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Simple Summary 

Cricket farming is becoming an increasingly important way to produce protein in a sustainable and 
environmentally friendly manner. However, one of the biggest challenges for farmers is the high cost 
of commercial cricket feed. This study aimed to find a more affordable and effective solution by 
creating new feed recipes using local ingredients and insects called black soldier fly larvae. First, we 
tested which ingredients the crickets liked best, then we fed them different recipes to see which 
helped them grow well while keeping costs low. We found that the crickets preferred the black soldier 
fly larvae and that feed recipes using about 20% of this ingredient helped them grow just as well—or 
even better—than when using expensive commercial feed. The best recipe cut feed costs by over 30% 
while still supporting healthy cricket growth. These results show that farmers can raise crickets more 
economically by using locally available ingredients and insect-based protein. This supports the 
production of low-cost, high-quality protein, which can help improve food security and reduce the 
environmental impact of traditional livestock farming. 

Abstract 

Cricket farming is recognized as a sustainable solution for addressing global protein shortages, yet 
feed costs remain a major barrier to scalability. This study evaluated the use of locally available 
ingredients and black soldier fly larvae to formulate cost-effective diets for house crickets (Acheta 
domesticus). A preference test was conducted to determine the most palatable ingredients, followed 
by feeding trials to measure feed conversion ratio, efficiency of conversion of ingested food, and yield 
weight. Three experimental feed recipes were developed using the Pearson’s square method and 
compared to a commercial feed. The recipe containing 20.61% black soldier fly larvae and 17.86% 
commercial feed demonstrated the highest performance in juvenile and adult crickets, achieving 
yields of 99.89% and 91.0%, respectively, while reducing feed costs by 33.25%. Results showed that 
high-performance cricket feed can be produced by combining insect-based protein with local plant 
materials, without compromising growth efficiency. The findings suggest a practical pathway for 
small-scale farmers to reduce production costs and promote environmentally sustainable insect 
farming systems. 

Keywords: Acheta domesticus; black soldier fly larvae (BSFL); feed formulation; feed conversion ratio 
(FCR); insect farming; cost-effective protein; sustainable agriculture 
 

1. Introduction 

The rising global population, coupled with environmental degradation and growing pressure 
on agricultural systems, has significantly increased the demand for sustainable protein sources [1–3]. 
Conventional livestock production, while an essential source of dietary protein, remains resource-
intensive—requiring extensive land, water, and feed inputs [4,5]. Moreover, livestock farming 
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contributes substantially to greenhouse gas emissions and ecosystem degradation [6–8]. In response, 
the Food and Agriculture Organization (FAO) and several researchers have identified edible insects, 
particularly crickets, as a promising alternative source of high-quality protein. Crickets (Acheta 
domesticus) are increasingly recognized for their favorable nutritional profile, including protein 
content comparable to that of traditional meat and fish, along with balanced amino acids, vitamins, 
and minerals [9–13]. Additionally, they require significantly less land, water, and feed than 
conventional livestock, making them a highly efficient and environmentally sustainable protein 
option [14,15]. As a result, insect farming is gaining global momentum, particularly in developing 
regions where access to conventional protein sources may be limited [16]. In Thailand, where cricket 
farming is well-established, it serves as a critical livelihood and food security strategy [17,18]. 

However, a major limitation to the scalability and economic sustainability of cricket farming is 
the high cost of feed, which often accounts for more than 50% of total production expenses [18,19]. 
While commercial cricket feed is nutritionally adequate, it is relatively expensive [20,21], prompting 
small-scale farmers to experiment with alternative feed sources such as fresh plant materials. Yet, 
fresh plant feed presents notable challenges, including high moisture content, inconsistent nutritional 
composition, rapid spoilage, and increased risk of waste generation and ammonia emissions [22–24]. 
These issues reduce feed efficiency and increase labor and maintenance costs, undermining long-
term viability [25]. 

To address these challenges, researchers have explored the use of insect-based ingredients—
particularly black soldier fly larvae (BSFL, Hermetia illucens)—in animal diets. BSFL offer a 
sustainable, high-protein alternative capable of converting organic waste into biomass, with reported 
crude protein and fat contents of approximately 42–45% and 35%, respectively [26–28]. Their 
inclusion in poultry and aquaculture feeds has demonstrated promising results in terms of growth 
performance, environmental sustainability, and cost-effectiveness [29–31]. Importantly, BSFL can be 
produced locally, reducing dependency on imported feed ingredients such as fishmeal and soybean 
meal [32]. 

