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Simple Summary: Gryllodes sigillatus is a key edible cricket that possesses a significant
nutritional benefit and excellent feed conversion ratio (FCR) and requires less feed to
produce protein compared to traditional livestock like cattle or poultry. Despite the potential
of insects in sustainable food systems, their role in managing agro-waste and weeds through
rearing remains underexplored, and empirical research on their ecological interactions and
waste conversion efficiency is limited. This research addresses critical research gaps and
priorities to advance the integration of insects into sustainable food systems in Madagascar.
This study evaluated the impact of formulated diets from weeds and agro by-products on
growth parameters of G. sigillatus nymphs in Madagascar. Additionally, it determined the
nutritional composition of crickets fed the developed diets. The results revealed that the
diets offered to the crickets significantly affected the growth parameters and nutritional
value of the adult insects in different ways. These findings suggest that weeds and agro
by-products may be used to formulate inexpensive, accessible, and sustainable cricket diets
that can replace chicken feed. The resulting crickets can be used to reduce malnutrition in
Madagascar while facilitating the management of weeds and agro by-products as part of a
circular farming system.

Abstract: The tropical house cricket (Gryllodes sigillatus) can convert organic diets formu-
lated from weeds and agro by-products into high-quality biomass. This study assessed
the potential of diets developed from weeds and agro by-products as a feed source for G.
sigillatus. We compared the development and nutritional value of crickets fed these alterna-
tive diets with control crickets fed chicken feed. Ten different diets with varying protein
contents were used, including chicken feed (Control) with a protein content of 215 g/Kg
dry matter (DM) basis), Cassava-Sugar Diet (250 g/Kg DM protein) Desmodium-Bran
Diet (245 g/Kg DM protein), Morning Glory—Bean Diet (240 g/Kg DM protein), Morning
Glory—Cassava Diet (235 g/Kg DM protein), Morning Glory—Cowpea Diet (225 g/Kg DM
protein), Mixed Weed—-Bran Diet (Optimal) (215 g/Kg DM protein) Cassava—-Gallant Soldier
Diet (200 g/Kg DM protein), Wheat—Bran Diet (145 g/Kg DM protein), and Maize—Cassava
Diet (135 g/Kg DM protein). The weight and length of the crickets were measured for
9 weeks from day 1 after hatching to day 56. Then, the crickets were harvested and ana-
lyzed for dry matter, crude protein, fat, ash, fiber, minerals, and fatty acid composition.
Cricket developmental time, survival rate, weight and length, yield, proximate compo-
nents, and mineral and fatty acids differed depending on the diet provided. The Mixed
Weed-Bran Diet (Optimal) resulted in the crickets developing faster (48.8 days), with a
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higher survival rate (88.1%), greater adult length (19.2 cm) and weight (0.44 g), and a
nutrition content richer in minerals and unsaturated fatty acids when compared to other
treatments. Oleic, linoleic, and palmitic acids were the major fatty acids. The highest
protein content (64.4 g/100 g) was observed in the Mixed Weed-Bran Diet (Optimal) and
Morning Glory—Cassava Diet treatments, while the Maize—Cassava Diet treatment crick-
ets possessed the highest quantities of fats (19.1 g/100 g) and ash (15.4 g/100 g). The
fatty acid profile of G. sigillatus revealed the cricket to have high unsaturated fatty acids
except in crickets fed Morning Glory—Cowpea Diet and Wheat-Bran Diet. Generally, G.
sigillatus grew best and had the most nutritious body composition on the Mixed Weed-
Bran Diet (Optimal). The findings indicate that diets developed from weeds and agro
by-products have great potential to be used as an alternative feed source for crickets and
are capable of replacing expensive chicken feed, enhancing the circular farming potential of
insect farming.

Keywords: Gryllodes sigillatus; entomophagy; diets; weeds and agro by-products;
nutrition analysis

1. Introduction

The global human population is predicted to hit the 10-billion mark by 2050, with
most of this growth expected to be in the Global South [1,2]. To meet the food demands
of this growing population, food production must increase by over 70% between now
and 2050 [3-5]. But increasing food production in the Global South will be complicated
by limitations in the amount of arable land, energy, and water, among other factors [6-8].
Traditional food production systems often result in negative effects on the environment,
such as clearing forests for farm fields, destruction of soils due to continuous farming,
and emissions of carbon dioxide, water vapor, methane, and ammonia gases [9]. Alterna-
tive food sources are sorely needed to counter these challenges. One such alternative is
farmed edible crickets. Crickets are rich sources of nutrients for human consumption and
animal feed, such as proteins, lipids, minerals, vitamins, energy, fatty acids, and amino
acids [10-12]. Edible crickets have many benefits which make them more sustainable
animals to farm. These include crickets’” ability to consume organic by-products from
both agricultural and industrial sources, as well as having less negative impacts on the
environment than traditional livestock species, high feed conversion ratios, and higher
egg-laying capacity with a short life period, requiring far less space and little water for
production, and emitting far fewer greenhouse gases than livestock [13-16]. In addition,
the organic waste produced from farming crickets, known as frass, is an effective crop
fertilizer [17].

The culture of consuming various species of cricket dates back to historic times and
is a habit reported in various anecdotes [18-20]. Over 60 species of edible cricket have
been reported to be consumed globally [11]. These crickets are consumed as either food
or traditional medicine and are also used as feed for poultry and fish by over two billion
people globally, especially in Africa, Asia, and South America [21-24].

One of the crickets consumed globally is the tropical house cricket (Gryllodes sigillatus
Walker, Orthoptera: Gryllidae). Gryllodes sigillatus is a small brown cricket with two dark
bands across its thorax. As its vernacular name suggests, this species is found in the
tropics and subtropics [25]. Adult males have wings covering the body halfway, enabling
them to emit quiet chirps, while females have inconspicuous wings [26]. This cricket is
emerging as a promising alternative to Acheta domesticus, Pteronemobius nigrovus, Teleogryllus
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commodus and Teleogryllus oceanicus for farming because of its high adaptability to many
ecological zones, fairly herbivorous nature, low propensity to bite, more neutral smell and
low propensity to be cannibalistic compared to other edible crickets [26-28]. Additionally,
G. sigillatus demonstrates a high feed conversion rate and has the capacity for large-scale
production as food and feed [29,30]. Recently, G. sigillatus meal has been successfully used
to supplement human food and for poultry and fish feed [29,30].

Despite G. sigillatus being recognized as a promising future food resource, its sustain-
able and low-cost production remains limited due to insufficient research on the suitability
of agricultural by-products as insect feed, as well as its ecological and economic impacts
within a circular farming system.

Transitioning to organic waste streams such as weeds and agro by-products from
organic farms could reduce environmental impacts, enhance resource efficiency, and sup-
port sustainable food production. Gryllodes sigillatus can be fed organic waste streams,
resulting in nymphs and adults having excellent biomass and serving as good sources
of protein, fats, fiber, ash, minerals and fatty acids [29]. The biomass and nutrient con-
tent of G. sigillatus can reach high levels on a dry matter basis, depending on the diet
provided [10,15,19]. Previously, this cricket has been reared on chicken feed, which is
expensive for the farmers to afford [25]. Moreover, this cricket has been reported to be
farmed on single agro by-products, industrial food wastes, and a mixture of agro and
industrial by-products [14,30,31]. However, no study has explored raising this cricket
on diets developed from a combination of weeds and agro by-products. In this context,
weeds are primarily unwanted plants growing where they are not required [8]. On the
other hand, agro by-products are low-value agri-food wastes generated during various
stages of agricultural and food processing activities [14,32]. Weeds and agro by-products
possess several nutritional, functional, and bioactive components which can be used to
develop innovative feed products, reduce waste, and improve the overall sustainability of
cricket farming globally [32-34]. The selected weeds for the development of experimental
diets against G. sigillatus include silver leaf Desmodium (Desmodium uncinatum (Jacq.) DC.),
tropical African morning glory (Ipomoea alba L.), and gallant soldier (Galinsoga parviflora
Cav.). On the other hand, the selected agro by-products included cassava leaves (Manihot
esculenta L.), wheat bran (Triticum aestivum L.), maize bran (Zea maize L.), cowpea bran
(Vigna unguiculata (L.) Walp), navy bean bran (Phaseolus vulgaris), maize germ (Zea mays
L.), rice bran (Oryza sativa L.), taro leaves (Colocasia esculenta (L.) Schott), and cassava tuber
bran (Manihot esculenta L.). These weeds and agro by-products were selected for the study
because they are reported to be accepted as feed by farmed crickets [8]. Moreover, they are
locally available in high abundance [8]. At the same time, these weeds have been reported
to be less expensive than the chicken feed usually used by cricket farmers [8]. Additionally,
they are said to be rich in nutrients to support the life cycle of farmed crickets [8].

