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Abstract

The house cricket, Acheta domesticus (Linnaeus) (Orthoptera: Gryllidae) is one of the
major insects successfully domesticated for food around the world. However, ex-
pensive feed is still a major challenge in the production of the insect, leading to low
returns. This study aimed at developing an alternative diet for mass rearing of A. do-
mesticus. We tested five diets, namely commercial chicken mash (CCM; control diet),
maize bran supplemented with 50% sunflower seed cake (SFC50), 50% shea seed cake
(SBC50), 50% oil palm seed cake (POC50), and 25% maize bran+25% of each of the
oil seed cakes (MSSP25). The experiment was arranged as a randomized unreplicated
block design with 50 blocks, each containing one replicate of each diet treatment.
Survival of A. domesticus fed on maize bran supplemented with either sunflower seed
cake or oil palm seed cake was comparable to that of those fed on the control diet.
However, emerging adults on oil seed supplemented diets (SFC50 and POC50) were
heavier than their counterparts raised on the control diet. The shortest development
time was observed among A. domesticus fed on 50% sunflower seed cake compared
to all other diets. Acheta domesticus fed on the control diet was richer in protein, while
those reared on maize bran supplemented with either sunflower seed cake or oil palm
seed cake contained higher levels of fat, minerals (sodium, calcium, and iron) and pol-
yunsaturated fatty acids (PUFAs). We conclude that supplementation of maize bran
with 50% of either sunflower seed cake or oil palm seed cake improves survival and
weight gain of A. domesticus and shortens their development time. In addition, these
diets modify the nutritional composition of A. domesticus, especially lipids, minerals,
and PUFAs. We recommend the use of SFC50 and POC50 as alternative diets to com-
mercial chicken mash in the mass production of A. domesticus.

KEYWORDS
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et al., 2024). Africa and Asia are already experiencing a
deficit in essential food intake, especially proteins. In

Over the past seven decades, the global population has
experienced a remarkable increase from 2.6 to 8billion
and is predicted to rise to 9.74billion people by 2050
(United Nations, 2023). This population growth poses
a significant increase in the demand for food, espe-
cially protein-rich foods (Okello et al.,, 2022; Siddiqui

2022, the daily per capita protein intake was lowest in
Africa (64.49) followed by Asia (81.89) (FAOSTAT, 2022).
A similar pattern was observed in fat consumption, with
the lowest levels being in Africa (54.0g) and Asia (79.59)
(Omuse et al., 2024). Consequently, the production of
food must increase in order to match the population
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growth. However, as the population increases, the per
capita land available for agriculture decreases, hence lim-
iting output from conventional crop and animal produc-
tion (Wade & Hoelle, 2020). In addition, conventional food
production systems are associated with challenges such
as the emission of greenhouse gases, which are the major
causes of climate change (Wade & Hoelle, 2020). Houzer
and Scoones (2021) reported that the livestock industry
alone produces between 8% and 15% of the planet's
greenhouse gas emissions, which is more than the total
combined emissions from transportation. In response to
these challenges, there has been a tremendous move in
recent years to seek alternative food sources, especially
protein sources, and insects are one of the potential al-
ternatives (van Huis et al., 2013). Compared with livestock
production, insect production systems are more sustain-
able due to several attributes, including high feed con-
version efficiency (Barroso et al., 2014; Bawa et al., 2020;
Broeckx, 2021; Oonincx et al., 2015). Additionally, they can
be reared on organic waste, emit few greenhouse gases,
require a small rearing space, and take a small fraction of
feed and water (Govorushko, 2019; van Huis et al., 2013;
van Huis & Oonincx, 2017).

The house cricket, Acheta domesticus (Linnaeus)
(Orthoptera: Gryllidae), is one of the edible insects that
have gained popularity as human food due to its rich
nutritional profile. It contains 56%-76% proteins, lipids
(6%-10%), essential mineral elements, monounsatu-
rated fatty acids (MUFA; 31%), polyunsaturated fatty acids
(PUFA; 27%), and energy (12%-18%) of dry matter (DM)
(Bawa et al., 2020; Boulos et al., 2020; Magara et al., 2021;
Oonincx et al., 2015; Pastell et al., 2021). Furthermore, A.
domesticus has a high feed conversion efficiency; hence, it
can be easily reared on agricultural and food industry side
streams (Bawa et al., 2020; Oonincx et al., 2015; Sorjonen
etal., 2022). Compared with other edible insect species, the
global market for A. domesticus is higher and is expected
to increase due to increased consumer acceptability in the
Western world where insect consumption is not a tradition
(Reverberi, 2020). For example, in America and Europe,
there are over 20 brands of cricket energy bars on the
market (Reverberi, 2020). In the tropics, consumption of A.
domesticus is still low; however, there are many countries
in the region that have long traditions for utilizing edible
insects; hence, acceptability of A. domesticus is high (van
Huis et al., 2013).

Farming of A. domesticus has progressively developed
in the different parts of the world with large, medium,
and small-scale production systems, and it is becoming
an integral component of livestock production (Orinda
et al., 2017). There are over 200 cricket farmers in Thailand,
several cricket farming companies in America and Europe
(Reverberi, 2020) and about 378 cricket farmers in Kenya
and 140 farmers in Uganda (Tanga et al., 2021). However,
the major feed used by large and small cricket farmers
is chicken mash, which is very competitive and makes
cricket production expensive (Oloo et al., 2020). Durst and

Hanboonsong (2015) reported that feed is the most expen-
sive input in cricket rearing systems; hence, the use of local
vegetable remains or other food industry by-products has
been proposed to reduce costs in cricket production.

In the recent years, enormous efforts have been made
to find cost-effective alternative diets for feeding A.
domesticus, with several trials undertaken on different
side streams from the food and beverage industries and
agricultural fields (Jucker et al., 2022; Morales-Ramos
et al.,, 2020; Oloo et al., 2020). In a study by Sorjonen
etal.(2022), spent brewery's grains and rapeseed cake im-
proved the survival, development time, and weight gain
of A. domesticus. Oonincx et al. (2015) tested beet molas-
ses, potato steam peelings, bread remains, spent grains,
and cookie remains, and found that these by-products
improved the growth parameters (survival, weight gain,
and development time) and the nutritional composition
of A. domesticus. Morales-Ramos et al. (2020) and Oloo
et al. (2020) also tested dry cabbage, brewery waste,
peanut hull kales, sweet potato leaves, and banana peels
on the growth performance of A. domesticus and recom-
mended them as efficient and potential diets used in
large-scale production systems. However, there is still a
need to develop more alternative diets utilizing locally
available side streams in the different regions around
the world, as some of the recommended by-products
are rare in certain regions. Moreover, by-products such
as sweet potato leaves and banana peels are also utilized
in conventional livestock production, which limits their
availability (Oloo et al., 2020).