While several studies have explored BSFL use in poultry and aquaculture feed, relatively few 
have evaluated their integration into cricket feed formulations—particularly using economically 
optimized recipes tailored for smallholder conditions in Southeast Asia. In particular, there remains 
limited research on the optimal blending ratios of BSFL with locally available ingredients that balance 
nutritional adequacy, feed conversion efficiency, and cost reduction in cricket farming systems. 
Furthermore, the lack of standardized feed formulation approaches, such as the Pearson’s square 
method, contributes to variation in feed quality and economic performance across farms. 

2. Materials and Methods 

2.1. Ingredient Materials 

This study focused on the development of cost-effective cricket feed using locally sourced 
ingredients as substitutes for expensive commercial feeds. To ensure economic feasibility and 
nutritional adequacy, selected ingredients were required to be nutrient-rich, affordable, readily 
available, and suitable for long-term use by small-scale farmers. The feed ingredients included BSFL, 
soybean meal, corn meal, rice meal, and fermented cassava pulp. Cereal-based components such as 
corn and rice bran were procured from a local animal feed supplier, while fresh BSFL were obtained 
from a regional Thai producer. Upon delivery, BSFL were inspected for vitality and size uniformity, 
ensuring that only live and active larvae were used, following the guidelines of [27,32]. 

To reduce microbial load and preserve nutritional integrity, the larvae were sieved to remove 
residual feces and debris, then briefly boiled for 10–15 seconds, as recommended by Surendra [33]. 
Following boiling, the larvae were cooled on trays and stored at 4 °C to maintain freshness prior to 
processing. 

The initial moisture content of the BSFL was determined using the oven-drying method (ISO 
1442:1973), wherein approximately 5 g of BSFL biomass was dried at 105 °C for 72 hours in triplicate. 
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The average moisture content was 64.83 ± 2% (wet basis), consistent with prior reports [18]. The larvae 
were then further dried in a hot-air oven at 60 °C until reaching a final moisture content of 
approximately 10% w.b., following protocols adapted from Ref. [14] and [33]. 

All feed ingredients (Figure 1) were ground into fine powders using a standard laboratory 
grinder and passed through a No. 40 mesh sieve to ensure uniform particle size, facilitating consistent 
mixing and improved feed intake, as recommended by Miech [34]. 

Table 1. Types of local feed ingredients and their nutrient composition. 

No. Ingredient
Nutrient (%)  

Protein Fat Calcium Ref. 

1 BSFL powder 45 6.6 6 [27,32] 
Sheppard et al. (2002) 

2 Soybean meal 42.37 0.86 0.22 [35] 
3 Corn meal 8.04 6.05 0.0 [14] 
4 Rice meal 8 4 0.03 [34] 
5 Commercial feed* 4.37 - 13.10 [36]  
6 Fermented cassava pulp 23.3 – – [37] 

The data in Table 1 highlight the nutritional diversity among ingredients, particularly in protein 
content, which ranged from 8% to 45%, and fat content, from 0.86% to 6.6%. Cricket feed formulations 
typically aim for a protein content of at least 21%, matching commercial feed benchmarks to support 
rapid growth due to the crickets’ short life cycle. However, excessive protein increases cost, and 
previous studies suggest that 15% protein may be sufficient for optimal growth [38]. Thus, 
strategically blending local ingredients can offer a nutritionally balanced and cost-efficient alternative 
for smallholder cricket production. 

2.2. Cricket Farming Setup and Feeding 

Cricket farming experiments were conducted in custom-built enclosures constructed from 
gypsum board, each measuring 1.2 m in width, 0.8 m in length, and 0.6 m in height. The tops of the 
enclosures were covered with nylon mesh netting to prevent cricket escape and to protect against 
common predators such as birds, lizards, and geckos. Internally, egg tray paper was used to provide 
vertical surface area and shelter, facilitating molting and reducing cannibalism—a behavior known 
to occur during vulnerable molting stages [39]. 

Each production unit had the capacity to yield approximately 10–15 kg of crickets per cycle, with 
the cycle duration ranging from 40 to 45 days, depending on variables such as cricket species, initial 
stocking density, feed regime, and environmental conditions. Environmental factors, particularly 
temperature and humidity, were recognized as critical parameters influencing cricket growth, 
molting frequency, and feed conversion [14]. 

