


Optimizing Nutritional Regimes for Sustainable Weight Gain in House Crickets (Acheta domesticus) for Food Security
ABSTRACT
The increasing global demand for sustainable food production necessitates innovative solutions that minimize environmental impact while addressing food security challenges. Conventional livestock feed sources, such as soybean and fishmeal, exacerbate ecological issues, prompting the exploration of alternative protein sources. House crickets (Acheta domesticus) offer a sustainable alternative due to their high nutritional value, efficient feed conversion, and low resource requirements. This study evaluates the effects of five distinct dietary regimens viz., high protein, balanced, high carbohydrate, low nutrient, and control; on the weight gain of A. domesticus. The results indicate that a high-protein diet significantly enhances growth, followed by balanced and high-carbohydrate diets. These findings underscore the potential of optimizing cricket nutrition to enhance productivity while leveraging agricultural by-products as feed inputs. By identifying optimal feeding strategies, this research contributes to scalable, eco-friendly cricket farming practices, promoting sustainable agriculture and addressing critical food security goals.
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INTRODUCTION
Global population growth and rising protein demand have placed unprecedented pressure on food production systems, necessitating innovative solutions to ensure food security while addressing environmental challenges. Conventional livestock farming, which supplies the majority of global protein needs, contributes significantly to greenhouse gas emissions, land degradation, and water pollution. For instance, livestock accounts for nearly 14.5% of all anthropogenic greenhouse gas emissions, with beef production requiring 15,000 liters of water per kilogram of meat produced (FAO, 2021). This unsustainable model underscores the urgency of finding alternative protein sources that are both environmentally friendly and economically viable. 
Insects, particularly crickets, have emerged as a promising solution to these challenges. As a model organism, the house cricket (Acheta domesticus) has garnered significant attention for its potential in sustainable protein production. Crickets boast high feed conversion efficiency, requiring substantially less water, land, and feed compared to conventional livestock. They can also thrive on agricultural by-products, further reducing waste and environmental impact. Studies have shown that cricket farming produces 100 times fewer greenhouse gas emissions than cattle farming and requires less than 2 litres of water per kg of biomass produce (Van Huis, 2013).
This aligns with the United Nations Sustainable Development Goals (SDGs), particularly Goal 2: Zero Hunger, which emphasizes the need for sustainable food production systems, and Goal 13: Climate Action, which calls for measures to combat climate change. By integrating crickets into food and feed systems, there is significant potential to enhance global food security while mitigating environmental harm. 
The nutritional composition of A. domesticus is another key factor contributing to its value as an alternative protein source. Rich in proteins, essential amino acids, and micronutrients, crickets are versatile for both human consumption and animal feed. However, their growth and development are heavily influenced by diet composition. Previous studies indicate that protein-rich diets improve growth, nutrient profiles, and reproductive success in crickets (Oonincx et al., 2015; Finke, 2016). Despite these advancements, there remains a need to optimize dietary formulations to maximize productivity and scalability in cricket farming.
This study investigates the impact of various nutritional regimes on the growth of A. domesticus, focusing on weight gain as a measurable parameter. By identifying optimal dietary strategies, this research aims to contribute to the broader adoption of cricket farming as a sustainable solution to global food security and environmental challenges. 
MATERIALS AND METHODS
Insect rearing:
Test insects (Acheta domesticus) were collected from natural habitats using aspirators and hand-picking methods and transferred to rearing containers under controlled conditions to minimize stress and mortality. Crickets were reared in a BOD incubator set at 32°C, 60% relative humidity, and a 12:12 light-dark cycle to provide optimal growth conditions. The feed consisted of sterilized whole wheat grains and pulses, which were prepared by heating at 60°C for 5 hours to eliminate contaminants, then broken into smaller pieces using a grinder. The diet was supplemented with freshly chopped vegetables and fruits, such as carrots, bottle gourd, apple and oranges to provide nutrition, and water was provided using water-soaked sponges to prevent drowning. Feed and water sources were replaced regularly to maintain hygiene and reduce microbial contamination.
Adult crickets were transferred into egg-laying large containers made of plastic and lid covered with fine mesh gauze to facilitate ventilation. A small shallow container filled with vermiculite was placed inside the container as an oviposition substrate. After 24–48 hours, the container containing freshly laid eggs was removed to prevent egg cannibalism by adults and was transferred to clean incubation containers. Eggs were incubated at 30–32°C and 70–80% relative humidity, and hatching was observed within 10–14 days. Newly hatched nymphs were carefully separated from the substrate using a soft brush and transferred to experimental rearing containers.
Experimental design: 
The study was conducted at Entomology lab, Department of Agriculture, IIAST, Integral University, Lucknow to evaluate the impact of various nutritional regimes on the weight gain of house crickets, A. domesticus. The experimental was conducted in completely randomized design (CRD) with five diet treatments including control and three replications. The details of different diet treatments viz., high protein, balanced, high carbohydrate, low nutrient, and control are given in Table 1. 
Table 1. Different diet treatments used in the study.
	Sl. No.
	Diet Group
	Protein Source
	Carbohydrate Source
	Fat Source
	Other Components