Oil seed by-products (oil seed press cakes) are often un-
dervalued and usually discarded by oil factories; however,
they can be exploited for feeding insects due to their rich
nutritional profile (Almeida Sa et al., 2021; Vinayashree &
Vasu, 2021). Hoc et al. (2021) and Georgescu et al. (2022)
reported that the inclusion of linseed cake, soybean cake,
sunflower seed cake, rapeseed cake, and hempseed cake
in H. illucens (Linnaeus) larval diet, improved both lar-
val weight and fatty acid profile of the larvae. Sorjonen
etal. (2022) also demonstrated that a rapeseed cake-based
diet enhanced the survival and weight gain of A. domesti-
cus. According to Skvorova et al. (2024), a rapeseed cake-
based diet increased the content of crude protein and
polysaturated fatty acids in Gryllus assimilis (Fabricius).
These studies provide a basis for investigating more oil
seed by-products as alternative diets or diet ingredients in
the mass production of A. domesticus.

In Uganda, there are both small and large-scale oil fac-
tories and domestic oil processors, which utilize oil seeds
including sunflower seeds, oil palm seeds, and shea seeds.
These factories and domestic processors produce large
quantities of oil seed by-products (sunflower seed cake,
oil palm seed cake, and shea seed cake), which are cur-
rently underutilized because they have not been tested for
useful applications. These by-products contain nutrients
such as proteins, lipids, minerals, and fatty acids (Almeida
Sé4 et al, 2021), and they can be used as feed or feed
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ingredients in rearing insects. This study aimed to evalu-
ate the effect of supplementing maize bran with sunflower
seed cake, shea seed cake, and oil palm seed cake on the
survival, weight gain, development time, and nutritional
profile of A. domesticus.

MATERIALS AND METHODS
Study population

Five hundred A. domesticus nymphs of the same cohort
from two broods at the last nymphal stages were ob-
tained from a farmer in Masaka district, Uganda. They
were transported in an adequately aerated rectangular
plastic container (60cm lengthx32cm widthx45cm
height; Thermopack, Nairobi, Kenya) to the multifunc-
tional research laboratory at Gulu University. Six pieces
of egg cartons were placed vertically in the container
to act as hide-outs for the crickets. Acheta domesticus
nymphs were reared to adults at 25-28°C, 55%-65% rela-
tive humidity, and L12:D12 photoperiod. They were fed
on commercially available chicken starter mash put in
two Petri dishes, supplemented with fresh leaves of milk
weed, cassava, and pumpkin (Ssepuuya et al., 2020). Two
Petri dishes filled with moist cotton wool were placed
in the rearing container to provide drinking water; both
feed and water were provided ad libitum. Balls of moist
cotton wool were provided for laying eggs upon hearing
mating songs and collected after every 3days. Cotton
balls containing eggs were put in round plastic contain-
ers (8 cm diameter x 6 cm height; Thermopack) and kept
moist by sprinkling water until the eggs hatched.

Experimental diets

Three oil seed by-products, namely sunflower seed cake,
oil palm seed cake, and shea seed cake, were used to sup-
plement maize bran. These by-products were selected
because they are nutritious and locally obtainable from
large- and small-scale oil factories in Uganda, and they are
readily available, especially sunflower and shea seed cakes
in Northern and oil palm seed cake in central Uganda.
Maize bran is the major constituent of the diet commonly
used in the commercial farming of A. domesticus. The oil
seed by-products were collected from local factories, dried
in an oven (Memmert, UN260 Schwabach FRG, Germany) at
60°C for 24 h, and ground into fine powder using a heavy-
duty blender (Master Electro-EM-BL-1069, China) and
sieved through a 1-mm sieve. Maize bran was purchased
from Gulu central market in Gulu city and sieved using
the same sieve. Four diets of 5009 each were constituted,
three of which were 50:50 combinations of maize bran
and each of the oil seed by-products, and one was 25%
of maize bran+25% of each of the oil seed by-products
(Table 1). These diets were tested alongside commercial

TABLE 1 Composition of the four oil seed-based diet treatments.

Maize bran
inclusion (%)

Oil seed by-product

Diet treatment inclusion (%)

SFC50 50 50
SBC50 50 50
POC50 50 50
MSSP25 75 (25% of each 25

by-product)

Note: SFC50=50% sunflower seed cake +50% maize bran, SBC50=50% shea
seed cake +50% maize bran, POC50=50% oil palm seed cake +50% maize bran,
MSSP25 =25% maize bran +25% of each by-product.

chicken mash (control diet), which was purchased from
poultry feed stores in Gulu city, Uganda. After constituting
the diets, a sample of 30 g was immediately picked in trip-
licate from each diet for nutritional analysis, and both the
stock and samples were kept in a freezer at —20°C.

Experimental design

The experiment was arranged as a complete randomized
unreplicated block design where each block contained one
replicate of the experimental diets (Malinga et al., 2022).
The setup was maintained at 25-28°C, 50%-60% relative
humidity, and L12:D12 photoperiod. One-day-old nymphs
were individually reared in plastic containers (21 cm high,
19 cm diameter; Thermopack) with the opening covered by
a netting cloth. Each container was randomly subjected to
one of the five diet treatments with 50 replicates. The con-
tainers were arranged as 50 blocks (i.e., separate locations
in the laboratory room), each containing one replicate of
each diet treatment (Malinga et al., 2022). The randomized
block design aimed to control for potential sources of en-
vironmental variability in the laboratory and to ensure that
observed changes in the growth performance and nutri-
tional composition of A. domesticus were due to differ-
ences in diets only. In each container, a 2cm x2cm piece
of egg tray carton was placed to provide a hideout for the
insects and food was placed on a piece of paper (Ssepuuya
etal., 2020). A piece of moist cotton wool was placed in each
container to provide drinking water and to humidify the air,
and it was kept moist by spraying with potable water daily.
Diets and water were provided ad libitum, and they were
replenished after 2-3 days. To determine survival, observa-
tions were made daily until adult molting to detect dead
nymphs. For individuals that survived to adults, weights
were taken using a digital weighing scale (Model kern
PCB350-3) with a precision of 0.0001 g. Development time
was calculated as the number of days between hatching
of the nymph from eggs and adult emergence. Adults that
emerged from each diet treatment were harvested after
2weeks and kept in the freezer at —20°C until nutritional
analysis. The experiment was kept running until there were
no more surviving individuals and the emergence of adults
from all the treatments.
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Nutritional analyses

