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Simple Summary: Farming edible insects such as field crickets (Gryllus bimaculatus), called the
Mediterranean cricket, is increasingly being adapted for more commercial purposes. Adapting the
mass cricket-rearing conditions for field cricket production, we found crickets had a typical growth
rate and capacity for conversion of ingested feed into body mass. The efficiency of the deposition
of major nutrients (inorganic matter, protein, fat, fiber, and carbohydrate) in the field crickets from
the ingested feed is possible to be measured under mass cricket-rearing conditions. The feed intake
and mortality rate for cricket rearing should be considered for calculating major nutrient conversion
efficiency as increased mortality rate resulted in higher conversion efficiency.

Abstract: Currently, there is an increased interest in mass producing edible insects, e.g., field crickets
(Gryllus bimaculatus), due to their market value and sustainable development. The current study
aimed to measure the production performance of field crickets and to quantify the major nutrient
deposition rate using a new approach for a nutrient conversion efficiency calculation for the field
crickets under mass-rearing conditions. The field crickets were reared under mass-rearing conditions
in the rearing crates and fed with a commercial cricket feed. Measurements for daily feed offered,
final body weight, and dead cricket quantity were carried out during the feeding trial period. There
were three production rounds with the same procedure for farmed cricket management. The samples
of diet, adult crickets, and dead crickets were collected and then analyzed for chemical analysis of
macronutrients. The production performance and nutrient conversion efficiency were calculated and
then compared with applicable earlier reports for both field and house (Acheta domesticus) crickets.
The production performance for the studied field crickets under mass-rearing conditions had final a
body weight, an average daily gain (ADG), a feed conversion ratio (FCR), and a survival rate of 0.95 g,
23.20 mg/day, 2.94 and 88.51%, respectively. The field crickets had nutrient conversion efficiency for
dry matter (DM), ash, crude protein (CP), crude fat (EE), crude fiber (CF), and nitrogen-free extract
(NFE) of 13.26, 8.03, 28.95, 88.94, 34.87, and 1.85, respectively, with an adjusted nutrient conversion
efficiency of 14.85, 8.99, 32.37, 99.17, 38.95, and 2.10, respectively. Thus, the production of field crickets
could be performed under mass-rearing conditions, and the nutrient conversion efficiency for both
adjusted and non-adjusted values could be measured.
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1. Introduction

The global population is expected to reach 9.7 billion by 2050. Alternative food sources
for humans and feed for animals are currently being explored to overcome the planet’s
finite resources with a sense of sustainable production for food security [1]. Consuming
insects (entomophagy) has a long tradition in Southeast Asian countries with relatively
widespread use in the region. This tradition has the potential to be used as mini livestock
by families, as many insect species can be raised sustainably on agricultural side streams
with less of an ecological impact than more typical livestock. On a global level, edible insect
farming has just started, bringing the species toward a long process of domestication [2]. As
of 2020, commercial insect rearing is growing as an industrial sector across North America
and Europe [3], including Southeast Asia [4]. The advantages of insect farming are high
nutritional values, low emissions of greenhouse gases, much less land required, and a
very high efficiency in terms of food-to-feed conversion when compared with traditional
livestock farming [3].

Among the species known to be edible, the insects in the orders Coleoptera, Lepi-
doptera, Hymenoptera, Orthoptera, and Hemiptera, are commonly consumed [5]. Within
the Orthoptera order, crickets are the most consumed insects across the globe [6,7]. Nowa-
days, there are many publications [2,4,5,8-13] related to their nutritive values, properties
for improving health, social benefits, and valuable roles in contributing to the economies of
many countries and livelihoods.

From the informative report of Kemsawasd et al. [4], Thai farmers have gained more
interest in the mass rearing of field (Gryllus bimaculatus) and house (Acheta domesticus)
crickets due to their short production cycle (45-60 days) among edible cricket production
and abundant returns. The key difference between these two species of crickets is that
G. bimaculatus stands out in terms of economic factors (e.g., market value and sustainable
development (SDG 12)), while A. domesticus has a more acceptable taste (e.g., nutty and a
flavor of umami) [4]. However, there were about double lower frequencies of all available
reports when comparing G. bimaculatus with A. domesticus [8]. This would lead to lower
information availability on G. bimaculatus production performance and related points of
view, although more important for the economic impact scale [14]. From the literature re-
view of Kuo and Fisher [8], studies of farmed crickets (Insecta: Orthoptera: Gryllidae spp.)
mostly concern insect species, treatment diets, feed measurements, insect measurements,
and life stage and duration. The literature review also pointed out that the lack of study
standardization is a major problem, such as feed measurements of macro- and micronutri-
ents and cricket measurements, resulting in a difficulty of comparison across studies. In
addition, mass rearing seems to be adaptable for both field and house crickets [15,16]. Many
studies of edible crickets concerning the production performance and nutrient contents
of feed and crickets mainly use small-scale rearing units with a small sub-population of
experimental crickets as a model for cricket rearing. Protein conversion efficiency (PCE)
is a key metric to determine the ecological footprint of grain-based protein [17]. House
cricket production has high PCE compared to the industrial-scale production of conven-
tional livestock, close to the production of carp, egg, and milk, but rather far away from
chicken, pork, and beef [17,18]. In the meantime, some reports have used the efficiency
of conversion of ingested food (ECI) [6,17,19-21] to allow for comparison across studies
with more comprehensive and informative data. However, studies are required for small
or laboratory scales to quantify production performance and other related feed-nutrient
utilization. Most nutritional studies for edible crickets have focused on optimum feed
ingredients and resources for rearing crickets, especially protein content. Other nutrients,
such as fat and carbohydrates, should receive more attention to understand their relation
and possible interaction. In addition, a low survival rate should be considered a criterion
to improve the biomass, health, and management of crickets. In the future, there is a trend
of industrial or commercial scale for cricket production in accordance with mass-rearing
conditions, which is not applicable for performing in a laboratory or on a small scale to
quantify the production performance and nutrient conversion efficiency in large-scale
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cricket production. From a livestock production point of view, feed efficiency represents
the cumulative efficiency for conversion from dietary nutrients to get maintenance, lean
gain, and lipid accretion, which strongly influences financial returns as closely associated
with feed costs [22], and also allows to easily adjust for suitable feed ration for crickets.
Additionally, the nutrient conversion efficiencies of feed mirror the environmental per-
formance of the livestock production system [23], including cricket production as mini
livestock animals. However, there is little known about the nutrient conversion efficiency
for crickets. Therefore, the present study aimed to measure the production performance
and to quantify the major nutrient deposition rate using a new approach for the nutrient
conversion efficiency calculation for the field crickets under mass-rearing conditions.