The objective of the present study was to compare the suitability of certain diets
formulated from weeds and agro by-products, including chicken feed (control), Cassava—
Sugar Diet, Desmodium-Bran Diet, Morning Glory—Bean Diet, Morning Glory—Cassava
Diet, Morning Glory—Cowpea Diet, Mixed Weed—Bran Diet (Optimal), Wheat-Bran Diet,
and Maize—Cassava Diet for feeding G. sigillatus. We tested their effects on the growth
rate and nutritional composition of G. sigillatus. Lastly, we discuss the implications of our
findings for the effective mass farming of G. sigillatus in Madagascar and beyond.

2. Materials and Methods
2.1. Gryllodes sigillatus Colony

Gryllodes sigillatus eggs were collected from a colony established in April 2021 and
maintained in the Madagascar Biodiversity Center Entomology Laboratory in Antana-
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narivo, Madagascar, at a density of 0.3 crickets/cm? for adult crickets. The source pop-
ulation of adult male and female crickets for starting the mother colony was collected
from suburbanized areas around Antananarivo, Madagascar. The eggs for the experiment
were obtained from a continuous mother colony of insects raised on chicken feed for two
generations to amass a sufficient population for the experiments. Wet cotton wool balls
were used to collect eggs from the colony. The eggs used in this study were less than 2 h
old [35]. The cotton balls with the eggs were opened into sheets and placed in layers in a
plastic container measuring 18.7 x 12.6 x 7.8 cm (Super 2; Aristoplast Products Pvt. Ltd.,
Mumbeai, India). The eggs were dampened with water using a spraying hand pump. The
containers were covered with lids and the ventilation holes overlaid with 0.2 mm wire
gauze. The eggs were maintained in the laboratory at 30.0 = 1.0 °C, 70.0% relative humidity,
and a photoperiod of 12:12 (L: D) until hatching.

2.2. Cricket Feeding Experiments

The experiment utilized cleaned plastic containers measuring 18.7 x 12.6 x 7.8 cm
for group cricket experiments (30 crickets per container). Although this density was
low compared to regular rearing density, we selected it because it was more suitable for
our growth study. This choice reduces stress in crickets, which could affect our results,
diminishes cannibalism, and lowers competition for feed, allowing us to obtain more
reliable data by subjecting the crickets to less environmental variation between replicates.
The containers were covered with lids with openings measuring 17 x 10 cm fitted with
0.02 mm wire mesh for ventilation, to prevent crickets from escaping and to block the entry
of predators. They were stored under the same environmental conditions as previously
described. Diets were weighed and distributed to the rearing plastic containers at a uniform
feeding rate of 100 mg/nymph every 3 days, amounting to 3 grams for 30 juveniles at the
start of the experiment; however, this was adjusted to 5 grams as the crickets grew [36].
The uniform feeding rate of 100 mg/nymph every 3 days was determined by conducting a
preliminary feeding experiment with 30 juveniles per box using chicken feed as a reference
for 28 days before the actual tests for developed diets. At this feeding rate, the nymphs
were found to leave some unconsumed diet. At any rate, below that, the nymphs consumed
everything. During rearing, 30 one-day-old G. sigillatus nymphs were introduced per
container, with each treatment having 10 replicates (n = 300). The diets were exchanged
every three days, and clean tap water was replenished daily. The data was recorded weekly.

2.3. Diets and Their Preparation

The weeds, agro by-products, and other materials used in developing the nine different
diets were obtained from organic farms and local sellers in Antananarivo. The weeds
included silver leaf Desmodium (Desmodium uncinatum (Jacq.) DC.), tropical African morning
glory (Ipomoea alba L.), and gallant soldier (Galinsoga parviflora Cav.). The agro by-products
procured were cassava leaves (Manihot esculenta L.), wheat bran (Triticum aestivum L.),
maize bran (Zea maize L.), cowpea bran (Vigna unguiculata (L.) Walp), navy bean bran
(Phaseolus vulgaris), maize germ (Zea mays L.), rice bran (Oryza sativa L.), taro leaves
(Colocasia esculenta (L.) Schott), and cassava tuber bran (Manihot esculenta L.). The other
materials obtained from the sellers were white sugar made from sugar cane and baking
powder. These ingredients were selected for the study because they are acceptable as feed
by farmed crickets, locally available in high abundance, affordable to many cricket farmers
compared to chicken feed and rich in protein content [8]. The silver leaf Desmodium, tropical
African morning glory, gallant soldier, cassava leaves and taro leaves were cleaned using
clean tap water, sun-dried for three days, and milled into single-ingredient powders used
to develop the diets [12]. The study diets developed included (1) chicken feed (control);
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(2) cassava leaf powder, sugar and baking powder; (3) silver leaf Desmodium, wheat bran,
maize bran, and cowpea bran; (4) tropical African morning glory powder, maize bran, navy
bean bran, maize germ, and rice bran; (5) tropical African morning glory powder, cassava
leaf powder, maize bran, and rice bran; (6) tropical African morning glory powder, cassava
leaf powder, cowpea bran, and navy bean bran; (7) tropical African morning glory powder,
gallant soldier powder, cassava leaf powder, cowpea bran, navy bean, maize bran, and
wheat bran; (8) cassava leaf powder, gallant soldier powder, cowpea bran, tropical African
morning glory powder, and taro leaf powder; (9) wheat bran and baking powder; and (10)
maize bran, cassava tuber bran, wheat bran, and baking powder (Table 1).

Table 1. Ingredients of the experimental and control diets.

Diets Diet Ingredients Quantity g/Kg DM
Chicken Feed (Control) Control Control
. Cassava leaves, sugar and
Cassava-Sugar Diet baking powder 980g+10g+10g
Silver leaf Desmodium, wheat bran,
Desmodium-Bran Diet maize bran, and cowpea 200g+200g+200g+400g

bran, SWMC

Morning Glory—Bean Diet

Tropical African morning glory, navy
bean bran, maize bran, maize germ,
rice bran

300 g +300 g +200 g + 100 g + 100 g

Morning Glory—Cassava Diet

Tropical African morning glory,
cassava leaves, maize bran, rice bran,
cowpea bran, navy bean bran

200g+200g+200g+100g+100g
+200 g

Morning Glory—Cowpea Diet

Tropical African morning glory,
cowpea bran, cassava leaf powder,
cowpea bran and navy bean bran

300 g +200 g +400 g +100 g

Mixed Weed—Bran Diet
(Optimal)

Tropical African morning glory,
gallant soldier, cassava leaves,
cowpea bran, navy bean bran, maize
bran, wheat bran

200g+200g+150g+200g+ 100 g +
100g+50¢g

Cassava—Gallant Soldier Diet

Cassava leaves, gallant soldier,
cowpea bran, tropical African
morning glory, taro leaves

300 g +300g+200g+100g+100 g

Wheat-Bran Diet

Wheat bran and powder

990g+10g

Maize—Cassava Diet

Maize bran, cassava tuber bran,
wheat bran, baking powder

330g+330g+330g+10g

Note: Short names are based on the dominant ingredient.

2.4. Impact of Developed Diets and Chicken Feed on the Development and Survival Rate of
Gryllodes sigillatus

To determine the impact of the developed diets and the chicken feed on the devel-
opment time and survivorship of G. sigillatus, a group of 30 one-day-old nymphs were
introduced into a ventilated plastic container forming a group to be offered one kind of
developed diet. Each diet was replicated 10 times (n = 300). The total number of nymphs
used for the 10 diets was 3000. At the start of the experiment, a group of G. sigillatus
nymphs in a cage was provided with 3 g of food in a 4 cm diameter plastic Petri dish. As
the nymphs grew, the feed quantity was increased to 5 g to meet their increased consump-
tion needs. The 3 g provided at the start of the experiment and the 5 g diets offered later
to cricket nymphs were considered sufficient to sustain the nymphs as they grew. The
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experimental nymphs were offered water ad libitum using a cotton sheet measuring 5 cm
by 4 cm (length and width) dipped in water and spread in a rectangular plastic container
with an internal length measuring 5 cm and a width of 4 cm. Then, the crickets in each box
were provided three pieces of egg crates stacked on each other as a hideout. Each piece of
egg crate measured 16 cm by 12 cm by 5 cm. All food not eaten was recovered from each
box after three days and fresh food was introduced. Also, the cotton sheets used to supply
water were withdrawn and fresh water was introduced in fresh cotton sheets. The cricket
nymphs were checked daily until they reached adult stage [33]. Cricket development time
was then calculated as the number of days between the hatching of the egg and the time
of the emergence of the adult cricket [35]. The number of crickets alive at the end of the
experiment, divided by the number of cricket nymphs at the start of the experiment and
multiplied by 100, was the percent survivor rate for the crickets in each treatment [36].