The nutritional composition of the diets and adult A. do-
mesticus from each diet treatment was analyzed, except
for SBC50, because the number of adults from this diet
could not make the 509 required for nutritional analysis.
Dry matter (DM), total ash, crude fiber, crude fat, crude
protein, carbohydrates, minerals, and fatty acids for diets
and adult A. domesticus from each diet treatment were de-
termined in triplicates. Analyses were performed on sam-
ples dried at 60°C for 24h in an oven (Memmert; UF110),
except for DM, and all samples were ground using a mor-
tar and pestle. All analyses were performed at the Centre
of Expertise Sustainable biomass and Chemistry, Thomas
More University of Applied Sciences, Belgium.

Proximate analysis

Dry matter determination

Dry matter content was determined by drying the sample
in an oven (Memmert; UF110) at 105°C for 24 h. DM percent-
age was calculated based on the weight loss of the sample

(Noyens et al., 2023).

Myried sample
m

%DM = X 100.

sample

Total ash determination

Total ash was determined by drying the sample at
105°C for 24h and incineration in a muffle furnace
(Nabertherm; L9/11/SKM) at 550°C for 4 h. Percentage ash
was calculated from weight loss by incineration (Noyens
etal., 2023).

incinerated sample

m
% Ash = x 100

Myried sample

Crude protein determination

Crude protein was determined by analyzing the nitrogen
present in the samples using the Kjeldahl method BN EN
ISO 5983-1 (2005). A general N to P factor of 6.25 was used
to calculate the protein content of diets and 5.33 for the
insect samples (Boulos et al., 2020; Noyens et al., 2023).

Crude fat determination

Crude fat was determined with ethyl acetate using
Soxhlet extraction equipment. Approximately 5 g of each
sample was placed in an extraction thimble and covered
with ceramic wool to prevent sample loss. The sample
was extracted overnight with 350 mL of ethyl acetate; the
extract was cooled down, and the organic solvent was

removed and recovered via rotary evaporation (Bichi;
R-300) at 153 mbar and 50°C. Flasks containing fat were
put in a fume hood for 12 h to eliminate all the solvent
and were weighed on an analytical balance (Noyens
etal., 2023).

Crude fiber determination

The fiber bag method of Gerhardt was used to determine
crude fiber; 1g of the sample was placed in a dedicated
fiber bag (Gerhardt; CF bag) and glass spacer. The fiber
bag was filled with the sample, defatted with petroleum
ether (BP 40-60°C), and dried for 2 min in a fume hood.
The defatted sample was first extracted in an acidic so-
lution of 0.13 M sulphuric acid for 30 min at boiling tem-
perature. The extracted fiber bag with the sample was
rinsed three times with boiling demineralised water and
subsequently extracted in a solution of 0.23 M potassium
hydroxide for 30 min. The extracted fiber bag with the
sample was rinsed again three times with boiling dem-
ineralised water and dried for 12h at 105°C. The dried
bag with fiber residue was weighed on an analytical bal-
ance and incinerated at 550°C for 4 h in a muffle furnace.
Ashes were weighed and fiber content was calculated
based on the weight loss from the incinerated sample
(Noyens et al., 2023).

Carbohydrate determination

Total carbohydrate content was determined by the method
of difference following the procedures of the Food and
Agriculture Organization (FAQO, 2003).

% carbohydrate =100— (% moisture + % crude fiber
+% ash + % crude protein + % crude fat)

Mineral analysis

Samples were prepared as described by Broeckx (2021),
and the mineral profile was determined using inductively
coupled plasma-optical emission spectrometry (ICP-OES)
(Optima 4300™ DV ICP-OES; Perkin Elmer, Massachusetts,
USA). Quantification was done by use of a calibration curve
drawn using certified standard solutions (Chem-Lab NV,
Zedelgem, Belgium) (Noyens et al., 2023).

Fatty acid analysis

Fatty acids were determined using gas chromatography
coupled with mass spectrometry (GC-MS) (Agilent
Technologies; 7820A GC system with 5977E MSD detector).
Fatty acid methyl esters (FAMEs) were prepared from the
ether extracts after esterification in a methanolic KOH
solution with the addition of 20% BF,/MeOH solution
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according to the method of Joseph and Ackmannt (Joseph
& Ackman, 1992). Fatty acids were identified by comparing
their retention times with a 37 FAME-mix standard
(Chemlab) and by comparing their MS spectrum with online
libraries from the NIST database. A qualitative analysis
was performed by calculating the area percentage of a
peak relative to the total peak area of the chromatogram
(Noyens et al., 2023).

Statistical analysis

A generalized linear mixed-effects model (with a binary
logistic distribution of the response) was used to de-
termine the effects of diet treatments on the nymphal
survival (i.e., the number of individuals that survived to
adults compared to those that died [fixed factor]). In this
model, block was specified as a random factor. Model
goodness-of-fit and the significance of the explanatory
variable were assessed with the Hosmer-Lemeshow test
and type lll Wald chi-sqaured tests, respectively (Hosmer
et al,, 2013; Malinga et al., 2022). For individuals that sur-
vived to the adult stage, we analyzed the effects of diet,
sex, and their interaction on the adult fresh weight and
development time using linear mixed models (type Il
sum of squares). In all models, diet treatment, sex, and
diet treatment x sex interaction were included as fixed
factors and block as a random factor. If significant dif-
ferences were found among treatments, least significant
difference (LSD) pairwise tests were performed to deter-
mine which treatments were significantly different. The
model's fit was checked by inspecting the distribution
of the residuals. We tested differences in the content of
proteins, crude fat, DM, ash, crude fiber, carbohydrates
and minerals in A. domesticus among each diet treatment
using one-way analysis of variance (ANOVA) followed by
LSD post-hoc test to determine differences between all
diet treatments. Levene's normality test was conducted
to confirm the normality of data before running ANOVA.
SPSS software (version 20, Armonk, NY) was used to per-
form these analyses at a significant level of «=0.05.