2. Materials and Methods
2.1. Cricket Rearing and Management

To measure the production performance and nutrient conversion efficiency of the field
crickets, G. bimaculatus, the crickets were reared at a farm facility belonging to the Animal
Science Division, Department of Animal Production Technology and Fisheries, School of
Agricultural Technology at King Mongkut’s Institute of Technology Ladkrabang, Thailand.
Eight rearing cricket crates with a size of 60 cm (width) x 120 cm (Iength) x 60 cm (height)
were made with polycarbonate walls and flooring with a nylon-wire mesh cover, which
aimed to allow for ventilation, protection from flies, and prevention of natural preda-
tors (such as geckos). Egg board cartons (29.5 cm x 29.5 cm x 4.7 cm) were continuously
arranged in a zigzag direction and then arranged into each rearing crate by making a
platform for the cartons at around 10 cm above the crate floor. This was to allow floor
cleaning, collecting of dead crickets, and prevention of moisture accumulation. Approx-
imately 10-15% of the crate floor area was free from egg cartons, allowing ventilation
on the floor of the rearing crates and working convenience. All crates were placed on
a shelf with their feet placed in vegetable oil traps to prevent ants and other predators
from accessing the cricket eggs and their crickets. Other facilities and equipment required
for mass rearing were also prepared, such as plastic bags, a small sweeper, record books,
etc. Cricket eggs of the field crickets were purchased from a commercial cricket breeder
in Thailand (Somjainuk cricket’s farm, Nakhon Sawan, Thailand). Concerning the mass-
rearing system, Parajulee et al. [24] mentioned a mass production of the house crickets
of approximately 6000 harvested crickets per rearing unit, with roughly 3000 g for the
house crickets (6000 crickets x approximately 0.5 g of cricket body weight). The current
study was designed to produce at least 3000 g of field crickets per rearing crate, to be
met by the criteria of mass rearing for crickets. Obtained cricket eggs were allocated in
approximately equal portions, an average of 5703 eggs per rearing crate estimated from
total live crickets/average body weight/survival rate/hatching rate (85% hatching rate
assumed from unpublished data) of laying bedding material and egg mixture into each
rearing crate and then allowed to hatch from the eggs. Each rearing crate was equipped
with a feeding plastic tray with a rough surface, provided on the crate floor and the top
of the carton. The feeding regime was ad libitum by adding several feeding trays and an
amount of feed proportional to the larger size of crickets. The amount of feed offered to the
experimental crickets was recorded and a new feed of approximately 600-800 milliliters
of water was provided once, twice, and three times a day for the 1st-3rd, 4th-5th, and
6th-week old field crickets, respectively, through approximately 100 cm length and 3.81 cm
diameter of PVC pipe (rectangle shape) with 22 holes on its rough surface filled with thread
to allow the crickets to sip water through the thread.

To investigate the nutrient conversion efficiency, a commercial cricket feed (Pure
Pride®; PP feed, the TFMS (Saraburi) Co. Ltd., Saraburi province, Thailand) containing
20.24% crude protein (CP) and 3.22% crude fat was used, which was also used as a dietary
treatment in the study of Bawa et al. [25] as Diet I, II, and III containing a commercial cricket
feed (PP feed), PP feed replaced by 50% Betagro chicken feed and PP feed supplemented
with 100 g dry pulp pumpkin powder/day, respectively. The rather similar environmental
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condition, feed, and rearing management caused the authors to include it in the current
study. Although a preliminary study was performed for field crickets, there is only one
replication, in which some aspects were used as guidance for the current study, e.g.,
survival rate calculation as body weight basis and nutrient composition of dead crickets
(Supplementary Table S1). The study of Bawa et al. [25] was used as the main reference
data to compare the production performance and for calculating the nutrient conversion
efficiency, because the environmental conditions and diet are very similar to the current
study (similarity or small difference in Supplementary Table S2). Furthermore, available
information for further calculation of the nutrient conversion efficiency was considered
a crucial criterion for making comparison possible. The main differences between the
current study and the study of Bawa et al. [25] are the cricket species used and the scale of
study as 34.28 kg total yield per production round and 2.89 kg total yield per treatment,
respectively (Supplementary Table S2), however we tried to apply a way of measuring
to be able to compare the results between these two studies. After hatching the nymphs,
the Pure Pride cricket feed was offered to the nymphs or crickets throughout the experiment
lasting every day, by mixing the leftover feed with the new offered feed. The total feed
offered for 8 rearing crates was recorded by weight. During the period of rearing, dead
cricket carcasses and parts of cricket bodies were collected and weighed twice a day, after
which they were stored with earlier samples of dead crickets until the end of each batch
of rearing at —20 °C until further analysis. To reduce the contaminants of dead cricket
samples, a mesh was applied to separate the dust or small particles from the dead crickets.
When the crickets had reached more than 95% full growth by wings appearing, it was the
end of each rearing batch. Around 5-7 days before the end of each batch, a tray with a
moisturized mixture of coconut flakes and dust was offered, allowing some female crickets
to lay some eggs. The eggs from the crickets were used for the second batch and eggs from
the second batch were used for the third batch. One day before harvesting the crickets,
50 males and 50 females were randomly collected from each rearing crate to record the
individual final body weight with an analytical balance (Metler Toledo, ML802, Greifensee,
Switzerland). Subsequently, the feed was withdrawn at 12 h before harvesting and the
left-over feed was measured for weight. At harvesting, all crickets in each crate were
weighed and debris or dead crickets were finally collected for the dead cricket sample.
After harvesting, all crickets were killed by freezing, and approximately 500 g of crickets
were randomly sampled and then stored at —20 °C until further analysis.