2.5. Impact of Developed Diets and Chicken Diet on Wet Body Weight, Body Size and Yield of
Gryllodes sigillatus

Nymph wet weights and sizes were recorded across all the replicates in all the feeding
experiments. The measurement was performed once at the start of the experiment and
repeated after every 7 days until the 56th day, when the experiment was stopped. During
this time, 10 nymphs were randomly separated from each container into a transparent cup
with the help of a fine camel’s hair brush for body weight and size measurement. Every
feeding diet was replicated 10 times. Therefore, 100 insects (n = 100) were sampled from
each diet. Considering all 10 feeding diets, 1000 nymphs (100/experimental diet) were
randomly picked from experimental containers each sampling day. The sampled nymphs
from each replicate were then put into a transparent plastic cup (7.5 cm diameter x 12.5 cm
height) covered with a transparent Petri dish, and the total mass was measured using an
analytical balance with a precision of 0.001 g (Kern and Sohn, Ballngen, Germany). The
wet body mass of the cricket was recorded as the mass of the transparent Petri dish, and
the mass of the transparent plastic cup was subtracted from the total mass [12,16]. The wet
body size of each nymph was measured using a ruler with a precision of one millimeter [19].
In containers where high mortality resulted in fewer than 10 surviving crickets, the body
weight and length of all the crickets were measured.

2.6. Impact of Developed Diets and Chicken Diet on Feed Conversion Ratio and Yield of Gryllodes
sigillatus on a Simulated Small-Scale Farm

To determine the yield of G. sigillatus fed each developed diet and chicken feed,
2500 one-day-old nymphs were introduced into a rearing box with an internal length of
48 cm, width of 31 cm, and height of 27 cm with a ventilated lid. For each diet, there were
five replicates (n = 5). The total number of crickets used per diet was 12,500. Cricket nymphs
in each box were offered 5 g of diet in the first 14 days and the diets were adjusted to 10 g
as the crickets increased in size and their consumption increased. The nymphs in each
rearing box were also provided with water in cotton sheets placed uniformly in a shallow
plastic container with rough walls to enable them to climb and reach the water. Then, the
nymphs were given five egg crates as hideouts. The remaining food was removed from
each box every three days and replaced with fresh food. Similarly, the cotton sheets were
exchanged after three days [8]. The unconsumed food mixed with cricket feces recovered
from each box was separated, dried, and weighed following the protocol of [12]. At the end
of the experiment, the yield for each treatment was determined by weighing all crickets
per container. The total output was then pooled to identify the most effective diet. Thus,
the crickets were reared up to the 56th day. Then, the crickets from each rearing box were
harvested into a transparent plastic container and weighed. The weight of the crickets in
each container was obtained by subtracting the weight of the transparent plastic container
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from the weight of the crickets and the plastic container. The amount of feed consumed
per group was determined by subtracting the dried unconsumed diet from the initial feed
offered to the cricket at each feeding session. Then, the amount of food consumed in eight
weeks (56 days) was pooled per replicate and used to calculate the feed conversion ratio
(FCR) of crickets in each rearing container. The FCR was subsequently obtained by dividing
the total diet consumed/total weight gain [37,38].

2.7. Gryllodes sigillatus Cricket Samples and Their Preparation

The same ratio of female to male adults of tropical house crickets reared on nine
developed diets and chicken feed as the control were placed into Ziplock plastic bags. Then,
the crickets were put into a deep freezer for five minutes to make them inactive. Next, the
crickets were washed using tap water to remove any feed material or cricket droppings
that could have escaped with the harvested crickets into the Ziplock bags. The cleaned
crickets were then killed by placing them in a deep freezer at —20 °C [39]. The dead crickets
were then removed from the deep freezer and allowed to thaw at room temperature. After
thawing, the crickets were introduced in separate compartments of a convection oven
(Memmert, Germany) set at 40 °C for 12 h to dry. The dried cricket samples were ground
into a fine powder using a blender (MIKA MBLR2999WB, manufactured by SINSEEN, Cixi,
China). The cricket powders were then stored in separate airtight bottles in the dark at
—20 °C before being used for proximate, mineral element, and fatty acid analyses.

2.8. Proximate Content of Developed Diets, Chicken Feed and Gryllodes sigillatus Cricket Powders

Powders of G. sigillatus fed on developed diets and chicken feed were analyzed
for proximate components following the Association of Official Analytical Chemists
(AOAC) [40] methods, as explained by [41]. The dry matter (DM) content of the samples
was determined by drying the sample in a 105 °C oven for 3 h (Method No. 930.15) [42]. The
Kjeldahl method was used to analyze the protein content in the developed diets, chicken
feed and cricket samples fed on the developed diets. A nitrogen-to-protein conversion
factor of 6.25 was used to determine the crude protein for the developed diets and chicken
feed [43]. On the other hand, a nitrogen-to-protein conversion factor of 5.09 was used to
approximate the crude protein in G. sigillatus reared on different diets and chicken feed
according to [44]. The nitrogen conversion factor 5.09 was chosen to prevent overestimating
crude protein concentration with the Kjeldahl method [45]. The crude fat content was
evaluated following the Soxhlet method (Method No. 2003.05) [40]. The amount of ash was
obtained by burning cricket and diet samples at 550 °C in a mulffle furnace until a constant
weight was attained following Method No. 930.05 [42]. The quantity of crude fiber was
determined by acid digestion followed by alkaline digestion as per the Weende Method
(962.09). Carbohydrates in the samples were obtained by subtracting the mass g/kg DM of
crude protein, total fat, crude fiber, water and ash from 1000 g/kg DM of samples according
to [46]. Gross energy in crickets and diets was assessed using an adiabatic calorimetric
bomb (Parr 1261; PARR Instrument, Moline, IL, USA) [2]. The analyses were performed in
triplicates (n = 3) at the Nutrition Laboratory of International Livestock Research Institute,
Nairobi, Kenya.

2.9. Mineral Element Analysis

The contents of iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), sodium (Na),
magnesium (Mg), calcium (Ca), phosphorus (P) and potassium (K) in the developed diets,
chicken feed and tropical house cricket powders were analyzed using an atomic absorption
spectrometer (Optima 4300™ DV ICP-OES, Perkin Elmer, Wellesley, MA, USA) following
the standard method detailed by [47]. The analyses were performed at the International
Livestock Research Institute, Nairobi, Kenya. Briefly, about 8 mL of concentrated nitric
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acid (16.2 mol/L) (VWR Chemicals, Fontenaysous-Bois, France) and 2 mL of 9.8 mol/L
hydrogen peroxide (Sigma-Aldrich, St. Louis, MO, USA) were introduced into 0.5 g of
each sample in a round-bottom flask and allowed to digest overnight in a fume chamber.
After overnight digestion, the digested samples were further digested in a block digester
(Model TE007-A, TECNAL, Sao Paulo, SP, Brazil) at 75 °C for 30 min, 120 °C for 20 min,
180 °C for 20 min, and 200 °C for 10 min. The formed wet ashes were allowed to cool in
a fume hood. The cooled ashes were then dissolved in 0.4 mol/L nitric acid and diluted
ten times to the right concentrations depending on the mineral element and the expected
calibration curve. Standard solutions from certified stock solutions (Chem Lab, Zedelgem,
Belgium) were diluted to give calibration standards of 400, 800, 2000, and 4000 g/L for
each mineral element. The values of various mineral elements and the standard solutions
were determined from an inductively coupled plasma—optical emission spectrometer (ICP-
OES) (Optima 4300™ DV ICP-OES, Perkin Elmer, Wellesley, MA, USA). To set the external
standards and record the data, Perkin Elmer Winlab 32 software (Perkin Elmer, USA) was
employed [48]. The analyses were performed in triplicate.