	1
	High Protein Diet (HPD)
	40% Soybean meal
	40% Ground cereals (20% Wheat+10% Barley+10% Oats), 20% Corn meal
	20% Vegetable oils (10% Soybean oil+ 10% Sunflower oil)
	

	2
	Balanced Diet (BD)
	30% Soybean meal
	50% Ground cereals (25% Wheat+15% Barley+ 10% Oats)
	20% Vegetable oils (10% Soybean oil+10% Sunflower oil)
	

	3
	High Carbohydrate Diet (HCD)
	20% Soybean meal, 20% Pea protein isolate
	70% Ground cereals (25% Wheat+15% Barley+ 10% Oats+20% Corn meal)
	10% Vegetable oils (5% Soybean oil+5% Sunflower oil)
	

	4
	Low Nutrient Diet (LND)
	10% Soybean meal, 10% Pea protein isolate
	50% Ground cereals (25% Wheat+15% Barley+ 10% Oats+40% Corn meal) 
	-
	40% Indigestible fiber (Microcrystalline Cellulose)

	5
	Control Diet
	Standard commercial cricket feed with balanced nutrient composition
	
	
	


Experimental procedure:
Each diet treatment was assigned with 50 Acheta domesticus nymphs of uniform size and age (instar), receiving a specific diet formulation over a period of six weeks. Each treatment was housed in separate plastic containers with dimension 45.8 × 34 × 26 cm, which were equipped with cardboard egg crates for shelter and maintained at temperature between 27 °C and 30 °C with 12-hour light and 12-hour dark cycle. Nymphs in each treatment were fed ad libitum, constant access to food and water throughout the experiment and food consumption was recorded to ensure consistent intake across groups. The Weight measurements were taken weekly using Atom high precision electronic balance.
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Fig. 1 Demographic representation of experimental unit
Data Analysis:
The data were subject to analysis of variance (ANOVA) to determine the significance of differences in weight gain among the different diet treatments. 
RESULTS
Table 1: Average Weight Gain (g) of Acheta domesticus across Different Diets. 
	Week
	HPD
	BD
	HCD
	LND
	Control