2.2. Chemical Analysis

Samples of the experimental diet, live crickets, and dead crickets were quantified for
dry matter (DM), ash, crude protein (CP), crude fat (EE), crude fiber (CF), and nitrogen-free
extract (NFE). The proximate compositions were estimated by following the standard
methods recommended by the Association of Official Analytical Chemists (AOAC, 1990).
The moisture percentage was calculated by drying the sample in an oven at 60 °C for 3 days.
The dried sample was put into a desiccator, allowed to cool and reweighed. The process
was repeated until a constant weight was obtained. Crude protein was determined by the
Kjeldahl method and the total protein content was calculated as the amount of total N
determined multiplied by a nitrogen-to-protein conversion factor of 6.25 for the diet sample.
For the samples of live and dead crickets, the conversion factor of 5.0 was used to multiply
N contents instead of the conversion factor of 6.25 as an overestimate of protein for field
and house crickets [26]. The fat percentage was calculated by drying fat after extraction in
a Soxhlet using diethyl ether. Ash percentage was calculated by combusting the samples in
a silica crucible placed in a muffle furnace. The percentage of nitrogen-free extract (NFE) or
carbohydrate was estimated by the method of difference.

2.3. Measured Variables and Calculations

The number of crickets per rearing crate was estimated by dividing the weight of
biomass by an average adult body weight. The reported value of 1.36 mg for the first weight
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after the hatching of G. bimaculatus [27] was used as average body weight at the beginning.
The preliminary study also showed an average of 1.355 mg body weight for newly hatching
crickets. This value was also applied for house crickets in the reference for calculating the
beginning weight as well, because the reference, Bawa et al. [25], demonstrated the results of
the body weight in the form of only a graph starting at day 1 cricket age, and thus the value
was very hard to estimate from the graph. An average daily gain (mg/day) was calculated
as total body weight gain (mg)/duration of rearing (day). At the end of each rearing batch,
the survival rate was calculated from the weight of live cricket x 100/ {(total weight of live
crickets) + (2 x total weight of dead crickets)} (more details in Supplementary Table S3),
while the report of Bawa et al. [25] used the number of individuals alive at the end of their
study. For the feed conversion ratio (FCR), the weight of feed ingested by crickets/weight
increase of crickets was calculated on a fresh basis. The efficiency of conversion of ingested
food (ECI) is a measure for feed conversion efficiency on a dry matter (DM) basis. ECI
(%) is calculated as weight gained x 100/weight of ingested food [28]. This ECI can be
called DM conversion efficiency. Protein or nitrogen conversion efficiency was already
used to compare within and across reports. To calculate CP conversion efficiency, nitro-
gen conversion efficiency (N-ECI) was calculated as (insect N-content x insect weight at
harvest)/(dietary N-content x feed provided) [6], but CP was calculated (N x 5.0) and
used instead of N in this work as the details mentioned earlier. To broaden the use of the
ECI concept, other nutrients’ (ash, crude fat, crude fiber, and NFE) conversion efficiencies
were calculated in the same way as the CP conversion efficiency. The adjusted nutrient
conversion efficiency was calculated as the nutrient conversion efficiency, but nutrient
contents in dead crickets were added to nutrient contents of live crickets before making
the ratio for the efficiency. For the house crickets, the DM and macronutrient composition
was assumed to be equal to the live crickets. This is caused by no available information
of DM and nutrient composition of dead crickets, and no significant difference of DM
and nutrient composition between live and dead crickets in the current study. The body
weight of the dead crickets was assumed as half of the crickets at harvesting. For the half
of the body weight at harvesting assumed and applied for calculation, the linear mortality
curve (conversion of survival curve) and linear body weight growth curve were assumed
from the reports of Parajulee et al. [24] and Bawa et al. [25], respectively. Consequently,
the measurable body weight of dead crickets should be half of the dead cricket weight if
all died at harvesting (more details in Supplementary Table S3). To compare the nutrient
intake and deposition between the field and house crickets, the intake and deposition
were calculated as mg of DM and nutrients per individual cricket body weight. Finally,
the results from earlier reports with sufficient data support for calculating the adjusted ECI
were obtained by selecting the crickets in the experimental groups, offered diets containing
18.9-22.0% CP.

2.4. Statistical Analysis

All data were analyzed using IBM SPSS Statistics 28 (IBM, Armonk, NY, USA) to look
for differences in the results from the current experiment and the reference. Mean =+ standard
deviation was expressed where results were appropriate. Differences were tested by Stu-
dent’s t-test.

3. Results
3.1. Production Performance

The results of production performance are illustrated in Table 1. The production perfor-
mance for the current study of the field crickets agreed with the earlier reports [19,20,29,30],
indicating the success of production under a mass-rearing condition, especially the high
survival rate of the current experimental crickets. However, there was a longer duration for
development, body weight, and average daily gain when compared to the house crickets
fed with a diet containing 18.9-21.9% CP. Higher FCR and lower survival rates were found
in the field crickets.
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Table 1. Production performance for the experimental field in mass-rearing conditions and referral
house cricket under laboratory-scale conditions.

Cricket Duration of Body Average Feed Intake COI‘F::IiiOH Survival
Data Source . Diet ? Rearing Weight Daily Gain  per Animals . Rate
Species (days) ® (mg/day) g Ratio; FCR (%)
(Feed: Gain)
Current . .
study Field cricket Batch I-III 41.0+1.0 0.95 £0.17 23.20 £ 4.49 2.78 £0.39 2.94 £ 0.12 88.51 £ 1.01
Bawa et al., House .
2020 [25] cricket Diet I-1I 49.0 £ 0.0 0.48 £ 0.07 9.73 £1.36 0.78 £ 0.04 1.58 £0.13 96.00 £ 1.00
p_Value *3% * * * %% %%

2 Batch I-1II are the same diet containing 20.2% CP, while diet I, II, and III contain 21.9%, 18.9%, and 19.6% CP,
respectively; other nutrient composition is provided in Table 2. *, **, *** Significant difference between the field
and house crickets at p < 0.05, p < 0.01, and p < 0.001, respectively.

Table 2. Nutrient conversion efficiency calculation from biomass, dead cricket carcasses and survival
rate of the experimental field crickets in mass-rearing condition in comparison to the referral house
cricket under laboratory-scale conditions.