2.10. Fatty Acid Profile

The fatty acids of the samples of tropical house crickets reared on different diets were
extracted and analyzed according to the slightly modified protocol previously described
by [49]. In summary, about 0.5 g of fat extracted from tropical house cricket samples was
saponified with 100 puL dichloromethane and one milliliter of aqueous methanolic NaOH by
refluxing for 10 min at 90 °C. Then, one milliliter of boron trifluoride-methanol (14%) was
introduced into the solution and boiled in a water bath for 10 min. Next, 600 uL. n-hexane
was added to a saturated salt mixture to extract fatty acid methyl esters. Then, the upper
layer was separated, and one microliter of the layer was injected into a Varian CP-3800 Gas
Chromatograph (Varian, Walnut Creek, CA, USA) connected to a flame ionization detector
(FID) chromatographed with hydrogen gas at a flow rate of 29 milliliters per minute, with
a split ratio of 1 to 20. A CP-SIL capillary tube measuring 100 m x 0.25 mm, 0.2 pm (Varian
Inc.), was used to separate the fatty acid methyl esters. The injector and detector were
held at 300 °C and 280 °C, respectively. Nitrogen was the carrier gas during analysis. The
temperature of the oven column was programmed at 70 °C and held for one minute before
being increased at 5 °C/minute to 250 °C and held for 20 min. The methyl ester peaks were
identified by their retention times and by comparing them with fatty acid methyl ester
standards from Sigma-Aldrich, which were analyzed under the same conditions [50]. The
fatty acid methyl esters were run in triplicate (n = 3).

2.11. Statistical Analysis

Statistical analyses were conducted using R version 4.4.2 [51]. A one-way analysis of
variance (ANOVA) was used to evaluate differences in development time, survival rate,
body weight, body length, feed conversion ratio, yield, proximate composition, mineral
content, and fatty acid profiles. The Student-Newman-Keuls (SNK) test was employed as
a post hoc procedure to identify significant differences between groups. Before performing
ANOVA, assumptions of normality and homogeneity of variance were assessed using the
Shapiro-Wilk test (p > 0.05) and Levene’s test (p > 0.05), respectively. Statistical significance
was set at p < 0.05. The correlation between the chemical and mineral contents of the
developed diets and chicken feed (control) on the cricket growth parameters was analyzed
using principal component analysis (multivariate).
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3. Results
3.1. Diet Composition

The contents of dry matter (DM), crude protein, crude fat, ash, crude fiber, carbo-
hydrate, gross energy, iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), sodium (Na),
magnesium (Mg), calcium (Ca), phosphorus (P), and potassium (K) in the diets were
recorded and are presented in Tables 2 and 3. The DM across the diets ranged from 884.0 to
921.0 g/kg DM. The highest dry matter was recorded in the Mixed Weed—Bran Diet (Opti-
mal) and the lowest in Desmodium—Bran Diet (Table 2). The crude protein concentration
of the diets varied from 135 to 250 g/kg DM. The highest protein content was recorded in
Cassava-Sugar Diet followed by Desmodium-Bran Diet, with the lowest in Maize—Cassava
Diet (Table 2). The WBP diet was high in carbohydrates, while the carbohydrate content
in SWMC was the lowest in g/kg DM. Fat was low in Maize-Cassava Diet and highest in
Morning Glory-Bean Diet. Mixed Weed-Bran Diet (Optimal) had higher ash content, Fe,
Zn, Mn and Na than other diets (Tables 2 and 3). WBP had the lowest ash value (Table 2).
Desmodium-Bran Diet had the largest quantity of fiber (227 g/kg DM), while the smallest
amount was recorded in Morning Glory—Cowpea Diet (62 g/kg DM). A higher ash content
was recorded from Mixed Weed—Bran Diet (Optimal) (118 g/kg DM) than other feeds.
Mixed Weed—Bran Diet (Optimal) had the highest iron (881.4 mg/kg), zinc (64.2 mg/kg),
manganese (79.3 mg/kg), and sodium (2399.9 mg/kg). Maize—Cassava Diet had the least
amount of iron (38.4 mg/kg), copper (3.5 mg/kg), zinc (18.9 mg/kg), sodium (19.3 mg/kg),
and macro-minerals and lower micro-mineral concentrations (Table 3). This data indicates
that the nutritional composition of the diets varied significantly, with Mixed Weed—Brian
Diet (Optimal) consistently showing the highest levels of essential nutrients, including
crude protein, ash, and key minerals such as iron, zinc, manganese, and sodium, while
Maize—Cassava Diet exhibited the lowest concentrations of these nutrients.

Table 2. Chemical composition of experimental diets and a control diet.

kg DM
Diet DM ghe Gr(‘l’(ss ]f/';er)gy
Moisture Protein Fat Ash Fiber Carbohydrate calikg
Ck}gﬁrt‘rg’fd 90670 £ 120 93304120 21500 +568 2930-+058 6500+214 6620+028 531204710 3248.70 + 16.30
Cassa];?‘;sugar 905.00 +£ 0.95 95.00 4 0.95 250.00 +1.78 34.00+0.82 53.00+1.40 100.00+1.03 468.00+4.80 3178.00 + 14.82
De;;;‘f‘;i‘;“‘ 871.00 + 0.36 129.00 & 0.36 245.00 +11.00 38.00 £ 091 84.00 4+ 0.74 74.00 +1.65 430.00 &= 1074  3042.00 + 7.50
Morning
. 92800+396 72004396 240.00+006 71.00+470 101.00+£270 88.00 +1.43 428.00 +9.58  3311.00 + 12.07
Glory-Bean Diet
Morning
Glory-Cassava 88400 £1.00 11600+ 1.0 2350041026 21.00+0.80 101.00 +0.80 106.00 =297 421.00 +12.81 2813.00 + 13.80
diet
Morning
Glory—Cowpea 905.00 +3.04 9500 +3.04 2250041051 19.00+026 64004071 62004044 5350041355 3211.00 + 10.73
Diet
Mixed
Weed-Bran Diet 921.00 £1.99 79.00 £1.99 215.00 £4.97 63.00+270 118.00+0.79 12500+ 1.40 400.00 +4.43  3028.00 + 20.77
(Optimal)
Ca;zg;%‘ilelfnt 912,00 + 040 88.00 + 0.40 200.00 + 10.06 53.00 =036 113.00 +1.05 128.00 = 4.00 418.00 +11.99  2949.00 -+ 14.60
Wheat-Bran Diet 901.00 +2.44 99.00 +£2.14 14504919 34.000 + 055 43.00+0.75 99.804+3.69 569.00 +53.32 3162.00 «+ 22.68
Maize-Cassava  go0 ) 4 404 12000 £ 404 13504253 1304033 5200+ 047 11400+ 471 566.00 £9.48  2021.00 + 35.03

Diet

The results are expressed as means + SD based on triplicate determinations of dry matter and other proximate
components.
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Table 3. Micro- and macro-mineral values in control diet and experimental diets.
mg/kg DM g/kg DM
Diet
Fe Cu Zn Mn Na Mg Ca P K

Chicken Feed 228.10 4+ 10.74

16.20 £ 0.47 67.00 £1.18 63.90 +5.81 1065.40 £38.75 2.00+0.01 500+0.01 2.00+£0.01 13.00+0.01

Cassava—

Sugar Diet 61.10 = 2.64

530+0.01 4950+0.66 7390+048 100.00+246 0.10+0.01 010+£0.01 0.204+0.01 13.00 £ 0.02

Desmodium—
Bran Diet 171.10 £+ 0.60

6.80 £0.63 37.10+2.76 3590 £4.94 1939.30+2436 2.00+£0.01 9.00+£0.02 2.00+£0.01 12.00=£0.01

Morning
Glory-Bean 327.20 +4.35
Diet

18.00 £ 0.74 62.50 £1.20 52.80 +3.67 1935.00 £1595 3.00£0.01 9.00+£0.01 2.00+£0.01 17.00+£ 0.02

Morning
Glory— 288.20 + 64.85
Cassava Diet

730 £0.09 45.00£1.53 57.60£0.79 2033.40+34.85 2.00+0.01 7.00+0.01 3.00+0.01 13.004+0.01

Morning
Glory- 212.50 £+ 1.96
Cowpea Diet

19.70 £ 0.05 28.80 +£0.78 10.20 £0.17 1040.80 £1.31 2.00+0.01 10.0+£0.02 2.00+0.01 12.00 £ 0.02

Mixed
Weed-Bran 881.40 4 19.10
Diet

970+ 137 64.20£1.03 79.30£0.59 2399.90 £5898 3.00+£0.01 11.00+0.01 2.00+£0.01 16.00=£ 0.02

Cassava—
Gallant Soldier 172.60 + 12.26
Diet

8.60 £0.65 35.80 £0.61 52.8042.59 1935.00 £123.85 2.00+£0.01 6.00+£0.01 2.00+£0.01 10.00=£0.01

Wheat-Bran

Diet 46.20 £4.35

537+£0.02 5790£196 83.60+ 054  21.30£0.15 3.00+£0.01 1.00+£0.01 3.00£0.01 12.00+0.01

Maize—

Cassava Diet 3840 +19.15

3.50+0.09 18.90 £0.98 85.20 £ 0.35 19.30 £ 0.15 3.00+0.01 1.00+£0.01 0.204+0.01 15.00 4 0.02

The results are expressed as means + SD based on triplicate determinations of dry matter and other proximate
components.