	1
	0.10 ± 0.02
	0.08 ± 0.01
	0.07 ± 0.01
	0.04 ± 0.01
	0.09 ± 0.02

	2
	0.21 ± 0.03
	0.18 ± 0.02
	0.15 ± 0.02
	0.08 ± 0.01
	0.20 ± 0.03

	3
	0.33 ± 0.04
	0.28 ± 0.03
	0.22 ± 0.02
	0.12 ± 0.02
	0.31 ± 0.03

	4
	0.45 ± 0.05
	0.37 ± 0.04
	0.28 ± 0.03
	0.15 ± 0.02
	0.40 ± 0.04

	5
	0.57 ± 0.06
	0.46 ± 0.04
	0.33 ± 0.03
	0.18 ± 0.02
	0.50 ± 0.05

	6
	0.70 ± 0.07
	0.55 ± 0.05
	0.38 ± 0.04
	0.20 ± 0.02
	0.60 ± 0.06

	Mean
	0.525
	0.471
	0.395
	0.21
	0.405

	SD
	0.22
	0.18
	0.12
	0.06
	0.19

	SEM
	0.0917
	0.0716
	0.0472
	0.0248
	0.0773

	Coefficient
	0.05
	0.03
	-0.01
	-0.04
	-0.01



The descriptive statistics reveal variations in weight gain among different dietary regimes over a 6-week duration. The high protein diet treatment (HPD) demonstrated the highest average weight gain of 0.525 g, highlighting the substantial influence of a protein-rich diet on growth. In contrast, the balanced diet treatment (BD) exhibited moderate and consistent weight gain, albeit with some variability, suggesting stable yet less pronounced effects compared to the HPD. Diets that were high in carbohydrates resulted in diminished growth, underscoring the limited efficacy of carbohydrates alone. The minimal weight gain observed in the low nutrient diet treatment (LND) emphasized the critical importance of a nutrient-dense diet. The Control diet served as a reference point, indicating adequate but suboptimal growth when compared to protein-rich and balanced dietary options.
The regression analysis, using the Control Diet as the reference, indicates that time significantly contributed to weight gain, with weight increasing by 0.062 g per week. The high protein diet treatment (HPD) showed the most pronounced effect, resulting in an additional 0.05 g per week compared to the control. The balanced diet treatment (BD) provided moderate benefits, with a 0.03 g weekly increase over the control, while the high carbohydrate diet treatment (HCD) was slightly less effective, reducing weight gain by 0.01 g per week compared to the control. The low nutrient diet treatment (LND) had the most detrimental impact, leading to a 0.04 g reduction in weekly weight gain compared to the control. 
DISCUSSION
The present study highlights the critical role of diet composition in the growth and development of A. domesticus, particularly emphasizing the superior performance of high-protein diets (HPD). The observed weight gain with HPD aligns with findings by Oonincx et al. (2015), who reported that high-protein diets enhance the protein, fat, and mineral content in crickets, contributing to superior growth and nutritional quality. Similarly, Finke (2016) demonstrated that protein-rich and balanced diets optimize growth efficiency and nutrient profiles. Adamo et al. (2017) further supported these findings by showing that high-protein diets improve the immune responses and overall health of crickets, indicating their broader physiological benefits.
Contrastingly, our results show that a high carbohydrate diet (HCD) supported moderate growth, while a low-nutrient diet (LND) resulted in significantly reduced weight gain. These findings are consistent with studies done by Miech et al. (2018), who found that high-carbohydrate diets do not match the health and growth benefits provided by protein-rich alternatives. Raubenheimer and Simpson (2020) also highlighted the importance of macronutrient balance, showing that protein-deficient diets hinder growth and reproduction in crickets. 
From a sustainability perspective, Lundy and Parrella (2017) and Nguyen et al. (2023) underscored the potential of using agricultural by-products as feed, which can maintain growth rates while reducing environmental impact. Such findings provide practical insights for cost-effective and eco-friendly cricket farming. Moreover, studies by Belluco et al. (2018) and Dobermann et al. (2020) reinforce the significance of optimized feeding strategies in ensuring sustainable farming practices, including enhanced feed-to-protein conversion ratios.
Lastly, micronutrient supplementation also emerged as an influential factor. Van der Spiegel et al. (2021) demonstrated that adding vitamins and minerals to diets further improves growth and reduces mortality, emphasizing the holistic approach needed for optimized rearing conditions. Together, these findings provide comprehensive support for the importance of nutrient-dense diets in maximizing the growth, health, and sustainability of cricket farming systems.
CONCLUSION
The study highlights the potential of Acheta domesticus farming as a sustainable solution to global food security challenges. Protein-rich and balanced diets significantly enhance cricket growth, making cricket farming an eco-friendly alternative to traditional livestock, with lower resource requirements such as land, water, and feed. The ability to use agricultural by-products in cricket diets further promotes sustainability and resource efficiency, contributing to a circular economy.
Future research focus is on refining diet formulations, optimizing productivity, and exploring the lifecycle environmental impacts of cricket farming. Policy support, including incentives for sustainable practices and promoting alternative proteins, can drive the adoption of cricket farming as part of broader strategies to achieve the United Nations Sustainable Development Goals, particularly those related to food security and climate action.
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