We tested differences in the composition of fatty acids
(i.e., the proportions of fatty acids) in A. domesticus fed on
the four diets, using permutational multivariate analysis of
variance (PERMANOVA; type lll sums of squares and 999
permutations) (Anderson et al., 2008). When significant
differences were found, pairwise comparisons were run to
determine differences in the different pairs of treatments.
A Monte Carlo test was used for both main and pairwise
tests because we had only three replicates for each treat-
ment (Anderson et al., 2008). We visualized patterns in the
composition of fatty acids among diet treatments using
non-metric multidimensional scaling (NMDS). For clarity,
distances among centroids of each treatment were shown.
We evaluated the degree of variability in the proportion of
fatty acids in A. domesticus among each treatment using
the permutational multivariate dispersion test (PERMDISP)

(Anderson et al., 2008). PERMDISP tests the homogeneity of
multivariate dispersions within factor groups based on devi-
ations from the group centroid. The fatty acids with the high-
est contribution to observed dissimilarities between pairs of
diet treatments were determined using a similarity percent-
ages routine (SIMPER) (Clarke & Warwick, 2001). We tested
for differences in the contents of saturated fatty acids (SFAs),
MUFAs, and PUFAs among A. domesticus reared on the four
diets using univariate PERMANOVA (using Euclidian distance
as a similarity measure, type Ill sum of squares, 999 permu-
tations). Whenever significant differences were found, we
performed pairwise PERMANOVA tests to determine differ-
ences between levels of each diet treatment. Additionally,
using the routine RELATE (Clarke & Gorley, 2006), we tested
the degree of similarity between the two resemblance ma-
trices: diets and A. domesticus fed on the diets. These analy-
ses were conducted in PRIMER-E software, version 6 (Clarke
& Gorley, 2006) and the PERMANOVA+ add-on package
(Anderson et al., 2008), based on the Bray—Curtis similarity
matrix computed from untransformed fatty acid compo-
sition data. An exception was the univariate PERMANOVA,
which was run on the Euclidean similarity matrix from un-
transformed data (Anderson et al., 2008).

RESULTS

Effect of diet on survival of A. domesticus
nymphs to adults

Survival of A. domesticus nymphs to adults was significantly
differentamong the diets (F4’245 =23.718, p=0.001). The high-
est survival was observed in A. domesticus fed on the 50%
sunflower seed cake (SFC50: 96%), 50% oil palm seed cake
(POC50: 94%) and the commercial chicken mash control diet
(CCM: 94%), while the lowest survival (30%) was among those
reared on 50% shea seed cake (SBC50) (Figure 1).

100 - a

e S, a a
801 U
60 4
3
=
3
& 40
c
20 4
SFC50 CCM POC50 MSSP25 SBC50
Diet treatment
FIGURE 1 Survival (%) of Acheta domesticus nymphs to adults

on five diets. Columns with the same letters are not significantly
different (p>0.05). Error bars indicate standard error of the mean (SEM).
SFC50=50% sunflower seed cake + 50% maize bran, CCM=commercial
chicken mash (control diet), POC50=50% oil palm seed cake +50%
maize bran, MSSP25 =25% maize bran +25% of each of the seed cakes.
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FIGURE 2 Mean adult weight (g) of Acheta domesticus on five
diets. Columns with the same letters are not significantly different
(p>0.05). Error bars indicate standard error of the mean. SFC50=50%
sunflower seed cake +50% maize bran, POC50=50% oil palm seed
cake +50% maize bran, CCM =commercial chicken mash (control diet),
MSSP25 =25% maize bran +25% of each of the seed cakes, SBC50=50%
shea seed cake +50% maize bran.

Effect of diet on weight of A.
domesticus adults

Adult weight of A. domesticus was significantly different
among diets (F 414437—19 96, p=0.001). Acheta domesticus
reared on the 50% sunflower seed cake (SFC50) were sig-
nificantly heavier than those fed on other diets (Figure 2).
The treatmentxsex interaction was not significant
(F3’165‘98= 1.07, p=0.362), females were significantly heavier
(Marginal mean 0.35+SE 0.01g) than males (0.29+0.01 )
(F1170.76=91.83, p=0.001).

Effect of diet on development time (from
1-day-old nymph to adult) of A. domesticus

Development of A. domesticus from hatching to adults
was significantly different among diets (F4’179=5.75,
p=0.001), with individuals reared on the 50% shea seed
cake (SBC50) taking a significantly longer time (67 days) to
develop compared to other diets (Figure 3). The develop-
ment time of A. domesticus reared on the 50% sunflower
seed cake (SFC50; 56 days) was comparable to those fed
on the control diet (56 days). The treatment x sex interac-
tion was not significant (F3,179= 1.95, p=1.123) and there
was no significant difference among males and females
(F) 15,=1.08, p=0.301).

Nutritional composition of
experimental diets

The content of crude protein was highest in diets with
50% sunflower seed cake SFC50 (16.3%), followed by the
diet with 25% maize bran and 25% each of the seed cakes
(MSSP25) (15.5%), while crude fat was highest in all oil seed
by-products-based diets compared to the control diet
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FIGURE 3 Mean development time (days) of Acheta domesticus
on five diets. Bars with the same letters are not significantly

different (p>0.05). Error bars indicate standard error of the mean.
CCM =commercial chicken mash (control diet), SFC50=50% sunflower
seed cake +50% maize bran, POC50=50% oil palm seed cake +50%
maize bran, MSSP25 =25% maize bran +25% of each seed cake,
SBC50=50% shea seed cake + 50% maize bran.