Item DM Ash Ccp EE CF NFE

Diet composition (%)

Field cricket (experiment) 89.35 6.03 20.24 3.22 3.88 66.62

House cricket (Reference) 93.10 = 5.14 6.03 £ 0.58 20.13 £ 1.57 2.33 £1.01 5.87 £0.25 65.60 £ 0.79
DM and nutrient intake (kg/batch)

Field cricket (experiment) 83.74 + 5.44 5.05+0.33 16.95 £ 1.10 2.70 £0.18 3.25+0.21 55.78 &+ 3.62

House cricket (Reference) 421 +0.26 0.26 + 0.04 0.85 + 0.06 0.10 + 0.05 0.25 + 0.00 2.76 +0.15
Live cricket composition (%)

Field cricket (experiment) 34.93 +£3.15 3.66 £+ 0.31 44.28 4+ 3.88 2151 +4.71 10.25 £ 1.19 9.23 £1.25

House cricket (Reference) 29.56 £+ 0.32 4.50 = 0.10 59.47 £2.30 13.70 £5.25 5.57 £1.62 7.40 + 2.55
DM and nutrient deposition in live crickets (kg/batch)

Field cricket (experiment) 11.13 £1.31 0.40 + 0.03 490 +3.73 242 +0.76 1.13 £ 0.07 1.04 +£0.25

House cricket (Reference) 0.42 £ 0.06 0.02 £ 0.00 0.25 £ 0.04 0.06 £ 0.01 0.02 £ 0.01 0.03 £ 0.01
Dead cricket composition (%)

Field cricket (experiment) 31.99 £ 3.57 3.70 £0.25 43.99 £3.73 20.22 +4.42 10.09 £ 1.35 10.65 £ 1.10

House cricket (Reference) 29.56 + 0.32 4.50 + 0.10 59.47 + 2.30 13.70 £ 5.25 557 +1.62 7.40 + 2.55

DM and nutrient deposition in dead crickets (kg/batch)

Field cricket (Experiment)
House cricket (Reference) @

Nutrient conversion efficiency (%)

Field cricket (Experiment)
House cricket (Reference)
p-Value

1.342 £ 0.347 0.049 £ 0.010 0.583 + 0.116 0.281 £ 0.127 0.133 + 0.027 0.145 + 0.050
0.009 + 0.001 0.000 =+ 0.000 0.005 + 0.001 0.001 + 0.001 0.000 & 0.000 0.001 + 0.000

Adjusted nutrient conversion efficiency (%)

Field cricket (Experiment)
House cricket (Reference) @
p-Value

13.26 + 0.73 8.03 +0.47 28.95 + 1.98 88.94 + 23.06 34.87 +2.45 1.85 +0.34
10.11 +£1.94 7.70 £ 2.18 29.92 +5.98 60.59 + 13.69 945 +2.84 1.17 £ 0.54
ns ns ns ns i ns
14.85 +1.04 8.99 + 0.48 32.37 £2.10 99.17 4+ 27.11 38.95 + 2.64 2.10 £+ 0.41
10.32 + 1.94 7.85 + 2.19 30.52 + 5.94 61.81 +13.74 9.64 +2.86 1.20 + 0.55
* ns ns ns xHx ns

2 Dead cricket composition was assumed as the same composition as live crickets. *, *** Significant difference
between the field and house crickets at p < 0.05 and p < 0.001, respectively. ns = Not significant (p > 0.05).

3.2. Nutrient Conversion Efficiency

The components of calculation for both ECI and adjusted ECI are shown in Table 2.
For the diets used for both the current study and the reference report, they contained
almost similar contents of DM, ash, CP, EE and NFE, especially CP and NFE composing the
main proportion of nutrients in the diets. The amount of DM and nutrient deposition were
expressed as per batch or overall production round, resulting in remarkable differences
in actual intake and deposition between these two studies. When the nutrient conversion
efficiency was calculated for DM (equal to ECI) and other nutrients, the results showed
no difference between the field and the house crickets, except for a higher rate (p < 0.05)
of conversion for DM after correction by dead crickets and CF both before and after the
correction. The statistical analysis (not shown) illustrated no difference (p > 0.05) between
nutrient conversion efficiency and adjusted nutrient conversion efficiency for both DM and
each nutrient. The calculations for the amounts of feed intake and deposition per 1 g of
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body weight cricket for DM and nutrients help us to make a comparison between the field
and the house crickets (Table 3.). From this table, field crickets consumed less (p < 0.05)
CF than house crickets but deposited more of it (p < 0.05). Dead Mediterranean crickets
deposited significantly less CP (p < 0.05) than house crickets did.

Table 3. Intake and deposition in live and dead crickets as weight proportion for mg of DM and
nutrient per g of crickets.

Item DM Ash cp EE CF NFE
DM and nutrient intake (mg/g)
Field cricket (Experiment) ~ 2,328.26 4 75.84 140.37 £ 4.57 471.33 £+ 15.35 75.08 & 2.45 90.39 +2.94 1,551.08 + 50.52
House cricket (Reference) — 2,821.22 £561.29  172.35 £51.87  564.63 £ 89.75 69.05 £ 43.05 164.60 £25.50  1,849.38 & 358.33
p-Value 0.2665 0.3975 0.2109 0.8309 0.0357 0.2851
DM and nutrient deposition (mg/g)
Field cricket (Experiment) 349.33 £ 31.48 12.75 +1.13 154.37 £+ 15.68 75.58 & 20.10 35.56 + 1.11 3249 +7.03
House cricket (Reference) 295.60 % 3.20 13.30 £ 0.40 175.79 £ 7.30 40.45 +15.39 16.42 + 4.65 2191+7.76
p-Value ns ns ns ns * ns
DM and nutrient deposition in dead crickets (mg/g)
Field cricket (Experiment) 319.95 £ 35.66 11.79 £ 0.88 140.04 £10.13 65.65 + 20.75 32.05+£2.78 34.29 + 6.90
House cricket (Reference) 2 295.60 £ 3.20 13.30 £ 0.40 175.79 £7.30 40.45 +15.39 16.42 £ 4.65 2191+7.76
*% *

p-Value

ns ns ns ns

2 Dead cricket composition was assumed as the same composition as live crickets. *, ** Significant difference
between the field and house crickets at p < 0.05 and p < 0.01, respectively. ns = Not significant (p > 0.05).

3.3. ECl and Adjusted ECI

The adjusted ECI had a higher value compared to the ECI for the current study and
the referral report, including other reports about ECI for crickets available at this moment
(Table 4). From the results in this table, a lower survival rate resulted in a marked change
in the adjusted ECI in each report for both the field and the house cricket species.

Table 4. The efficiency of conversion of ingested food (ECI) corrected by dead crickets used for the
current study and the literature review.