Crickets were fed commercial feed twice daily, with feed quantities adjusted according to 
developmental stage and population density to reduce excess waste. Maintaining a clean rearing 
environment and tailoring feed volume to age-specific metabolic demands are essential to preventing 
ammonia buildup and supporting colony health [24,34]. In the late developmental phase, fresh plant 
material was occasionally provided to supplement the diet and maintain feed engagement, 
particularly when appetite declined near maturity. Water was supplied ad libitum using shallow 
plastic containers placed inside the enclosures. Ensuring consistent hydration is especially important 
during molting periods, when crickets are physiologically vulnerable to dehydration stress [39]. 
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Figure 1. Represent diagram of experiment setup. 

2.2.1. Feed Testing Procedures 

Crickets (Acheta domesticus) were sampled by weight to minimize handling stress and ensure 
uniformity. Feed testing was conducted through a three-stage experimental framework (Figure 1): 

1) Feed Preference Assessment 

The first phase involved a full-scale pond trial to evaluate crickets’ preference for different 
individual ingredients (see Section 2.3). The test followed established palatability protocols for insect 
feed evaluation [40], with residual feed mass used to assess acceptability. 

2) BSFL-to-Commercial Feed Ratio Trials 

The second phase used a scaled-down pond (1 m² area) representing approximately one-third 
the size of a standard farmer’s unit to test various mixing ratios of BSFL and commercial feed (see 
Section 2.4). This step replicated real-world farming conditions in a controlled environment to 
determine optimal inclusion rates of BSFL [14]. 

3) Pearson’s Square-Based Feed Formulation 

In the third phase, experimental feed recipes were formulated using the Pearson’s square 
method, aiming for a minimum crude protein content of 21%, equivalent to the commercial control 
feed [27]. This stage focused on mixing BSFL with soybean meal, corn meal, and rice bran to generate 
nutritionally balanced, cost-effective feeds tailored for smallholder cricket farmers (see Section 2.5). 

2.3. Cricket Feed Preference Testing 

Prior to formulating optimized feed mixtures, a feed preference assessment was conducted to 
evaluate the palatability of individual feed ingredients. The goal was to identify components that 
were readily consumed by crickets, thereby minimizing feed residue, which can degrade and release 
ammonia gas—posing health risks and increasing maintenance burdens [34]. Such preference 
evaluations are critical in insect feed formulation studies to enhance feed efficiency and reduce waste 
[40]. The selected ingredients—BSFL, soybean meal, corn meal, rice meal, and fermented cassava 
pulp—were ground into fine powders using a household blender and passed through a mesh sieve 
to ensure consistent particle size. This grinding process is essential for improving feed texture and 
facilitating ingestion [27]. 

For each ingredient, 50 g of the powdered sample was placed in separate containers, each 
housing 21-day-old juvenile crickets (Acheta domesticus), a stage selected for its responsiveness to 
dietary evaluation [34]. Two replicates per ingredient were used.The crickets were allowed to feed 
for 120 minutes, a duration chosen based on prior studies evaluating insect feed preferences. After 
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the feeding period, residual feed was collected and weighed to calculate the percentage of uneaten 
material. Ingredients with the lowest residuals were deemed most acceptable and prioritized for 
inclusion in the subsequent experimental feed formulations. Ingredients with high residuals were 
excluded due to their potential to contribute to waste accumulation and suboptimal pond hygiene 
[39]. 

2.4. BSFL and Commercial Feed Ratio Testing 

To determine the optimal incorporation level of BSFL into a commercial diet, four weight-to-
weight (w/w) blending ratios were tested: 25:75, 50:50, 75:25, and 0:100 (commercial feed only). This 
experimental design was informed by previous studies examining the dietary inclusion of BSFL in 
insect production systems [14,27]. The BSFL powder was prepared using a standardized drying and 
grinding protocol to ensure consistency. Each diet was tested using 500 g of 21-day-old crickets, 
reared in gypsum board ponds of 1 m²—a dimension representative of scaled-down farmer rearing 
units. The feeding regime mimicked practical farming conditions, with rations provided twice daily 
(morning and evening). Feed waste was monitored closely to prevent accumulation, which could 
otherwise result in ammonia buildup and increased mortality [34]. Feed consumption was measured 
throughout the 14-day experimental period, after which the crickets were harvested and weighed. 
Each treatment group was replicated five times to ensure statistical validity. The results provided 
insights into the feed conversion performance and growth responses across different BSFL inclusion 
levels. 