(Table 2). Nine essential minerals (phosphorus, magnesium,
potassium, sodium, calcium, zinc, copper, iron and manga-
nese) were detected in all the diets in varying proportions.
The content of phosphorus, magnesium, calcium, and
sodium was highest in the control diet, while potassium,
zinc, copper, iron, and manganese were highest in oil seed
by-products-based diets compared to the control diet. The
most predominant fatty acids in all diets were oleic acid
(18:1), palmitic acid (16:0), linoleic acid (18:2), and stearic
acid (18:0). The saturated fatty acids in the test diets were
about double the value in the control diet. Polyunsaturated
fatty acids were significantly higher in the control diet than
in any of the test diets. Monounsaturated fatty acids were
lowest in the 50% oil palm seed cake but were comparable
among all the other diets.

Proximate composition of A. domesticus fed
on four diets

The content of DM, ash, crude fiber, and carbohydrate was
not significantly different among A. domesticus fed on all
four diets (Table 3). The content of protein was significantly
higher in A. domesticus fed on the control diet, while the
content of crude fat was significantly higher among A. do-
mesticus fed on the three oil seed by-product-based diets
compared to the control diet.

Mineral content of A. domesticus fed on
four diets

All the nine essential minerals found in the diets were
also observed in A. domesticus fed on the four diets. The
content of phosphorus, magnesium, potassium, and
zinc was significantly higher in A. domesticus fed on the
control diet, while the content of sodium, calcium, and
iron was significantly higher in A. domesticus fed on oil
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TABLE 2 Proximate, mineral and fatty acid composition of experimental diets (mean +standard error of the mean).
Diet treatment
ccm SFC50 SBC50 POC50 MSSP25

Proximate (% dry matter)
Dry matter 90.9+0.1 94.6+0.3 92.1+0.2 92.1+0.2 93.8+0.2
Total ash 10.6+0.7 4.8+0.2 51+0.1 13.2+£0.3 8.8+0.2
Crude fiber 10.9+0.5 16.8+£0.6 12.7+0.3 13.9+0.3 13.9+0.3
Crude fat 77+0.3 36.6+0.5 23.2+0.2 17.8+£0.6 24.5+0.1
Crude protein 13.5+£0.1 16.4+0.2 12.5+0.1 14.9+0.1 15.5+£0.3
Carbohydrate 48.3+14 19.9+0.6 38.5+0.5 323+04 31.2+£0.5

Minerals (mg/100g dry matter)
P 747.97 £59.17 553.1+16.44 543.91+48.37 461.22+9.43 486.85+27.18
Mg 406.01+£11.72 22494+£4.93 248.51+£15.18 248.02+7.55 232.51+£8.75
K 716.95+21.01 642.82+8.51 1236.55+9.23 905.79+9.25 1014.65+5.35
Na 83.43+3.31 55.83+4.92 5715+5.22 32.89+5.20 66.49+6.97
Ca 798.82+63.62 214.94+20.66 352.9+6.02 355.44+7.29 458.13+9.59
Zn 5.21+£0.55 4.5+0.31 3.75+£047 5.46+0.52 3.71+£0.24
Cu 0.83+0.07 1.03+£0.04 0.47 £0.05 4.95+0.38 2.96+0.42
Fe 167.84+13.84 79.85+4.43 28.81+1.16 97491 £34.64 480.05+4.34
Mn 4.01+0.37 3.67+0.29 3.05+0.39 8.89+0.57 6.14+0.12

Fatty acids (% of 1009 crude fat)
Myristic acid (C14:0) 0.1+£0.01 0.1£0.01 7.8+0.1 0.6+0.3 0.3+0.01
Palmitic acid (C16:0) 11.4+04 8.7+0.1 40.1+04 344+04 13.5+0.2
Palmitoleic acid (C16:1) 0.4+0.01 0.1+£0.01 39.5+0.2 0.2+0.01 0.2+0.03
Stearic acid (C18:0) 4.04+0.2 29.3+0.8 10.4+0.3 6.9+0.2 17.9+0.2
Oleic acid (C18:1) 38.8+0.6 36.9+1.2 0.4+0.1 329+0.9 38.1+0.3
Linoleic acid (C18:2) 41.8+0.7 23.6+0.7 1.+£0.02 21.5+0.5 26.2+0.4
Alpha linolenic acid (C18:3) 0.8+0.03 0.35+0.01 0.2+0.2 0.6+0.02 0.3+0.02
Arachidic acid (C20:0) 0.6+0.1 1.2£0.1 0.21+0.04 0.7+0.1 0.8+0.02
Eicosanoic acid (C20:1) 0.4+0.01 0.4+0.1 1.38+0.03 0.3+0.03 0.2+0.02
Behenic acid (C22:0) 0.4+0.01 0.4+0.04 0.22+0.01 0.3+0.04 0.6+0.03
Lignoceric acid (C24:0) 0.3+£0.02 0.3+£0.02 0.21+0.04 0.4+0.02 0.3+0.01
SFA 16.9+0.6 39.9+0.8 49.71+£0.6 43.6%0.5 33.4+0.1
MUFA 39.5+0.6 374+1.2 39.51+£0.7 33.4+09 38.6%0.2
PUFA 42.6+0.7 239+0.7 10.83+0.4 221+0.5 26.5+0.4

Note: CCM =commercial chicken mash (control diet), SFC50=50% sunflower seed cake + 50% maize bran, POC50=50% oil palm seed cake +50% maize bran,

MSSP25 =25% maize bran +25% of each seed cake, SBC50=50% shea seed cake + 50% maize bran.
Abbreviations: MUFA, monounsaturated fatty acid; PFA, polyunsaturated fatty acid; SFA, saturated fatty acid.

seed by-product-based diets compared to the control diet
(Table 4). The content of copper and manganese was not
different among all diet treatments.

Fatty acid composition of A. domesticus fed
on four diets

Eight fatty acids were found in A. domesticus fed on the
four diets (SFC50, POC50, MSSP25, and the control diet).
These included four SFAs (palmitic acid, stearic acid,

myristic acid and arachidic acid), two MUFAs (oleic acid
and palmitoleic acid), and two PUFAs (linoleic acid and
Alpha linolenic acid) (Table 5). The most predominant
fatty acids were SFAs (36%-40%) followed by PUFAs
(28%-36%).