3.2. Impact of Tested Diets and Chicken Feed on the Development Time of Gryllodes sigillatus

Gryllodes sigillatus development time is a valuable parameter for measuring the in-
fluence of diet on farmed crickets. Development time of the nymphs was measured from
hatching to eclosion of adult crickets. In this case, the developmental time of G. sigillatus
fed different developed diets and chicken feed varied significantly (Fg g9 = 42.52, p < 0.001)
(Figure 1). Crickets fed Mixed Weed-Bran Diet (Optimal) reached adulthood in
48.8 &+ 0.2 days, with development time measured as the number of days from hatch-
ing to the appearance of fully developed wings and adult morphology. The mean and
standard error (+SE) were calculated from the recorded development times of 30 indi-
viduals per rearing box, monitored daily in controlled conditions (30 = 1 °C, 70 & 5%
RH). Each individual was checked for molting and maturation indicators, and the stan-
dard error reflects variability across the population. On the other hand, crickets reared on
chicken feed (control) reached adult stage on 49.5 & 0.3 days. Crickets fed Cassava—Bran
Diet and Maize—Cassava Diet had the longest developmental period at 55.8 + 0.2 and
55.8 £ 0.1 days, respectively. This data indicated that Mixed Weed—Bran Diet (Optimal)
resulted in the shortest developmental time, highlighting its potential for enhancing the
growth rate of G. sigillatus.

3.3. Impact of Developed Diets and Chicken Feed on Survivorship of Gryllodes sigillatus

The effect of feed on the survival rate of G. sigillatus fed different diets is presented
in Figure 2. Survival rate was calculated as the percentage of individuals that reached
adulthood from the initial number of hatched nymphs, under controlled rearing condi-
tions. The developed diets and chicken feed significantly influenced the survival rate
of G. sigillatus (Fg g9 = 48.31, p < 0.001). Crickets fed Mixed Weed-Bran Diet (Optimal)
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recorded the highest survival rate (88.1%) compared to chicken feed (85.7%) and other
developed diets. G. sigillatus grown on Cassava—-Sugar Diet had the lowest survivorship
(37%), demonstrating its poor suitability for promoting the survival of G. sigillatus.
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Figure 1. Mean (+SE) developmental time (days) of Gryllodes sigillatus (n = 10). Different superscripts
per bar indicate significant differences, Student-Newman-Keuls test (p < 0.05).
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Figure 2. Mean (+SE) survival rate of Gryllodes sigillatus (n = 300) reared on different diets. Different
superscripts per bar indicate significant differences, Student-Newman-Keuls test (p < 0.05).

3.4. Impact of Developed Diets and Chicken Feed on Wet Body Weight and Body Size of
Gryllodes sigillatus

Diets determine the yield output of farmed edible crickets by influencing cricket body
weight and length. The body weight and size of the crickets grown on the developed diets
and chicken feed are presented in Figure 3A,B. The body weight and size of the crickets on
the last sampling day were significantly impacted by the ingredients of the developed diets
and chicken feed (Fg 999 = 328.00, p < 0.001; Fg 999 = 94.49, p < 0.001, respectively). The highest
average body weight (0.44 g) and body size (19.16 mm) were recorded in G. sigillatus crickets
fed Mixed Weed-Bran Diet (Optimal) compared to crickets reared on chicken feed (0.43 g
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body weight and 18.95 mm body size), while those fed feed D2 had the lowest mean body
mass (0.07 g) and body size (9.81 mm) (Figure 3A,B), indicating the superior effectiveness of
Mixed Weed-Bran Diet (Optimal) in enhancing the yield of G. sigillatus.
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Figure 3. (A) Mean + SE body weight and (B) mean + SE body size of Gryllodes sigillatus (n = 100)

reared on different diets.

3.5. Impact of Developed Diets and Chicken Diet on Feed Conversion Ratio and Yield of G.
sigillatus on a Simulated Small-Scale Farm

The FCR and yield of the G. sigillatus reared on the developed diets and chicken feed
are presented in Figure 4A,B. The FCR and yield of the G. sigillatus on the last sampling
date were significantly influenced by the composition of the developed diets and chicken
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feed (Fg 99 = 98.98, p < 0.001; F5 45 = 69,829.00, p < 0.001, respectively). The lowest FCR (1.63)
was recorded for crickets fed the Mixed Weed—Bran Diet (Optimal) compared to chicken
feed (control) (1.64) and other developed diets. The highest FCR (3.48) was recorded in
G. sigillatus crickets fed Cassava—-Sugar Diet and Maize-Cassava Diet (Figure 4A). On the
other hand, the highest yield (0.97 Kg) was observed in crickets fed Mixed Weed-Bran
Diet (Optimal), while the crickets fed chicken feed (control) had a yield of 0.92 Kg. The
lowest yield was found among crickets reared on Cassava-Sugar Diet (Figure 4B). This
data indicated that Mixed Weed-Bran Diet (Optimal) resulted in the most efficient feed
conversion ratio and highest yield, demonstrating its potential for optimizing G. sigillatus
production in small-scale farm settings.

3.6. Multivariate Analysis of Effect of Tested Diets and Chicken Feed Nutrition Content on Growth
Performance Traits of Gryllodes sigillatus

As shown in Figure 5, the Mixed Weed-Bran (Optimal) Diet demonstrated the most
favorable outcomes across all growth and nutritional parameters. This diet, containing
21.5% protein and high mineral content (ash), was distinctly separated from other diets in
the multidimensional scaling (MDS) plot and was positively associated with high survival
rate, yield, body weight, and feed conversion efficiency. Correlation analysis revealed that
survival and performance were positively influenced by dietary protein, fat, ash, and gross
energy and mineral elements, whereas higher dietary moisture content was negatively
correlated with these traits, indicating that excessive moisture may dilute nutrient density.
The Cassava-Gallant Soldier Diet and Morning Glory—Cassava Diet also showed moderate
performance. In contrast, diets such as Maize-Sugar Diet, Morning Glory—Cowpea Diet,
and chicken feed were clustered in the lower-performing region of the MDS plot and were
associated with longer developmental times, higher FCR, and reduced yield and survival.
These findings highlight the importance of nutrient-rich, well-balanced diets, particularly
those high in protein and minerals, with controlled moisture levels for optimizing insect
growth and development.

4 -

Feed Conversion ratio + SE

Figure 4. Cont.
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Diets

Figure 4. (A) Mean FCR (£SE) (n = 10) and (B) mean yield (£SE) of Gryllodes sigillatus (n = 5) reared
on different diets. Different superscripts per bar indicate significant differences as calculated using
the Student-Newman—Keuls test (p < 0.05).
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Figure 5. Multivariate analysis of diet effects on Gryllodes sigillatus growth performance. (A) Mul-
tidimensional scaling (MDS) plot showing the clustering of different diets based on their impact
on key growth and nutritional traits. The Mixed Weed-Bran Diet (Optimal) is distinctly separated,
indicating superior performance across multiple parameters. (B) Correlation matrix illustrating
relationships among biological and nutritional traits. Blue ellipses indicate positive correlations;
red ellipses represent negative correlations. Strong positive associations were observed between
survival, yield, protein, ash, fat, and gross energy, while dietary moisture and developmental time
were negatively correlated with performance outcomes.
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3.7. Proximate Composition

The contents of dry matter, crude protein, crude fat, ash, crude fiber, carbohydrate,
and gross energy in the tropical house crickets fed on different diets are presented in
Table 4. The diets offered to the crickets significantly impacted their proximate content
(Table 4). The highest DM was recorded in adult G. sigillatus fed Mixed Weed-Bran Diet
(Optimal), with the lowest in crickets fed Cassava—-Sugar Diet. Adult cricket crude protein
varied from 51.2 to 64.4 g/100 g DM and significantly differed among the crickets fed
on developed diets and chicken feed. The G. sigillatus reared on Mixed Weed—Bran Diet
(Optimal) had a similar protein content to those fed Morning Glory-Cassava Diet, with
quantity being 64.4 g/100 g DM, respectively, and their protein value was higher than those
reared on other developed diets (Table 4). The crude fat concentration varied between 7.4
and 19.1 g/100 g DM, reflecting significant variations among the diet treatments used to
grow the crickets, with the highest fat and ash content found in G. sigillatus reared with D10.
The lowest fat and ash were recorded in crickets fed Cassava-Sugar Diet and Wheat-Bran
Diet, respectively. Meanwhile, adults of G. sigillatus fed the Cassava-Sugar Diet showed
the highest amount of fiber, with figures of 10.3 g/100 g DM, whereas those fed Mixed
Weed-Bran Diet (Optimal) exhibited the lowest amount of fiber (3.4 g/100 g DM). Crickets
grown on Morning Glory—-Cowpea Diet had the highest carbohydrate content (14.9 g/100 g
DM) while those reared on Maize—Cassava Diet had the lowest. The gross energy of the
crickets fed on different diets ranged from 3388.0 to 4242.0 kcal/kg DM. The highest gross
energy was observed in crickets fed Mixed Weed-Bran Diet (Optimal), and the lowest was
recorded from crickets fed Cassava—Sugar Diet (Table 4), indicating the superior nutritional
profile of crickets reared on Mixed Weed-Bran Diet (Optimal) compared to other diets.