2.5. Practical Cricket Feed Recipe Development 

Following ingredient evaluation and BSFL ratio testing, three cost-effective feed recipes were 
formulated using the Pearson’s square method [27], ensuring each blend met the minimum 21% 
crude protein requirement observed in commercial feeds (see Table 3). The formulations 
incorporated BSFL along with soybean meal, corn meal, rice meal, and commercial feed in varying 
proportions. To assess feed performance across life stages, two groups of crickets were selected: 900 g 
of reproductive-stage crickets (3 weeks old) and 500 g of mature adult crickets. The sample sizes 
reflected differences in average individual weight and ensured proportional stocking across test 
ponds of 1 m² each. Reproductive-stage crickets were expected to have higher feed intake to support 
growth and reproductive development, while adult crickets generally require reduced protein inputs 
and may be supplemented with low-cost plant material. 

All feed trials were conducted under controlled conditions designed to simulate real-world 
cricket farming environments [39]. To ensure repeatability, each recipe was tested three times, and 
performance was benchmarked against a commercial control diet. Key performance indicators 
included feed conversion ratio (FCR) and growth yield, which were monitored until harvest. This 
comparative analysis aimed to identify the most efficient, affordable, and practical feed formulation 
for continuous cricket farming operations [34]. 

2.6. Performance Indicators 

Cricket production involves large-scale rearing, during which crickets undergo multiple molts. 
The molting process renders them physiologically vulnerable, often leading to temporary weight loss 
and increased susceptibility to cannibalism [39]. Consequently, final body weight may increase, 
decrease, or remain unchanged relative to initial body weight, even though overall size typically 
increases during development. 

To assess the nutritional performance of each feed treatment, this study employed three key 
quantitative indicators: 

Feed Conversion Ratio (FCR) measures the efficiency with which crickets convert feed into body 
mass. It is defined as the amount of feed consumed per unit of weight gained during the experimental 
period: 
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𝐹𝐶𝑅 =  𝐹𝑒𝑒𝑑 𝑔𝑖𝑣𝑒𝑛𝐴𝑛𝑖𝑚𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 

In essence, FCR is the mathematical relationship between the input (feed) and the weight gain 
of the cricket population. This metric is commonly used in insect farming to assess feed efficiency 
[14]. 

Efficiency of Conversion of Ingested Food (ECI) quantifies the proportion of ingested feed that 
is successfully converted into body mass, expressed as a percentage: 𝐸𝐶𝐼 =  𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛𝑒𝑑𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 𝑥100 

This indicator reflects nutrient assimilation efficiency, which is critical in evaluating alternative 
feeds like BSFL [34]. High ECI values indicate better conversion of feed nutrients into cricket biomass. 

Yield Weight (Wy) represents the final weight of crickets as a percentage of their initial weight, 
capturing net growth relative to initial biomass: 𝑊௬ =  𝑊௙𝑊௜ 𝑥100 

where Wy is yield weight (%), Wf is final weight of the cricket population (g), and Wi is initial weight 
of the cricket population (g). This indicator was particularly useful for comparing feed efficiency 
across juvenile and adult cricket stages. 

2.7. Data Analysis 

Experimental results from feed preference tests, feed ratio trials, and practical recipe evaluations 
were analyzed using one-way analysis of variance (ANOVA) to detect statistically significant 
differences among treatment means. When significant differences were found (p < 0.05), Tukey’s 
Honestly Significant Difference (HSD) test was applied for post hoc multiple comparisons. All 
statistical analyses were conducted using IBM SPSS Statistics Version 29.0.2.0 (Released 2023, IBM 
Corp., Armonk, NY, USA). 

3. Results 

3.1. Ingredient Feed Preference 

The feeding behavior of Acheta domesticus was monitored over a 120-minute period to assess 
their preference for individual feed ingredients. Feed consumption was visually observed, and the 
residual quantity of each feed type was measured at the end of the test to quantify palatability. The 
results (Figure 2) demonstrated that BSFL were the most preferred ingredient, exhibiting the lowest 
residual amount at 2%. This finding aligns with previous research highlighting the high palatability 
of BSFL due to their elevated protein (up to 45%) and lipid content, which enhance feed attractiveness 
and nutritional quality [27,31]. Commercial feed was the second most consumed, leaving a 9% 
residual, indicating good acceptability among the crickets. 