The composition of fatty acids in A. domesticus dif-
fered significantly among the four diets (PERMANOVA
Pseudo-F, ;=205.26, p=0.001). According to the pairwise
comparisons, the composition of fatty acids in A. domesti-
cus reared on all diets differed significantly from each other
as illustrated by the NMDS ordination (Figure 4). There was
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TABLE 3 Dry matter (% on fresh matter), total ash, crude fiber, crude fat, crude protein, and carbohydrates (% on dry matter basis) of Acheta
domesticus fed on four diets.

Diet treatment

Proximate ccm SFC50 POC50 MSSP25 df F p-Value
Dry matter 36.5+0.7% 37.7+0.7 36.6+0.5 35.2+0.6% 3 2.39 0.14
Total ash 6.9+0.3% 5.3+0.3 5.1+0.67 424017 3 9.34 0.07
Crude fiber 89+0.6° 7.2+0.4° 8.2+0.3° 7.4+0.2° 3 415 0.07
Crude fat 244+0.6% 35.4+0.1° 32.4+0.7° 35.3+0.9° 3 68.52 <0.001
Crude protein 58.1+0.2% 45.7+0.5° 51.9+0.9° 51.3+14° 3 32.76 <0.001
Carbohydrate 10.6+0.8? 13.6+0.8° 10.6+0.9% 9.3+1.9? 3 2.32 0.52

Note: Values within the same row with same letters are not significantly different (mean + standard error of the mean, One-way ANOVA, a=0.05). CCM=commercial
chicken mash (control diet), SFC50=50% sunflower seed cake +50% maize bran, POC50 =50% oil palm seed cake +50% maize bran, MSSP25 =25% maize bran +25% of
each seed cake. SBC50 was not included because no adults emerged.

TABLE 4 Mineral content (mg/100g dry matter basis) of Acheta domesticus fed on four diets.

Diet treatment

Mineral CCM SFC50 POC50 MSSP25 df F p-Value
P 716.6+63.98° 621.8+10.53° 622.43+0.52° 655.11+2.21° 3 144.62 0.01
Mg 74.31+£0.91° 60.71+0.84° 63.84+0.49° 48.96+0.77 3 182.78 0.01
K 979.45+0.98° 832.32+0.77° 875.27+0.77° 880.18+1.35° 3 3912.52 0.01
Na 331.98+1.15 327.81+117° 341.21+1.16° 352.95+1.64° 3 112.48 0.01
Ca 85.78+0.59 80.66+1.15° 113.64+0.98° 132.91+1.19¢ 3 593.71 0.01
Zn 18.94+0.66° 14.08+0.19° 14.48+0.19° 12.02+0.59° 3 39.97 0.01
Cu 1.37£017° 1.62+0.14% 1.73+0.27° 1.8+0.172 3 0.91 0.48
Fe 14.93+0.52 10.27+£0.78° 28.8+0.29° 19.07 +0.63¢ 3 182.15 0.01
Mn 2.88+0.18° 2.51+0.19° 2.57+0.22 2.55+0.21 3 0.71 0.57

Note: Values within the same row with same letters are not significantly different (mean + standard error of the mean, One-way ANOVA, a=0.05). CCM =commercial
chicken mash (control diet), SFC50=50% sunflower seed cake +50% maize bran, POC50 =50% oil palm seed cake +50% maize bran, MSSP25 =25% maize bran +25% of
each seed cake. BC50 was not included because no adults emerged.

TABLE 5 Fatty acid composition (% of 100g crude fat) of Acheta domesticus fed on four diets.

Diet treatment

Fatty acids ccm SFC50 POC50 MSSP25 df Pseudo-F p-Value
Myristic acid (C14:0) 1£0? 1+0? 1.3+0.3? 20.7+0.3° 3 0.23 0.02
Palmitic acid (C16:0) 25.3+0.3% 19+0.6° 30.7+0.7 1.3+0.3¢ 3 43.32 0.03
Palmitoleic acid (C16:1) 1.6+0.1° 1.4+0.1° 1.4+0.1° 0.5+0.04° 3 146 0.04
Stearic acid (C18:0) 9+0? 15.7+£0.9° 8+0° 14+0¢ 3 2.76 0.02
Oleic acid (C18:1) 28.3+0.2° 25.3+0.8° 30.02+0.5° 33.8+0.8¢ 3 34.71 0.03
Linoleic acid (C18:2) 33.2+0.2° 36.6+£0.9° 28.4+0.4° 29.7+0.3¢ 3 23.36 0.03
Alpha linolenic acid (C18:3) 0.3+0.02? 0.2+0.01° 0.4+0.1° 0.2+0.03° 3 0.37 0.04
Arachidic acid (C20:0) 0.3+0.3% 0.3+0.3% 0.3+0.3% 0+0? 3 1.74 017
SFA 36.6+0.2° 36.3+1.6° 40.5+0.6° 374+0.5¢ 3 57.12 0.04
MUFA 29.8+0.3 26.7+0.8° 31.4+0.6° 34.3+0.8¢ 3 38.28 0.03
PUFA 33.8+0.3° 36.9+0.9° 28.8+0.45° 29.9+0.3 3 39.44 0.04
©-6/0-3 102.5+7.2° 231.1+17.9° 78.7+8.3° 165.1 +£20.7° 3 89.76 0.01

Note: Values within the same row with same letters are not significantly different (mean + standard error, PERMANOVA, a = 0.05). CCM =commercial chicken mash (control
diet), SFC50=50% sunflower seed cake + 50% maize bran, POC50=>50% oil palm seed cake + 50% maize bran, MSSP25 =25% maize bran+25% of each seed cake. SBC50
was not included because no adults emerged.

Abbreviations: MUFA, monounsaturated fatty acid; PFA, polyunsaturated fatty acid; SFA, saturated fatty acid.
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no significant difference in the degree of variability in fatty
acid composition of A. domesticus among diet treatments
(PERMDISP: F318= 3.64, p=0.224). Three fatty acids (palmitic
acid, linoleic acid, and myristic acid) made the strongest
contribution to differences in the fatty acid composition
of A. domesticus fed on the four diets (SIMPER analysis;
Table 6).