Field Cricket House Cricket

Source
Survival Adjusted  Survival Adjusted

Rate ECI ECI Rate ECI ECI
Current study 88.51 13.26 14.85 na na na
Dobermann et al. [20] 55.00 10.86 * 15.30 * na na na
Jansom et al. [30] 27.15 10.50 16.46 na na na
Bawa et al. [25] na na na 96.00 10.11 10.32
Oonincx et al. [6] na na na 55.00 11.66 16.42
Sorjonen et al. [19] 47.33 15.94 25.28 81.17 5.78 6.49

* As usual results available, 90% DM of ingested cricket feed and 30% DM cricket body were assumed for
calculation of both ECI and adjusted ECI, na = data not available.

4. Discussion

For comparisons in the current study, it is likely improper to use results from other
studies to compare with the results of the current study. A meta-analysis would be applica-
ble for this kind of comparison. However, it is not the main objective of the current study.
Instead, an approach for quantifying the DM and macro-nutrient conversion efficiency
applied for the mass rearing of crickets was focused on for this study.

For the production performance, a comparison between different experiments might
be improper because production performance is mainly influenced by animal genetics,
feed offered, rearing management, and environmental conditions. Among these factors for
the comparison in the current study, animal genetics might be the main factor influencing
the results of production performance. This might be the fact that other factors had
small differences between both studies and the values of the production performance
obtained from this study were in accordance with the earlier reports. All relevant values of
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production performance were used in calculating the DM and macro-nutrient conversion
efficiency. Thus, it is implied as important background information for further calculations
of the nutrient conversion efficiency. Obtained production performance of the field crickets
under mass-rearing conditions was comparable with that of earlier reports performed
in both mass-rearing and small-scale experiments, which indicates validation for the
production performance values.

There is important data of the field cricket production, which is available for calculation
at the present. However, the environmental conditions and the overall management of the
crickets, especially the CP content in the diet were comparable, although slight differences
in CF contents did occur (Table 2).

The main productive differences between the field and house crickets are the bigger
size, shorter duration of rearing, and faster growth rate for field crickets. These are ad-
vantages for the field crickets when compared with the house crickets. However, the field
crickets had higher FCR and lower survival rates. The latter was also described in the study
of Sorjonen et al. [19], who found similar results, especially for the crickets in the control
group fed with chicken feed or the commercial feed. Providing an appropriate diet, stock
density, and environmental temperature and relative humidity are crucial factors affecting
the survival of crickets. These might be explanations for the rather high survival rate of both
field and house crickets reared in tropical regions such as Thailand (the current and Bawa
et al. [25] study in Table 4) when compared with those reared in western regions of mainly
low temperatures. Some insects hibernate when temperatures are low [31] and lower
than the developmental threshold [32]. A possible mechanism is that if body temperature
exceeds the limits of the cricket’s enzymatic capacity, consequently, the enzymes denature
and eventually the cricket die [33,34]. For relative humidity, high relative humidity was
beneficial for immature survival, adult longevity and fecundity, and population growth
of Apolygqus lucorum [35], but starvation was found when water was in abundance [36].
From the Cricket Rearing Handbook [15], housing conditions for crickets should maintain
temperature range of 28-35 °C and relative humidity of 60-65%, which is almost fitted
with the housing conditions of open air barn (temperature of 28.92 4 1.01 °C and relative
humidity of 67.50 & 2.89%) [25] in central Thailand. In this way, concerning factors that
affect the higher mortality rate of the field crickets [37,38] requires more studies, especially
the optimal stock density of crickets. For FCR, there are discrepancy results from several
reports [7,19,20,30]. The possible explanation for this may be varying focuses of interest
for each investigator, in other words, a lack of study standardization for farmed crickets.
From the FCR of the current study, there is rather a similar trend of the results compared
with those in earlier reports [19,20] which used commercial chicken feeds for crickets as
a control or a treatment group, which is comparable to the commercial diet used in the
current study. Recording refusal feed might be a cause to reduce the variation of FCR.
There are more reports about cricket rearing studies measuring ECI, which were proposed
by Waldbauer [28], and others with different diets offered to the crickets. However, the ECI
can be calculated as the converse of the FCR in 100%, which means ECI is on a fresh basis.
As we have known, the water content in animals and feed ingested by animals will dilute
all nutrient contents with different levels for both animal and feed samples. For instance,
the ratio of DM in feed: DM in cricket was 89.35:34.93 (2.6:1.0) for the current feeding trial,
while it was 93.10:29.56 (3.2:1.0) for the reference report. Therefore, calculating the ratio for
ECI on a dry basis would be preferable and no confounding factor for the outcome of the
ratio calculation would appear. This study’s calculations for ECI and nutrient conversion
efficiency were calculated on a dry basis.

The results in Table 2 were calculated based on biomass or yield of crickets obtained at
harvesting and total feed ingested by the crickets for each batch or round of cricket rearing.
The remarkably higher values for intake and deposition of DM and other nutrients in the
current feeding trial would be caused by larger scale as mass rearing when compared to
laboratory scale for the house crickets. This mainly showed the influence of the cricket
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production scale on feed intake and nutrient deposition, although species difference is a
factor affecting the outcome.

However, when nutrient conversion efficiency (as a dry basis) was applied, the differ-
ence in values of nutrient conversion efficiency between the field and the house crickets
tended to disappear, except for 1.4 times and around 4.0 times deposition of DM and CF,
respectively, in the field crickets. This was in agreement with the results of higher ECI (DM
conversion efficiency) [19] and higher CF contents for the field crickets compared to the
house crickets [39]. The calculation of intake and deposition per g of cricket in Table 3 led
to the observation that the field crickets ingested less CF but deposited more CF in the
body, indicating higher efficiency for conversion of CF from feed to the CF in the body of
the field crickets. This is also probably partly an explanation for higher ECI and adjusted
ECI for the field crickets. The CF contents in cricket bodies were contributed from chitin
acting as an exoskeleton for crickets [40,41]. The bigger size of the field cricket may imply a
higher quantity of exoskeleton required to support bigger body size [42] and faster growth
of the field crickets by attempting to deposit CF at a higher rate when compared to the
house crickets. From the results in Tables 3 and 4, it was rather clear that ash, CP, EE, and
NEFE were deposited on both cricket species proportionally obtained their own nutrients.
However, two main factors of differences in cricket species and feed composition used in
the comparison might be confounding factors for interpreting the results, because different
diets caused different contents and different cricket species had different capacities to
exploit the resources of nutrients, which required further study to elucidate it. At least,
the current study has shown that ECI could be calculated under both mass rearing and
small-scale rearing. When considering the values of nutrient conversion efficiency (both
adjusted and non-adjusted), there was the lowest deposition rate (1-2%) for NFE and the
highest deposition rate (60-99%) for EE. It might be hypothesized that both field and house
crickets can convert carbohydrates (NFE) into lipids [13,43]. As we have known, feeds
containing high carbohydrate contributes to increased lipid deposition both in human and
livestock animals. However, there is still a need for further study to prove this hypothesis
for crickets. This high rate of fat deposition into the cricket bodies would lead to being an
appropriate food as ketogenic diets for reducing obesity [10].