Studies have emphasized that palatability plays a critical role in feed selection, with ingredients 
high in essential amino acids, digestible protein, and favorable odor profiles being preferred by 
omnivorous insects [42,43]. The preference for BSFL is further supported by its balanced amino acid 
profile and favorable texture post-processing, which improves intake among juvenile and adult 
stages. These results underscore the importance of ingredient selection in feed formulation, 
particularly when aiming to reduce waste and optimize feeding efficiency in mass-rearing systems. 
Moderate preferences were observed for soybean meal and corn meal, which resulted in residuals of 
13.46% and 15.90%, respectively. In contrast, rice meal showed a high residual value of 61.41%, and 
fermented cassava pulp exhibited the highest residual at 76.71%. These elevated residuals suggest 
that crickets were less inclined to consume these ingredients, likely due to their coarse texture, high 
fiber content, and lack of attractive odor, as similarly reported by Rumpold and Schlüter [40]. 
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Previous studies have shown that fiber-rich and poorly digestible feed components negatively affect 
feed palatability and intake behavior in crickets and other insects [34,44]. Furthermore, cassava pulp’s 
low protein density and possible fermentation by-products may deter feeding, especially in juvenile 
stages that require energy-dense and protein-rich diets [45]. 

 

Figure 2. Ingredient residuals from cricket feed preference test. 

Based on these findings, rice meal and fermented cassava were excluded from subsequent feed 
formulations to prevent waste accumulation and degradation, which can negatively affect pond 
hygiene and ammonia levels. In contrast, BSFL, commercial feed, soybean meal, and corn meal were 
identified as the most suitable components for inclusion in cost-effective cricket feed formulations, 
balancing nutritional value with feed acceptability. 

3.2. BSFL and Commercial Feed Combination 

To evaluate the effectiveness of incorporating BSFL into commercial cricket feed, feeding trials 
were conducted on 2-week-old Acheta domesticus over a 15-day period. Each trial started with 500 
grams of live crickets per sample (Table 2), with feed portions adjusted daily based on observed 
consumption behavior. Crickets often reduce intake when feed is oversupplied, a phenomenon 
linked to their selective feeding and preference for novel food sources [39]. Efficient feed intake 
regulation is critical in minimizing waste and optimizing nutrient absorption [34,42]. 

The results demonstrated significant differences in FCR and ECI across feed formulations. The 
FCR for 100% commercial feed was 4.78, indicating that 4.78 g of feed were needed for a 1 g weight 
gain. In contrast, mixtures containing 25% and 50% BSFL yielded lower FCR values of 3.66 and 2.25, 
respectively, signifying improved feed efficiency [27]. The inclusion of BSFL at moderate levels 
enhances feed digestibility and provides a richer protein-lipid profile [43,44]. However, when BSFL 
content increased to 75%, cricket yields declined, and weight loss occurred, rendering FCR and ECI 
calculations not computable ("n.c.") due to final weights being lower than initial weights. This 
observation aligns with previous findings that excessive BSFL inclusion can disrupt nutrient balance 
and lead to metabolic inefficiencies [14,31]. 

ECI results followed a similar trend. The highest ECI was observed at 50% BSFL inclusion 
(44.38%), indicating optimal conversion of feed to body mass. In contrast, commercial feed alone 
resulted in an ECI of 32.21%, reaffirming the efficiency of BSFL-enhanced diets. These findings 
underscore BSFL’s potential as a sustainable and effective feed ingredient, provided inclusion levels 
are optimized to maintain nutrient balance, cost efficiency, and growth performance [45]. 
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Table 2. Composition of BSFL mixed with commercial feed for cricket feeding trials. 

Ratio 
of BSF 

Feeding (g) 
Cricket 
Product 

(g) 

Delta 
Cricket 

product(g) 
FCR ECI (%) 

0 992 565 165 4.78±1.26 32.21±5.39 
25 1121 806 306 3.66±0.53 27.29±2.35 
50 1068 974 474 2.25±0.18 44.38±6.26 
75 889 461 n.c. n.c. n.c. 

n.c.: Not calculable due to final weight being lower than initial weight. 

