in the present study indicates that BSFLM can be 
considered as a valuable component in pig feed formulation 
with no adverse effects on nutritional quality of the meat.

In pig production, feed represents an important input. 
The efficiency with which pigs utilise dietary nutrients 
for growth, maintenance, lean gain and lipid accretion 
is crucial and has economic implications for individual 
and industrial production (Patience et al., 2015). Feed 
conversion ratio is an important measure of feed efficiency 
in animal production. A low FCR implies that less feed is 
required to produce a unit of pork weight, thereby leading 
to less feed required in a production system. This impacts 
profitability, feed demand and the competitive position of 
a feed ingredient against other feed sources (Patience et 
al., 2015). Our data show a significant reduction in FCR 
at higher levels of replacement of FM with BSFLM (with 
CP values of 15.3, 14.8 and 16.3% at D50, D75 and D100 
respectively), implying that BSFLM-based feed can reduce 
feed cost in terms of quantity demanded in a finisher pig 
production. This reduction in FCR positively correlated 
with body weight gain in the pigs, thus further increasing 
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the value of BSFLM in feed. Furthermore, BSFLM is rich 
in protein, essential amino acids and micronutrients, with 
a crude protein content well above 30% (Chia et al., 2020), 
which contributes to a healthy pig growth and high carcass 
traits. The protein from BSFLM is of high nutritional 
quality, with high concentrations of limiting amino acids 
including lysine and methionine in growing-finishing pig 
feed (Wang et al., 2018).

5. Conclusions

Our study demonstrates that BSFLM is a suitable alternative 
to FM in feed of finisher pigs, and uniquely combines growth 
performance, carcass traits and nutritional quality of pigs 
fed BSFLM-based feeds. Replacement of FM with BSFLM 
at 50-100% in pig feeds demonstrated a significant increase 
in feed conversion, growth (body weight gain) and carcass 
traits of finisher pigs. Our results, therefore, do not only 
provide important information for novel insect-based feeds 
for pig production industries but also provide information 
on meat nutritional quality for human consumption. Thus, 
this study holds important opportunities for addressing 
the increasing scarcity of protein-rich feeds, which is an 
impediment in pig value chains.
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