Concerning the calculation of adjusted ECI and nutrient conversion efficiency
(Tables 2 and 4), the adjusted values were higher than the non-adjusted ones. This would
be the result of the contents of dead crickets included in the calculation. From Table 4, when
the mortality rate of crickets was high, there was a trend for a positively proportional in-
crease in ECI. In fact, the death of very small instars of crickets is very hard to be completely
collected. However, these very small sizes also had little impact on the whole volume of
dead crickets. From the point of view of livestock production, science research and also
aquatic animal farming [44], the loss of experimental group animals will affect estimating
the actual feed ingested. Thus, adjusted the ECI should be useful to gain more insight into
nutrient metabolism and utilization. However, both the non-adjusted values and survival
rates of crickets are still important to be quantified to be considered together. Under mass
cricket-rearing conditions, the measurement of the survival rate from the weight of dead
crickets should be applicable and more feasible for the involved staff. In addition, other
factors that may affect the contents of dead crickets should be investigated further, e.g.,
instar-related compositional differences.

5. Conclusions

The production of field crickets (G. bimaculatus) could be performed under mass-
rearing conditions without major adverse effects on the production performance. Recording
feed intake and collecting dead crickets during the period of cricket rearing are key activities
to monitor cricket performance, allowing possibilities to calculate the value of nutrient
conversion efficiency for both adjusted and non-adjusted values under mass cricket rearing.
This probably helps to get more insight into nutrient metabolism and utilization of crickets,
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at least by allowing comparable values across studies as the higher adjusted conversion
efficiency related to a higher mortality rate of crickets.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ani12172263/s1, Table S1: Results of a preliminary study; Table S2:
Similarity and difference between the current study and the study of Bawa et al. (2020); Table S3:
Methods of calculating survival rate of crickets.

Author Contributions: The idea for this study was created by ].M., a concept developed and written
by J.M. and N.T.G,, enriched by supplementary documents and knowledge by R.L., T.T., T.C., S.K.
and A.L. All authors have read and agreed to the published version of the manuscript.

Funding: The project IFNext (334-06.01-03-2816PROC19) was supported by funds from the Federal
Ministry of Food and Agriculture (BMEL) based on a decision of the Parliament of the Federal
Republic of Germany via the Federal Office for Agriculture and Food (BLE), Germany. This work was
financially supported for article processing charge (APC) by King Mongkut’s Institute of Technology
Ladkrabang Research Fund.

Institutional Review Board Statement: The animal study protocol was approved by the Animal
Care and Use Committee, King Mongkut’s Institute of Technology Ladkrabang (Approval number:
ACUC-KMITL-RES/2019/015) following the guidelines in “The Ethical Principles and Guidelines for
the Use of Animals for Scientific Purposes”, edited by the National Research Council of Thailand.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank Sudarat Phongphaew and Oudomlug Sawanakarn,
graduate students at the Department of Animal Production and Fisheries, School of Agricultural Tech-
nology, King Mongkut’s Institute of Technology Ladkrabang (KMITL) for their excellent assistance
for cricket rearing.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Food-and-Agriculture-Organization-of-the-United-Nations. Looking at Edible Insects from a Food Safety Perspective: Challenges
and Opportunities for the Sector. Available online: https://www.fao.org/policy-support/tools-and-publications /resources-
details/en/c/1394684/ (accessed on 30 June 2022).

Grabowski, N.T.; Abdulmawjood, A.; Acheuk, F,; Barragan Fonseca, K.; Chhay, T.; Costa Neto, E.M.; Ferri, M.; Franco Olivas, J.;
Gonzdlez Aguilar, D.G.; Keo, S.; et al. Review: Insects—A Source of Safe and Sustainable Food?—"Jein” (Yes and No). Front.
Sustain. Food Syst. 2022, 5, 174-180. [CrossRef]

Cadinu, L.A,; Barra, P; Torre, E; Delogu, F.; Madau, F.A. Insect Rearing: Potential, Challenges, and Circularity. Sustainability 2020,
12, 4567.

Kemsawasd, V.; Inthachat, W.; Suttisansanee, U.; Temviriyanukul, P. Road to The Red Carpet of Edible Crickets through
Integration into the Human Food Chain with Biofunctions and Sustainability: A Review. Int. . Mol. Sci. 2022, 23, 1801. [CrossRef]
Sun-Waterhouse, D.; Waterhouse, G.I.N.; You, L.; Zhang, J.; Liu, Y.; Ma, L.; Gao, J.; Dong, Y. Transforming insect biomass into
consumer wellness foods: A review. Food Res. Int. 2016, 89, 129-151. [CrossRef] [PubMed]

Oonincx, D.G.; van Broekhoven, S.; van Huis, A.; van Loon, ].J. Feed Conversion, Survival and Development, and Composition of
Four Insect Species on Diets Composed of Food By-Products. PLoS ONE 2015, 10, e0144601. [CrossRef]

Orinda, M.A.; Mosi, R.O.; Ayieko, M.A.; Amimo, F.A. Growth performance of Common house cricket (Acheta domesticus) and
field cricket (Gryllus bimaculatus) crickets fed on agro-byproducts. J. Entomol. Zool. Stud. 2017, 5, 1664-1668.