3.3. Ingredient Ratio Recipes 

Feed formulation using the Pearson’s Square method resulted in three experimental recipes 
based on BSFL, soybean meal, corn meal, and rice meal (Table 3). The formulation targeted a 
minimum protein content of 21%, consistent with commercial feed standards, while reducing cost by 
utilizing readily available local ingredients [27]. BSFL inclusion levels were 15.80%, 20.61%, and 
22.63% in Recipes 1, 2, and 3, respectively, with Recipe 3 formulated entirely without commercial 
feed. 

Maintaining feed quality during storage was a key consideration, with all recipes demonstrating 
moisture contents well below the 13% wet basis (w.b.) threshold recommended for preventing mold 
and spoilage [14]. Moisture levels were 10.14%, 8.25%, and 8.18% w.b. for Recipes 1–3, respectively, 
ensuring long-term stability. This aligns with findings from insect feed stability research, where 
excessive moisture is linked to microbial contamination risks [46]. In terms of cost-effectiveness, the 
results showed clear advantages over the commercial control (Recipe 4), which currently retails at 21 
THB/kg. Cost savings were estimated at 36.58%, 33.25%, and 40.71% for Recipes 1, 2, and 3, 
respectively. The incorporation of BSFL and regionally sourced components significantly reduced 
dependency on commercial inputs without compromising nutritional quality—a trend also reported 
in recent evaluations of insect-based feeds [44,47]. 

Table 3. Ingredient ratios for cricket feed recipes (100 kg total weight basis). 

Feed ratio (%) 
Recipe 

1 
Recipe 

2 
Recipe 

3 
Recipe 

4*  
BSFL powder 15.80 20.61 22.63  

Soybean meal 19.98 14.56 15.99  

Corn meal 31.61 29.12 31.97  

Rice meal 21.74 17.86 29.41  

Commercial feed 10.87 17.86 - 100.00 
Total weight (kg) 100.00 100.00 100.00 100.00 
Moisture content (%w.b.) 10.14 8.25 8.18 7.41 
Reduce cost (%) 36.58 33.25 40.71 - 

* Note: Recipe 4 is the commercial feed control used for comparison. 

3.4. Performance of Crickets Fed Different Recipes 

Figure 3 presents the results of feeding trials comparing the growth performance of juvenile and 
adult Acheta domesticus reared on three experimental feed recipes against a commercial feed (Recipe 
4). Juvenile crickets fed Recipe 2 achieved the highest yield at 99.89% of their initial weight, 
marginally surpassing the yield from commercial feed (99.56%). This performance is attributed to 
Recipe 2’s optimal nutrient profile, which included 24.9% crude protein and 8.3% fat, levels that 
support rapid juvenile growth and development [31,42]. Recipes 1 and 3 resulted in slightly lower 
yields of 96.11% and 95.89%, respectively. 
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Figure 3. Yield weight ratio (%) of juvenile and adult crickets fed different recipes. 

For adult crickets, yields were generally lower due to reduced feed intake and elevated ambient 
temperatures (35–40°C) during the trial period, which are known to suppress feeding activity and 
growth in ectothermic insects [48]. Nevertheless, Recipe 2 again outperformed the other formulations, 
achieving a yield of 91.0% compared to 87.53% from the commercial control. The consistent superior 
performance of Recipe 2 across both age groups highlights its balanced nutrient profile, cost-
effectiveness, and suitability for practical farm applications [47]. 

Figure 4 illustrates the feed-to-weight gain ratios for each recipe. Juvenile crickets exhibited 
higher feed consumption relative to their body weight, ranging from 1.43 to 1.57 g of feed per gram 
of body weight gained, reflecting their intense anabolic phase. In contrast, adult crickets consumed 
only 0.60 to 0.70 g/g, as their metabolic rate and growth slow after maturity [10]. Notably, Recipe 2 
again proved the most efficient, requiring only 1.44 g of feed per gram of juvenile weight gain, versus 
1.57 g for commercial feed. This reflects improved feed conversion efficiency, an essential parameter 
for sustainable insect production [44]. 
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Figure 4. Feed per final weight ratio for juvenile and adult crickets across feed recipes. 

These findings corroborate prior studies, including Miech et al.[34], who reported suboptimal 
growth in crickets fed high-fiber, poorly digestible diets. Halloran et al. [39] similarly emphasized the 
need for well-balanced insect diets to avoid metabolic inefficiencies and growth suppression. 
Therefore, Recipe 2 emerges as a nutritionally and economically viable alternative to commercial 
cricket feed, especially for small- to medium-scale insect farming operations in tropical climates. 