The proportion of SFAs differed significantly among
A. domesticus fed on the four diets (PERMANOVA
Pseudo—F3,8=549.44, p=0.001). Based on the pairwise
comparisons, the four diets differed significantly from
each other (p<0.05). The proportion of MUFAs in A. do-
mesticus fed on the four diets was significantly different
(PERMANOVA Pseudo—F3,8= 32.402, p<0.001). Based on the
pairwise comparisons, the diets differed significantly from
each other (p <0.05). Also, the proportion of PUFAs differed
among diet treatments (PERMANOVA Pseudo—F3,8=42.91,
p=0.001). According to the pairwise comparisons, the
diets differed significantly from each other (p<0.05) ex-
cept for diet POC50 versus MSSP25 (p=0.06). In addition,
the w-6/w-3 ratio differed among diets (PERMANOVA

2D Stress: 0

SFC50

NMDS Axis 2

POC50 MSSP25
.
ccMm
A

NMDS Axis 1

FIGURE 4 Patternsin the fatty acid composition of Acheta
domesticus fed on the four diets, based on non-metric multidimensional
scaling (NMDS). The centroids of each treatment are shown for clarity.
The closer the treatments are in the ordination space, the more similar
their fatty acid composition was. CCM =commercial chicken mash
(control diet), SFC50=50% sunflower seed cake +50% maize bran,
POC50=50% oil palm seed cake +50% maize bran, MSSP25 =25% maize
bran+25% of each seed cake. SBC50 was not included because no
adults emerged.

Pseudo-F3’8=21.43, p=0.001). Based on the pairwise com-
parisons, the w-6/w-3 ratio differed among all diet pairs
except CCM versus POC50 (p=0.097) and SFC50 versus
MSSP25 (p=0.084).

The resemblance matrix of fatty acid compositions of
the four diets (CCM, SFC50, POC50 MSSP) did not correlate
with that of A. domesticus fed on these diets (RELATE anal-
ysis; p=0.11, p=0.216).

DISCUSSION

This study demonstrated that supplementation of maize
bran with 50% of either sunflower seed cake or oil palm
seed cake improves survival and weight gain of A. do-
mesticus and shortens their development time. Survival
(neonate nymphs to adults) of A. domesticus fed on diets
supplemented with either sunflower seed cake or oil palm
seed cake was 2-4 times higher than their counterparts fed
on a combination of spent grain, beer yeast, and cookie re-
mains (27%) (Jucker et al., 2022; Oonincx et al., 2015). The
differences in the survival of A. domesticus in previous
studies and the current study could be due to the differ-
ences in nutritional composition of the diets tested. We
observed the highest survival in diets, 50% sunflower seed
cake (SFC50), 50% oil palm seed cake (POC50), and the
control diet. The high survival among A. domesticus fed on
these diets is attributed to higher content of proteins and
minerals (iron and sodium), which are vital for insect sur-
vival (Ferrero et al., 2017; Hernandez et al., 2012; Peterson
et al., 2021). Our results concur with Oonincx et al. (2015)
and Kaewtapee et al. (2024) who reported high survival of
A. domesticus and Gryllus bimaculatus (DeGeer) fed on pro-
tein and mineral-rich diets. Whereas the protein and min-
eral (iron and sodium) content of diets consisting of shea
seed cake (MSSP25 and SBC50) were comparable to the
other diets, survival of A. domesticus fed on these diets was
low compared to those fed on diets containing 50% sun-
flower seed cake, 50% oil palm seed cake, and the control
diet. This could be because shea seed cake was unpalata-
ble to A. domesticus, which led to low intake of diets where
it was incorporated. It is also likely that shea seed cake
contains antinutrients such as tannins, which could have

TABLE 6 Fatty acids in Acheta domesticus that contributed to the dissimilarity between different pairs of diet treatments (SIMPER analysis, %

contribution).

Fatty acid CCMand SFC50 CCMandPOC50 CCMand MSSP25 SFC50and POC50 SFC50and MSSP25 POC50 and MSSP25
Linoleic acid 16.6 35.9 - 24.5 12.2 -

Oleic acid 14.6 13.01 9.3 14.1 15.1 6.2

Palmitic acid 32.8 354 41.4 34.2 31.6 48

Stearic acid 324 9.9 7.8 237 - 9.8

Myristic - - 334 - 35.6 319

Note: Fatty acids with the highest contribution are shown in bold. CCM=commercial chicken mash (control diet), SFC50 =50% sunflower seed cake + 50% maize bran,
POC50=50% oil palm seed cake +50% maize bran, MSSP25 =25% maize bran +25% of each seed cake. SBC50 was not included because no adults emerged.
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interfered with the digestibility of the feeds and utiliza-
tion of nutrients in these diets. However, investigating the
presence of antinutrients in shea seed cake is warranted to
confirm this argument.

Adult weight of A. domesticus reared on diets, 50% sun-
flower seed cake, 50% oil palm seed cake was significantly
heavier compared to those fed on the control diet and
diets containing shea seed cake. This is because the high
content of protein and fat in these diets enhanced weight
gain of A. domesticus. Proteins are the body building blocks
which translate into an increase in size while fats and ex-
cess carbohydrates are accumulated in the fat body of in-
sects, hence increasing their biomass (Kim et al., 2020; Li
et al., 2020). The adult weight of A. domesticus observed
in this study is comparable to those fed on hen feed com-
bined with grape marc (0.2-0.38g), maize distiller (0.27-
0.329g) (Jucker et al., 2022) and a combination of rice bran
and spent yeast (0.34g) (Orinda et al., 2017). Our findings
have revealed that maize bran supplemented with either
50% sunflower cake or oil palm cake can be used in large-
scale production systems to produce A. domesticus of en-
hanced weight. The interaction between diet and sex was
not significant, indicating that both sexes responded simi-
larly to the different diets in terms of weight gain. However,
females from all diets were heavier than males. This result
aligns with the typical sexual dimorphism observed in
many insect species, where females often grow larger than
males, potentially due to reproductive roles and associated
energy requirements (Esperk et al., 2007).