Kuo, C.; Fisher, B.L. A Literature Review of the Use of Weeds and Agricultural and Food Industry By-Products to Feed Farmed
Crickets (Insecta; Orthoptera; Gryllidae). Front. Sustain. Food Syst. 2022, 5, 565. [CrossRef]

Magara, H.J.O.; Niassy, S.; Ayieko, M.A.; Mukundamago, M.; Egonyu, J.P.; Tanga, C.M.; Kimathi, E.K.; Ongere, ].O.; Fiaboe,
K.K.M.; Hugel, S.; et al. Edible Crickets (Orthoptera) Around the World: Distribution, Nutritional Value, and Other Benefits—A
Review. Front. Nutr. 2021, 7, 257. [CrossRef]

Grabowski, N.T.; Chhay, T.; Keo, S.; Lertpatarakomol, R.; Kajaysri, J.; Kang, K.; Miech, P; Plotz, M.; Mitchaothai, J. Proximate
Composition of Thai and Cambodian Ready-to-Eat Insects. J. Food Qual. 2021, 2021, 9731464. [CrossRef]

Tzompa-Sosa, D.A.; Dewettinck, K.; Provijn, P.; Brouwers, J.F.; De Meulenaer, B.; Oonincx, D.G.A.B. Lipidome of cricket species
used as food. Food Chem. 2021, 349, 129077. [CrossRef]

Chae, K.-S.; Shin, C.-S.; Shin, W.-S. Characteristics of cricket (Gryllus bimaculatus) chitosan and chitosan-based nanoparticles. Food
Sci. Biotechnol. 2018, 27, 631-639. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/ani12172263/s1
https://www.mdpi.com/article/10.3390/ani12172263/s1
https://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1394684/
https://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1394684/
http://doi.org/10.3389/fsufs.2021.701797
http://doi.org/10.3390/ijms23031801
http://doi.org/10.1016/j.foodres.2016.10.001
http://www.ncbi.nlm.nih.gov/pubmed/28460898
http://doi.org/10.1371/journal.pone.0144601
http://doi.org/10.3389/fsufs.2021.810421
http://doi.org/10.3389/fnut.2020.537915
http://doi.org/10.1155/2021/9731464
http://doi.org/10.1016/j.foodchem.2021.129077
http://doi.org/10.1007/s10068-018-0314-4
http://www.ncbi.nlm.nih.gov/pubmed/30263789

Animals 2022, 12,2263 11 of 12

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

Rapkin, J.; Jensen, K.; House, C.M.; Wilson, A.J.; Hunt, ]. Genotype-by-sex-by-diet interactions for nutritional preference, dietary
consumption, and lipid deposition in a field cricket. Heredity 2018, 121, 361-373. [CrossRef] [PubMed]

Orinda, M.A.; Mosi, R.O.; Ayieko, M.A.; Amimo, EA.; Nchimbi, H.Y. Technical Efficiency of Cricket (A. domesticus and G.
bimaculatus) Production: A Cobb-Douglas Stochastic Frontier Approach. J. Agric. Econ. Rural Dev. 2018, 4, 513-521.

Orinda, M.; Oloo, J.; Magara, H.; Ayieko, M.; Roo, N. Cricket Rearing Handbook; Services for Science and Education: Stockport,
Cheshaire, UK, 2021. [CrossRef]

Hanboonsong, A.; Durst, P. Guidance on Sustainable Cricket Farming—A Practical Manual; FAO: Bangkok, Thailand, 2020.

Lundy, M.E.; Parrella, M.P. Crickets Are Not a Free Lunch: Protein Capture from Scalable Organic Side-Streams via High-Density
Populations of Acheta domesticus. PLoS ONE 2015, 10, e0118785. [CrossRef]

Smil, V. Nitrogen and food production: Proteins for human diets. Ambio 2002, 31, 126-131. [CrossRef]

Sorjonen, J.M.; Valtonen, A.; Hirvisalo, E.; Karhapéd, M.; Lehtovaara, V.J.; Lindgren, J.; Marnila, P.; Mooney, P.; Méki, M;
Siljander-Rasi, H.; et al. The plant-based by-product diets for the mass-rearing of Acheta domesticus and Gryllus bimaculatus. PLoS
ONE 2019, 14, €0218830. [CrossRef]

Dobermann, D.; Michaelson, L.; Field, L.M. The effect of an initial high-quality feeding regime on the survival of Gryllus
bimaculatus (black cricket) on bio-waste. |. Insects Food Feed 2018, 5, 117-123. [CrossRef]

Straub, P; Tanga, C.M.; Osuga, I.; Windisch, W.; Subramanian, S. Experimental feeding studies with crickets and locusts on the
use of feed mixtures composed of storable feed materials commonly used in livestock production. Anim. Feed Sci. Technol. 2019,
255,114215. [CrossRef]

Patience, J.F.; Rossoni-Serao, M.C.; Gutiérrez, N.A. A review of feed efficiency in swine: Biology and application. J. Anim. Sci.
Biotechnol. 2015, 6, 33. [CrossRef]

Shepon, A.; Eshel, G.; Noor, E.; Milo, R. Energy and protein feed-to-food conversion efficiencies in the US and potential food
security gains from dietary changes. Environ. Res. Lett. 2016, 11, 105002. [CrossRef]

Parajulee, M.N.; Defoliart, G.R.; Hogg, D.B. Model for use in mass-production of Acheta domesticus (Orthoptera: Gryllidae) as
food. J. Econ. Entomol. 1993, 86, 1424-1428. [CrossRef]

Bawa, M.; Songsermpong, S.; Kaewtapee, C.; Chanput, W. Effect of Diet on the Growth Performance, Feed Conversion, and
Nutrient Content of the House Cricket. J. Insect. Sci. 2020, 20, 10. [CrossRef] [PubMed]

Ritvanen, T.; Pastell, H.; Welling, A.; Raatikainen, M. The nitrogen-to-protein conversion factor of two cricket species—Acheta
domesticus and Gryllus bimaculatus. Agric. Food Sci. 2020, 29, 1-5. [CrossRef]

Brata, B.; Prakoso, H.; Sinarto, E. The Effect of Hatching Media on Hatching Capacity and Stadium Nymph in Cricket
Gryllus mitratus. In Proceedings of the 1st International Seminar on Animal Industry Faculty of Animal Science, Bogor Agricultural
University, Bogor, Indonesia, 23-24 November 2009; pp. 265-269.

Waldbauer, G.P. The Consumption and Utilization of Food by Insects. In Advances in Insect Physiology; Beament, ].W.L., Treherne,
J.E., Wigglesworth, V.B., Eds.; Academic Press: Cambridge, MA, USA, 1968; Volume 5, pp. 229-288.

Iba, M.; Nagao, T.; Urano, A. Effects of Population Density on Growth, Behavior and Levels of Biogenic Amines in the Cricket.
Zool. Sci. 1995, 12, 695-702, 698. [CrossRef]

Jansom, T. The Effectof Different Diets on the Growth, Reproductive Rate and Protein Content of the Two-spotted Cricket (Gryllus
bimaculatus de Geer). Ph.D. Thesis, Kasetsart University, Bangkok, Thailand, 2020.