Table 4. Proximate values (g/100 g DM) and gross energy (kcal/kg) in Gryllodes sigillatus crickets fed
on different developed diets and chicken feed.

G. sigillatus . . Gross Energy
Reared On DM Fat Protein Crude Fiber Ash Carbohydrates (keal/kg)
C}Egl;reft‘rgle)ed 96.29 +0.022  12.83 £0.0929 61.08£035> 618400839  663+0.025¢ 957404175  3981.03 £ 6.11P
Cassava-Sugar Diet 92.41 +0.16 ¢ 744+056° 6279+ 0562 1034 +£0.14%  6924+0.084P 492+ 04539  3388.00 + 22.614
DesmOlei‘;It’"Bra“ 9597 + 0292 1665+ 085 5938 +035< 55340289 679 +0.100¢  7.63 + 0902  4164.93 + 63.89 2
Morning b be be d e be a
Glory-Bean Diet ~ 95:614027° 15324101 60.89 + 1.61 572+ 1.74 5.20 + 0.034 8.49 + 2.767 4154.13 4+ 94.07
Morning o d a b d of ¢
Glory-Cowpea Diet 9451+ 058 13.14 + 0.41 64.39 + 2.10 8.07 & 0.41 6.04 + 0.032 2.86 + 1.952 3872.70 + 41.96
Morning 5.02 +0.17°¢ be f od f 149141833 416756 + 119.97 2
Glory-Cowpea Diet 95.02 + 0.1 16.17 £ 2.29 5290 +059f  6.37+0.19 4.67 & 0.205 : ) 4167.56 & 119.
Mg;‘f (‘g;‘ifr;gf;‘“ 9641 +0.12° 125240799 6444+1612  336+£025°¢  5144+0098° 1094+ 0792 4241.97 + 41612
Casszi‘gl’;‘r%ﬂimt 96.024+0.16% 1666+ 048 5830+ 0489 7724006% 624400789  7.09+ 0189 411543 £ 27472
Wheat-Bran Diet  94.76 + 0.35°4 1771 +£1.172> 5617 £0.14¢ 6.94 +0.80>d 443 £0.1158 9.50 + 1.882bc  4220.67 + 54.08 2
Maize-Cassava Diet 94.25 4+ 0.129  19.06 £ 0432 5152 +£0.12f 659 +024¢4 1541 £0.2512 159 +0261f  3839.93 +£32.44°¢
Fo20 62.38 32.48 51.24 2443 1956.00 22.77 56.61
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

The results are expressed as means + SD based on triplicate determinations of dry matter and other proximate
components. Different superscripts in a column indicate significant differences as calculated using the Student-
Newman-Keuls test (p < 0.05).
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3.8. Mineral Elements in Gryllodes sigillatus Fed on Different Developed Diets and Chicken Feed

The values of Fe, Cu, Zn, Mn, Na, Mg, Ca, P, and K in the tropical house crickets fed
different diets are recorded in Appendix A Table A1l. The diets used to rear the crickets
affected their elemental contents significantly (Table A1). Cricket Fe varied from 10.5 to
23.9 /100 g DM depending on their diets. The crickets reared on Mixed Weed—Bran Diet
(Optimal) had the highest Fe content (23.9 g /100 g DM) compared to crickets reared on other
diets (Table Al). The lowest Fe was in crickets fed Desmodium-Bran Diet (10.5 g/100 g
DM). The Mg content ranged between 95.1 and 172.1 g/100 g DM, showing significant
differences among the treatments, with the highest Mg content found in crickets supplied
with Cassava-Sugar Diet and the lowest in crickets fed with Maize-Cassava Diet. On the
other hand, the crickets provided Mixed Weed-Bran Diet (Optimal) showed the highest
amount of Ca, with a value of 839.1 g/100 g DM, while those fed with WBP had the
lowest amount of Ca (183.6 g/100 g DM). The Cu in the cricket samples ranged from 0.21
to 4.5 g/100 g DM. Crickets grown on Cassava—Sugar Diet had more Cu than crickets
reared on other diets and the control diet. The least Cu was detected in crickets reared on
chicken feed (control). Phosphorus in the crickets ranged from 724.7 and 1495.7 g /100 g
DM. Crickets raised on Mixed Weed-Bran Diet (Optimal) had a higher level of P, while
lower P was recorded in crickets subjected to diet Maize—Cassava Diet. In the case of
Zn, crickets provisioned with Mixed Weed—Bran Diet (Optimal) had the largest quantity
(34.4 g/100 g DM), whereas those fed with Desmodium-Bran Diet had the least amount of
Zn (19.4 g/100 g DM). The Mixed Weed-Bran Diet (Optimal) resulted in cricket samples
with the highest K concentration (1607.4 g/100 g DM). The lowest K was observed in
crickets given Maize-Cassava Diet as feed. The lowest Mn (4.9 g/100 g DM) was recorded
in crickets cultivated using Desmodium—Bran Diet, while the highest Mn was noted in
crickets provided with Cassava-Sugar Diet. The content of Na in reared crickets varied
between 114.9 and 370.5 g/100 g DM. The highest Na level was recorded in crickets fed
Mixed Weed-Bran Diet (Optimal) and the lowest was found in crickets fed Wheat-Bran
Diet. This data indicated that Mixed Weed-Bran Diet (Optimal) resulted in crickets with
the highest concentrations of several key minerals, including iron, calcium, phosphorus,
zinc, and potassium, demonstrating the superior value of this diet to produce G. sigillatus
of high mineral profile compared to the other diets tested.

3.9. Fatty Acid Content in Gryllodes sigillatus Crickets Reared on Different Developed Diets and a
Control Diet

The fatty acid values of G. sigillatus raised on various developed diets and a control
diet are presented in Table A2. Diets offered to the experimental G. sigillatus crickets
significantly influenced the fatty acids of the respective crickets. Gryllodes sigillatus fed
experimental diets had oleic acid levels ranging from 6.0 to 60.3% of total fats, with oleic
acid being the major fatty acid in crickets fed both developed diets and the control. Oleic
fatty acids were then followed by linoleic acid (9.23 to 30.1%), palmitic acid (0.5 to 37.1%),
stearic acid (8.9 t018.5%), myristic acid (1.2 to 4.0%), arachidic acid (1.1 to 3.5%), margaric
acid (0.7 to 2.1%), alpha-linolenic acid (0.8-1.5%), behenic acid (0.3 to 1.5%), lauric acid
(0.1 to 0.9%), pentadecanoic acid (0.2 to 0.7%), and lignoceric acid (0.35%). Crickets fed
Morning Glory—Cowpea Diet had the highest palmitic acid, stearic acid, myristic acid,
margaric acid, and pentadecanoic acid concentrations compared to crickets reared on other
developed diets and the control. Crickets exposed to Morning Glory—Bean Diet led to
samples with the highest oleic acid, arachidic acid, behenic acid, and lauric acid compared
to those fed the rest of the developed diets and the control. The highest linoleic acid,
alpha-linolenic acid and lignoceric acid were recorded in crickets fed Cassava—Gallant
Soldier Diet, while the crickets fed Maize-Cassava Diet had more margaric acid than those
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fed other diets. Cassava—Gallant Soldier Diet led to crickets with the highest essential fatty
acids (EFAs) compared with the other diets. Crickets reared on Cassava—Gallant Soldier
Diet had the highest ratio of polyunsaturated fatty acids (PUFAs) to saturated fatty acids,
while the lowest PUFA ratio was recorded in crickets fed Maize—Cassava Diet. Crickets
reared on chicken feed (control), Cassava-Sugar Diet, Desmodium—Bran Diet, Morning
Glory—Bean Diet, Morning Glory—Cassava Diet, Mixed Weed—Bran Diet (Optimal), Cassava—
Gallant Soldier Diet, and Wheat-Bran Diet resulted in crickets with higher quantities of
unsaturated fatty acids. Lower amounts of unsaturated fatty acids were recorded in crickets
offered Morning Glory—Cowpea Diet and Maize-Cassava Diet. This data indicated that
diet Mixed Weed-Bran Diet (Optimal) resulted in crickets with the highest concentrations
of polyunsaturated fatty acids (PUFAs) relative to saturated fatty acids, highlighting its
potential to produce G. sigillatus with a more favorable fatty acid profile compared to other
diets tested.