Acheta domesticus fed on 50% sunflower seed cake and
the control diet developed faster than those fed on other
diets (POC50, MSSP25, and SBC50). The development time
of A. domesticus (from neonate nymphs to adults) observed
in this study is comparable to those reared on fruit and
vegetable waste (67 days), maize distiller (60days) (Jucker
et al, 2022), and a high protein, high fat diet (55days)
(Oonincx et al., 2015). The fast growth observed in A. do-
mesticus fed on the control diet and 50% sunflower seed
cake diet can be explained by the higher levels of protein
and carbohydrates in these diets compared to the other oil
seed by-product-based diets. Similarly, Bawa et al. (2020)
and Oonincx et al. (2015) observed shorter development
times among A. domesticus reared on high protein diets.
Our findings align with Roeder and Behmer (2014) and
Rho and Lee (2014), who reported that proteins and car-
bohydrates are crucial nutrients in insects development.
Kim et al. (2020) also found that Drosophila melanogaster
(Meigen) grew faster when fed on diets containing high
levels of proteins and carbohydrates.

Previous studies have consistently reported that the
proximate composition, mainly protein and fat, of A. do-
mesticus is modified by diet (Bawa et al., 2020; Finke, 2002;
Oonincx et al., 2019). In the present study, all proximate
parameters except fat and protein were similar in A. do-
mesticus fed on the four diets (SFC50, POC50, MSSP25, and
control diet). The fat content of A. domesticus was greatly
influenced by oil seed by-product diets due to their high

fat content. The content of fat found in A. domesticus reared
on oil seed-based diets was higher than the 6%-19% that
was found in A. domesticus fed on vegetable waste, cat-
tle manure, garden waste, and horse manure (Harséanyi
et al., 2020). Acheta domesticus fed on the oil seed-based
diets in the current study also had a higher fat content than
those fed on formulated feed with varied protein compo-
sition (Yaemkong et al., 2024). The content of protein in
A. domesticus fed on the three oil seed by-product-based
diets was generally lower than that in those fed on the
control diet. However, this protein content is comparable
to the 52% protein reported by Oonincx et al. (2015) in A.
domesticus reared on combinations of by-products from
food industries. The content of fiber, ash, and carbohy-
drate found in our study falls within the ranges previously
reported for A. domesticus, where fiber ranged from 4% to
8%, ash (3%-5%) and carbohydrate (1%-11%) (Amarender
et al., 2020; Jino et al., 2021; Promkhan et al., 2020; Sihamala
et al., 2018; Udomsil et al., 2019).

Results on the mineral content of A. domesticus showed
that it proportionately accumulated all the nine minerals
that were found in the diets. This observation aligns with
the findings by Harsanyi et al. (2020) for crickets fed on veg-
etable waste, garden waste, and animal manure. The con-
tents of P, Mg, K, Na, Ca, Zn, Cu, and Mn found in the present
study are within the ranges previously reported, that is,
225.00-1038.9, 22.60-136.58, 347.00-1211.1, 101.44-471.4,
27.50-210, 6.71-22.20, 0.51-4.86, and 0.89-4.40mg/100g,
respectively (Barroso et al, 2014; Bawa et al, 2020;
Finke, 2002; Magara et al., 2021; Payne et al., 2016a, 2016b;
Rumpold & Schliter, 2013; Udomsil et al., 2019; Williams
et al., 2016). For the case of iron, its content was highest
in A. domesticus fed on diets POC50 and MSSP25 and was
above the range (1.9-11.23mg/100g) previously reported
(Bawa et al., 2020; Magara et al., 2021). The high content of
iron in A. domesticus fed on these diets is explained by the
significantly high content of iron in the diets. Therefore,
oil seed by-product-based diets can be used to produce
A. domesticus rich in macro and micro minerals, notably
diets POC50 and MSSP25, which yielded crickets contain-
ing an exceptionally high content of iron. The content of
iron in crickets fed on POC50 is 12 times more than that of
beef (2.4mg/100g) and 23 times more than that of chicken
(1.2mg/100g) (Finke, 2002).

Our results revealed that the fatty acid composition of A.
domesticus was influenced by the diets, which concurs with
previous reports (Bawa et al., 2020; Oonincx et al., 2015). The
most abundant fatty acids were oleic acid and linoleic acid,
and they were highest in A. domesticus fed on diets MSSP25
and SFC50, respectively. These results are noteworthy since
both oleic and linoleic acids are associated with a decrease
in low-density lipoprotein and cholesterol; hence, they
reduce the risk of cardiovascular diseases (Pilco-Romero
et al,, 2023; Shramko et al., 2020). The gradient in the fatty
acid composition of A. domesticus corresponded with that
of the diets on which they were raised, indicating that cer-
tain fatty acids, especially linoleic acid, are modified by diet,
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which aligns with findings by Lehtovaara et al. (2017). The
saturated fatty acids were the most predominant, and their
content was highest in A. domesticus fed on diet POC50,
which is reflected in this diet. Whereas monounsaturated
fatty acids are reportedly higher than polyunsaturated
fatty acids in A. domesticus and other orthopterans (Pilco-
Romero et al., 2023; Udomisil et al., 2019), we found higher
levels of PUFAs compared to MUFAs in crickets fed on the
50% sunflower seed cake and the control diet. However, in
all diets, PUFAs were mainly contributed by linoleic acid,
which greatly increased the w-6/w-3 ratio. Foods with high
levels of w-6/w-3 ratio are associated with inflammatory,
cardiovascular, and immunological disorders in humans
(Russo, 2009). Therefore, while the oil seed by-product diets
are potential alternative diets for mass production of A. do-
mesticus, it is important to increase the content of alpha-
linolenic acid in these diets to produce crickets with o-6/w-3
ratio that is within the recommended range of 4:1 to 10:1 as-
sociated with more health benefits to humans (Russo, 2009;
Ssepuuya et al., 2019).

CONCLUSION

In conclusion, our results demonstrated that supplemen-
tation of maize bran with 50% of either sunflower seed
cake or oil palm seed cake enhances survival and weight
gain of crickets and shortens their development time.
Furthermore, these diets modify the nutritional compo-
sition of A. domesticus, notably fat, iron, and PUFA but
not the w-6/w-3 ratio. We recommend use of SFC50 and
POC50 as alternative diets to commercial chicken mash in
mass production of A. domesticus. However, future studies
should focus on increasing the content of alpha-linolenic
acid in these diets to produce crickets that are healthier
for human consumption. Furthermore, evaluating the eco-
nomic feasibility of using maize bran supplemented with
either 50% sunflower cake or oil palm cake compared to
the conventional feed (chicken mash) in mass rearing of A.
domesticus is warranted.
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