Orinda, M.A. Effects of Housing and Feed on Growth and Technical Efficiency of Production of Acheta domesticus (L.) and
Gryllus bimaculatus for sustainable commercial crickets production in the lake victoria region, kenya. Ph.D. Thesis, Jaramogi
Oginga Odinga University of Science and Technology, Bondo, Kenya, 2018.

Hance, T.; Baaren, ]J.v.; Vernon, P,; Boivin, G. Impact of Extreme Temperatures on Parasitoids in a Climate Change Perspective.
Annu. Rev. Entomol. 2007, 52, 107-126. [CrossRef] [PubMed]

Neven, L.G. Physiological responses of insects to heat. Postharvest Biol. Technol. 2000, 21, 103-111. [CrossRef]

Niehaus, A.C.; Wilson, R.S.; Storm, J.J.; Angilletta, M.]. Fall field crickets did not acclimate to simulated seasonal changes in
temperature. J. Comp. Physiol. B 2012, 182, 199-207. [CrossRef]

Lu, Y,; Wu, K. Effect of relative humidity on population growth of Apolygus lucorum (Heteroptera: Miridae). Appl. Entomol. Zool.
2011, 46, 421-427. [CrossRef]

Child, R.E. Insect Damage as a Function of Climate. National Museum Wales, Cathays Park, 2007. pp. 57-60. Available online:
http:/ /eprints.sparaochbevara.se/158/1/child.pdf (accessed on 31 August 2022).

Lebenzon, ].E.; Des Marteaux, L.E.; Sinclair, B.]. Reversing sodium differentials between the hemolymph and hindgut speeds chill
coma recovery but reduces survival in the fall field cricket, Gryllus pennsylvanicus. Comp. Biochem. Physiol. Part A Mol. Integr.
Physiol. 2020, 244, 110699. [CrossRef]

Limberger, G.M.; Nery, L.E.M.; Fonseca, D.B.D. Reproductive Status Modulates Mortality Rate, Lifespan and Egg Production, but
Do Not the Physiological Aging in the Field Cricket Gryllus assimilis (Fabricius, 1775) (Orthoptera: Gryllidae). Neotrop. Entomol.
2021, 50, 237-246. [CrossRef]

Udomsil, N.; Imsoonthornruksa, S.; Gosalawit, C.; Ketudat-Cairns, M. Nutritional Values and Functional Properties of House
Cricket (Acheta domesticus) and Field Cricket (Gryllus bimaculatus). Food Sci. Technol. Res. 2019, 25, 597-605. [CrossRef]


http://doi.org/10.1038/s41437-018-0130-x
http://www.ncbi.nlm.nih.gov/pubmed/30089778
http://doi.org/10.14738/eb.86.2020
http://doi.org/10.1371/journal.pone.0118785
http://doi.org/10.1579/0044-7447-31.2.126
http://doi.org/10.1371/journal.pone.0218830
http://doi.org/10.3920/JIFF2018.0024
http://doi.org/10.1016/j.anifeedsci.2019.114215
http://doi.org/10.1186/s40104-015-0031-2
http://doi.org/10.1088/1748-9326/11/10/105002
http://doi.org/10.1093/jee/86.5.1424
http://doi.org/10.1093/jisesa/ieaa014
http://www.ncbi.nlm.nih.gov/pubmed/32219448
http://doi.org/10.23986/afsci.89101
http://doi.org/10.2108/zsj.12.695
http://doi.org/10.1146/annurev.ento.52.110405.091333
http://www.ncbi.nlm.nih.gov/pubmed/16846383
http://doi.org/10.1016/S0925-5214(00)00169-1
http://doi.org/10.1007/s00360-011-0611-1
http://doi.org/10.1007/s13355-011-0058-6
http://eprints.sparaochbevara.se/158/1/child.pdf
http://doi.org/10.1016/j.cbpa.2020.110699
http://doi.org/10.1007/s13744-020-00839-x
http://doi.org/10.3136/fstr.25.597

Animals 2022, 12, 2263 12 0of 12

40.

41.

42.

43.

44.

Zainol Abidin, N.A.; Kormin, F.; Zainol Abidin, N.A.; Mohamed Anuar, N.A.F.; Abu Bakar, M.F. The Potential of Insects as
Alternative Sources of Chitin: An Overview on the Chemical Method of Extraction from Various Sources. Int. ]. Mol. Sci. 2020, 21,
4978. [CrossRef] [PubMed]

van Huis, A.; van Itterbeeck, J.; Klunder, H.; Mertens, E.; Halloran, A.; Muir, G.; Vantomme, P. Edible Insects: Future Prospects for
Food and Feed Security; FAO Forestry Paper (No. 171); Food and Agriculture Organization for the United Nations: Rome, Italy,
2013; p. 187.

Sultana, R.; Sanam, S.; Kumar, S.; Shamsudeen, R.5.M.; Soomro, F. A review of Gryllidae (Grylloidea) with the description of one
new species and four new distribution records from the Sindh Province, Pakistan. ZooKeys 2021, 1078, 1-33. [CrossRef]

Arrese, E.L.; Soulages, ]J.L. Insect fat body: Energy, metabolism, and regulation. Annu. Rev. Entomol. 2010, 55, 207-225. [CrossRef]
[PubMed]

Hasan, B.; Guha, B.; Datta, S. Optimization of feeding efficiency for cost effective production of Penaeus monodon Fabricius in
semi-intensive pond culture system. J. Aquacult. Res. Dev 2012, 3, 1000149. [CrossRef]


http://doi.org/10.3390/ijms21144978
http://www.ncbi.nlm.nih.gov/pubmed/32679639
http://doi.org/10.3897/zookeys.1078.69850
http://doi.org/10.1146/annurev-ento-112408-085356
http://www.ncbi.nlm.nih.gov/pubmed/19725772
http://doi.org/10.4172/2155-9546.1000149

	Introduction 
	Materials and Methods 
	Cricket Rearing and Management 
	Chemical Analysis 
	Measured Variables and Calculations 
	Statistical Analysis 

	Results 
	Production Performance 
	Nutrient Conversion Efficiency 
	ECI and Adjusted ECI 

	Discussion 
	Conclusions 
	References