4. Discussion 

This study investigated the economic viability and biological performance of locally formulated 
cricket feed, emphasizing BSFL as a sustainable and cost-effective protein source. The findings 
highlight several critical insights regarding feed preference, feed conversion efficiency, and growth 
performance in Acheta domesticus. Cricket feed preference testing revealed that BSFL powder was the 
most palatable among tested ingredients, followed by commercial feed and soybean meal. These 
findings align with Newton et al. [27], who reported that BSFL possess high levels of digestible 
protein and lipid content, enhancing palatability and growth response in insect larvae [27,28]. 

Ingredients such as fermented cassava and rice meal, which had significantly higher residual 
levels, were deemed unsuitable due to their low preference and risk of promoting feed spoilage and 
ammonia accumulation. This supports similar observations in tropical insect farming where substrate 
choice impacts both feeding behavior and hygienic rearing conditions [24,34]. The feed ratio 
experiments demonstrated that partial substitution of commercial feed with BSFL significantly 
improved FCR and ECI. Specifically, a 50% inclusion of BSFL reduced the FCR from 4.78 to 2.25 and 
increased the ECI from 32.21% to 44.38%. These results suggest improved feed assimilation, likely 
due to the high bioavailability of BSFL nutrients [14,40,44]. However, a 75% inclusion of BSFL led to 
reduced final weight, consistent with prior studies warning that high-fat insect meals may result in 
nutritional imbalances or impaired gut physiology [39,42]. 

When evaluating full feed recipes formulated using the Pearson’s square method, Recipe 2, 
which included 20.61% BSFL and 17.86% commercial feed, emerged as the most promising 
formulation. It supported the highest yield in both juvenile (99.89%) and adult crickets (91.00%) while 
also offering a 33.25% cost reduction compared to commercial feed. The nutritional profile of Recipe 
2, particularly its elevated protein (24.9%) and fat (8.3%) content, appears well-aligned with crickets’ 
metabolic demands during growth and reproduction [41,43]. These findings validate the use of BSFL 
as a cost-saving and performance-enhancing component in insect feed. Age-dependent feeding 
behavior was also evident. Juvenile crickets consumed more feed per unit weight gain than adults, 
reflecting their higher anabolic demand for tissue growth. Similar trends were observed by Halloran 
et al. [39] and Kipkoech et al. [20], who noted that feed efficiency typically peaks in younger crickets 
and declines post-maturity. Importantly, environmental conditions—specifically high ambient 
temperatures during the trial (35–40°C)—likely impacted growth, particularly in adult crickets. 
Elevated temperatures can induce heat stress, reduce feeding behavior, and increase mortality rates 
[10,34], which may explain the near-zero or negative net weight gains in certain trials. 

Overall, this research contributes to the growing body of literature on sustainable insect farming 
by demonstrating that locally formulated feeds incorporating BSFL can achieve comparable or 
superior performance to commercial feeds while significantly reducing production costs. These 
findings have important implications for smallholder farmers and agripreneurs in resource-limited 
settings, particularly in tropical regions such as Southeast Asia. 

5. Conclusions 

This study demonstrated the feasibility of formulating cost-effective and nutritionally balanced 
cricket feed using locally available ingredients, particularly Black Soldier Fly Larvae (BSFL), as a 
substitute for expensive commercial feed. The feed preference trials confirmed BSFL as the most 
palatable ingredient, while performance evaluations showed that a 50% inclusion of BSFL 
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significantly improved feed conversion ratio (FCR) and efficiency of conversion of ingested food 
(ECI), without compromising cricket yield. Among the tested formulations, Recipe 2—containing 
20.61% BSFL and 17.86% commercial feed—emerged as the most efficient and economical, achieving 
the highest growth yields for both juvenile and adult crickets. This formulation not only met the 
nutritional needs of Acheta domesticus but also reduced feed costs by over 33%, highlighting its 
practical utility for small-scale and semi-industrial cricket farming. 

The findings reinforce the potential of BSFL-based feeds as a sustainable alternative in insect 
farming systems and provide a valuable reference for developing localized feed solutions that 
enhance economic viability while maintaining or improving production outcomes. Future research 
should further explore seasonal variability, reproductive performance under optimized diets, and 
the integration of additional agro-industrial by-products to maximize sustainability and resilience in 
cricket farming. 
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