4. Discussion

Madagascar, renowned for its rich biodiversity, provides an abundant supply of weeds
and agricultural by-products. These materials have traditionally been used as livestock
feed, yet their potential as sustainable dietary inputs for tropical house crickets (G. sigillatus)
remains largely untapped. This study aimed to evaluate the effectiveness of these low-
cost resources in supporting cricket growth and nutritional value, with a broader goal of
contributing to sustainable agricultural practices and circular farming systems.

Our findings demonstrate that G. sigillatus can thrive on diets formulated from locally
available weeds and agro by-products. Notably, the Mixed Weed—Bran Diet (Optimal)
and Morning Glory—-Cassava Diet supported superior growth, survivorship, and nutrient
accumulation. These diets significantly influenced cricket composition, especially dry
matter, protein, fat, ash, and fiber content, confirming the critical role of diet in cricket
development, as also noted in previous studies [8,14,52,53].

Crickets efficiently converted these diets into valuable biomass, reinforcing the fea-
sibility of using regional plant-based resources in sustainable insect farming. Among all
tested diets, the Mixed Weed—Bran Diet emerged as the most effective, enhancing growth
rate, survival, body size, and nutritional composition. Its balanced nutrient profile—rich in
protein, fats, carbohydrates, ash, gross energy, and essential minerals—likely accounts for
its performance, as indicated by PCA analysis [36,54].

Protein is essential for insect tissue synthesis, molting, and hormone regulation. Diets
with well-balanced amino acid profiles, particularly methionine and lysine, have been
shown to accelerate growth and improve survival in related species such as A. domesticus,
G. bimaculatus, and G. madagascarensis [36,39,54,55]. Carbohydrates serve as primary energy
sources, and the protein-to-carbohydrate (P:C) ratio is a major determinant of growth
efficiency. For instance, G. bimaculatus performs best at a P:C ratio near 1:2 [56]. Mineral
elements also play indispensable roles: calcium and phosphorus strengthen the exoskeleton,
while magnesium and potassium support nerve function and enzymatic activity. Trace
minerals like zinc, sodium, and manganese are crucial for immune response and oxidative
stress management [57].

Crickets exhibit nutrient-balancing behavior, adjusting their intake to meet species-
specific needs [58]. Therefore, feed formulation should consider both nutrient availability
and the species” nutritional ecology. In our study, optimal growth was observed with a
balanced intake of protein (~215 g/kg DM), carbohydrates (~400 g/kg DM), and minerals.
Crickets fed on the Mixed Weed—-Bran Diet, with moderate protein, substantial carbohy-
drates, and high mineral content (e.g., Fe: 881.4 mg/kg DM; Zn: 64.2 mg/kg DM; Na:
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2399.9 mg/kg DM), showed the shortest development time and greatest biomass gain,
aligning with previous findings [59-63].

Conversely, diets with extreme levels of protein (>250 or <145 g/kg DM) or carbohy-
drates (>535 or <277 g/kg DM) delayed development and reduced growth efficiency. For
example, the Cassava-Sugar Diet, with its high protein content (250 g/kg DM), resulted
in significantly lower survival, indicating potential toxicity or metabolic inefficiency—
consistent with earlier studies [12,56].

Survivorship was highest on the Mixed Weed—Bran Diet (88.1%), followed closely by
the chicken feed control (85.7%), reinforcing the importance of balanced nutrition. These
outcomes align with prior work indicating that protein- and mineral-rich diets improve
survival and growth in A. domesticus and G. madagascarensis [25,36,58—60]. Furthermore,
crickets on the Mixed Weed—-Bran Diet exhibited improved feed conversion ratios (FCRs),
yielding larger body sizes and higher biomass, consistent with previous research [8,25,31].

Crude protein and fat contents of the crickets ranged from 51.5 to 64.4 g/100 g DM
and 7.4 to 19.1 g/100 g DM, respectively. The highest values were observed in crickets
fed the Mixed Weed—Bran and Morning Glory—Cassava Diets—comparable to commercial
feed-fed crickets [29]. Diets high in carbohydrates (e.g., Wheat-Bran and Maize-Cassava)
led to higher fat accumulation, suggesting conversion of excess carbohydrates into lipids, a
trend supported by other studies [58-63].

Mineral composition also varied across diets. Crickets fed the Mixed Weed—Bran
Diet had the highest concentrations of Fe, Zn, Na, and Ca, while those on the Maize-
Cassava Diet had the lowest. These findings are critical not only for insect health but
also for human nutrition, as crickets can supply essential minerals such as iron, zinc,
magnesium, and calcium—all vital for functions like hemoglobin formation, bone health,
and nerve signaling [63,64]. The mineral content of the crickets in this study met or exceeded
recommended daily intake values for humans, supporting their use as a nutritious food
source [11,65-70].

Fatty acid composition was also diet-dependent. Crickets fed the Morning Glory—Bean
Diet showed the highest levels of beneficial unsaturated fatty acids (oleic, linoleic, palmitic),
known for supporting cardiovascular and neurological health [71-75]. In contrast, the
Morning Glory-Cowpea Diet produced the highest saturated fatty acid levels. Importantly,
the PUFA /SFA ratios in these diets remained within recommended limits, reinforcing
crickets’ potential as a health-promoting food [76,77].

Overall, this study demonstrates that diets made from weeds and agricultural by-
products can sustainably support the growth and nutritional quality of G. sigillatus. These
diets offer a low-risk, cost-effective alternative to human food waste, with fewer safety
and regulatory challenges. Agricultural by-products and weeds are generally plant-based,
easier to trace, and present minimal contamination risks when properly sourced [12,13,61].

These findings align well with circular economy principles by promoting the val-
orization of underutilized biomass, especially in resource-rich regions like Madagascar.
Given their low cost, availability, and regulatory advantages, such diets are well-suited for
scaling up cricket farming. With appropriate documentation, they can potentially meet
international food safety standards.

The Mixed Weed-Bran Diet (Optimal) is particularly practical for small-scale farmers
in Madagascar, as the ingredients are readily accessible from farms and markets. Farmers
are encouraged to harvest and preserve surplus materials during peak seasons for year-
round use. Further research should focus on refining diet formulations to optimize growth
and nutritional output, particularly examining mineral bioavailability and their effects on
human health.
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5. Conclusions

This study demonstrates that diets developed from weeds and agro by-products can
be effectively used as feed for tropical house crickets, providing a sustainable solution for
managing agro-waste while supporting a growing food industry. Among the various diets
tested, the Mixed Weed-Bran Diet (Optimal) and the Morning Glory—Cassava Diet were the
most optimal for cricket growth, yielding nutrient-dense crickets with promising protein,
mineral element and essential fatty acid levels. These findings highlight the potential of
farmed crickets as an alternative source of protein, mineral elements and essential fatty
acids for human consumption, which could reduce dependence on conventional protein
sources such as beef, chicken, fish, and soymeal. By utilizing agro-waste, tropical house
cricket farming supports circular farming practices, where crickets not only consume weeds
and by-products but also produce frass, a valuable organic fertilizer for plants. We therefore
recommend large-scale trials to assess the efficiency of these diets in commercial cricket
farming, further promoting circular farming and environmental sustainability in food
production.
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Appendix A

Table A1l. Mineral elements in Gryllodes sigillatus crickets reared on different developed diets and chicken feed.

G. sigillatus Reared on

Minerals (mg/100 g DM)

Mg Fe Ca Cu P Zn K Mn Na
Chicken Feed (Control) 126.04 + 4.81f 18.03 £ 0.76 ® 407.35 + 18.98 021 +0.04f 1151.82 + 37.71 be 27.86 +1.57P 1575.41 +52.02 2 483+ 016" 369.89 4 7.67 2
Cassava-Sugar Diet 172.11 + 0962 14.62 +0.31°¢ 369.48 + 18.92 4 447 +0.032 1127.05 + 36.85 bed 2401 +0.34¢ 1282.59 + 9.42 ab 10.01 +0.192 214.93 +28.13°
Desmodium-Bran Diet 142.40 +5.13 4 10.53 & 1.56 ¢ 436.47 +9.06 2.58 4+ 0.05°© 967.70 + 45.04 19.44 +0.72 4 1413.74 + 23.832 486+ 020" 221.02 4 29.47 b
Morning Glory-Bean Diet 144.58 + 7.52 ¢ 12.86 £ 1284 320.15 +20.40°¢ 405+0.11° 1026.38 + 6.11 <de 24.09 +0.48° 1328.03 + 3.05 2 722 +0.314 187.64 + 1.56 b¢
Morning Glory—Cassava Diet ~ 134.57 4 3.37 © 1274+ 0614 534.41 +10.00° 3.55+0.00°¢ 1166.03 + 21.58 23524 0.12°¢ 1580.65 =+ 5.39 @ 5.45 + 0.04 8 187.93 + 8.26 b¢
Morning Glory—-Cowpea Diet ~ 151.17 + 1.16 ¢ 13.49 + 3.45 373.52 + 6.48 4 2.83 4+ 0.034 1004.47 + 10.59 de 23.49 + 0.66 ¢ 1230.80 + 3.20 @ 7.71 +£0.27¢ 210.52 +28.12°
Mixed (VC‘)];‘?I;E{;‘“ Diet 14333 + 1.37 ¢ 23.86 £1.282  839.05 +47.022 449 +£0.172 1495.67 4 159.81 @ 3436 + 1312 1607.36 + 6.09 2 6.82 £0.17¢ 37048 + 4.642
Cassava—Gallant Soldier Diet 164.80 + 2.48° 15.61 + 0.05 b¢ 370.54 + 0.70 4 427 +0.042 1050.08 + 3.20 bede 26.72 +£0.59 b 1207.10 + 5.27 @b 8.85+ 0.02° 194.30 + 26.95 be
Wheat-Bran Diet 14455 +2.714 10.81 +0.12 4 183.59 + 3.118 355+ 0.15¢ 934.73 + 12.46 22.81 +0.37°¢ 1098.59 =+ 14.40 b 6.19 +0.09 f 114.89 + 11.67 4
Maize—Cassava Diet 95.06 +2.118 15.85 +1.22¢ 26653 +10.10f 3.04 +0.304 724.68 + 2527 19.59 4+ 0.20 4 894.23 + 0.05 b 6.62 4+ 0.45¢ 159.68 + 4.79 €
Fo 20 96.50 24.79 257.70 309.8 37.22 93.30 40.70 163.40 59.79
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
The results are expressed as means + SD based on triplicate determinations of dry matter and other proximate components. Different superscripts in a column indicate significant
differences, Student-Newman-Keuls test (p < 0.05).
Table A2. Fatty acid content (%) of oils extracted from Gryllodes sigillatus crickets fed on different developed diets and chicken feed.
Morning Morning Morning Mixed Cassava—
Fatty Acid Chicket Feed  Cassava-Sugar ~ Desmodium- Glory-Bean  Glory—Cassava  Glory-Cowpea Weed-Bran ;. jant Soldier ~ "V1eatBran  Maize-Cassava Foz  p-Value
(Control) Diet Bran Diet . . . Diet L Diet Diet -
Bran Diet Diet Diet (Optimal) Diet
Saturated fatty acids (SFAs)
L'C‘(‘gll;%;ld 0.11 4 0.01 @ 02240.01>  01340.02°9 09040132 0.11 + 0.01 0.25 4 0.02° 01940.01>  007+£001¢4  011£0014  02240.01b¢ 92.86 0.001
Myristic acid c od o d d a c d o b
(C14:00 1.79 £ 0.04 1.49 £ 0.11 1.52 +0.14 1.32 £ 0.09 1.23 £+ 0.07 3.96 + 0.28 1.81 £ 0.15 1.22 +0.02 1.54 + 0.19 2.60 + 0.06 57.37 0.001
Pentadecanoic 19 4 oy e 0.66+£004%  038+004PC  033+£0019 026+ 0.02d 069 +£0072 0394005  034+0019 0344009 046 +0.03P 3707  0.001

acid (C15:0)
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Table A2. Cont.
Morning Morning Morning Mixed Cassava-
Fatty Acid Chicket Feed Cassave—Sugar Desmodl}l m- Glory-Bean  Glory—Cassava  Glory-Cowpea Weed.—Bran Gallant Soldier Whea't —Bran Malze—?assava Fg,20 p-Value
(Control) Diet Bran Diet . . . Diet A Diet Diet g
Bran Diet Diet Diet . Diet
(Optimal)

Palmitic acid ¢ d e e a d f c b

(C160) 26.59 + 0.70 21.16 £ 1.009¢  20.24 + 1.29 0.49 +£0.138  20.34 £ 0.20 37.06 + 1.34 23.86 + 2.74 15.73 + 0.78 27.38 +2.19 32.93 +0.79 166.70 0.001
Ma%alr;fo?ad 0.65 + 0.04 4 179 £017°  097+0209 074+0184  0.66 + 0.06 4 145+015°  086+0.189  079+0019  085+0219  210+0062 3739 0.001

Stearic acid be be d c d a d d c ab

(C18:0) 16.25 + 0.52 15.47 + 1.14 8.90 + 0.28 13.10 &+ 1.97 9.89 + 0.84 18.48 & 1.79 10.73 + 0.92 10.76 + 0.82 13.42 4 1.40 16.66 + 0.91 22.01 0.001
Arachidicacid ;) | gogbed  p1p fgopbede 133403190 35340310 181401954 256+£024b 11140089  114+0309 2334088 2604078 9.09 0.001
(C20:0)

Behenic acid d b d a d b c d d d
(C220) 0.26 + 0.02 0.96 + 0.25 0.54 4+ 0.08 ¢ 1.47 £ 0.20 0.45 + 0.04 © 1.04 + 0.15 0.61 +0.12 0.38 +0.02 ¢ 0.33 +0.08 0.34 +0.08 ¢ 28.36 0.001

a&iﬁr‘(‘g;;}g) nd nd nd nd nd nd nd 0.35 = 0.00 nd nd nd 0.001

Polyunsaturated fatty acid (PUFAs)
Alpha-

linolenic acid ~ 0.82 +0.01°¢ 1.24 +0.08 125+0.14¢ 084+0.10° 1.44 + 0.06 20 1.35 £ 0.052b¢ 1,30 + 0.09 be 1.50 + 0.04 @ 1.02 £ 0.07 4 0.46 +0.01f 57.89 0.001

(C 18:3(n-3))

Linoleic acid e ¢ ¢ e b b b a d f

(C182(n6)) 16.38 +0.10 24.73 +1.58 2511 +£2.85¢  16.96 + 2.07 2901 +£1223 2719 +1.022P¢ 2612 +1.71°  30.11 4+ 0.64 20.55 + 1.36 9.23 +0.21 58.02 0.001

Monounsaturated fatty acids (MUFAs)

(gllgfi &Cf;;) 3495+ 1454 3016 +£2009  39.63+452° 603240132 3480+229bd 597 +039¢  33.02+308°4 3758+248° 3213+230¢ 324040584  96.75 0.001
MUFAs 3495 +1.45bd  3015+2.00¢9 39.63+452° 603240132 34.80 & 2.29 bed 5974+0.39¢  33.02+308°4 3758+248bc 3213+230° 3240+ 0.58 ¢ 96.75 0.001
PUFAs 17.20 + 0.11 ¢ 2597 £1.66¢  2636+£299° 17.814+2.18° 3045+1283 2854+ 1.073%c 27424+1.80b¢ 31.61+0.68* 2157+1439 969+ 022f 58.01 0.001

SFAs 4785 +137°¢ 43884+ 051¢ 3401 +1.69°¢ 21.88+207f 3475+120¢° 6549 + 1372  3956+3199  30.81+1.84¢ 4630+3.72¢ 5791 4+0.76° 124.30 0.001
EFAs 17.20 + 0.11 ¢ 2597 £1.66¢  2636+£299° 17.804+2.18° 3045+1283 2854+ 1.073%c 27424+ 1.80P¢ 316140682 2157+1439  969+022f 58.01 0.001
PUFA /SFA 0.36 0.59 0.78 0.81 0.88 0.44 0.69 1.02 0.47 0.17

The results are expressed as means + SD based on triplicate determinations of dry matter and other proximate components. Different superscripts in a row indicate significant differences,
Student-Newman—Keuls test (p < 0.05).
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