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Abstract: This study unveils a novel approach toward sustainable protein production and waste management by 
investigating the utilization of coffee grounds as a nutrient source for Tenebrio molitor larvae. This research is a pioneering 
exploration in response to pressing protein shortages, food waste, and food security challenges. The study employs an 
entirely randomized experimental design, comprising five treatment groups and one control group; each replicated thrice. 
Notably, the study amalgamates cutting-edge data mining techniques through the Scopus database to elucidate the existing 
research landscape around Tenebrio molitor. This exploration underscores the insect's pivotal role as a prospective 
alternative protein source. The experimental findings, a core contribution, discern that T1, a blend of 5% coffee grounds and 
95% substrate, yields the most significant mass gain in larvae over the initial 7-day phase, surpassing the control group. 
However, an intriguing revelation follows: specific treatments experience subsequent weight loss, emphasizing the 
significance of strategic larval harvesting and processing. These collective results underscore Tenebrio Molitor's potential as 
an innovative protein source while spotlighting coffee grounds as a valuable larval growth catalyst. This study forges a path 
towards sustainable protein solutions, elucidating the dynamic interplay between Tenebrio molitor, coffee grounds, and their 
promising role in addressing food security concerns, particularly in socioeconomically challenged regions. 
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1. INTRODUCTION 
 

In the dynamic tapestry of contemporary challenges, science is a paramount ally poised to unveil innovative 
solutions. The pressing imperatives surrounding sustainable protein production and adept waste management 
have attained paramount importance due to the escalating global populace and the intensifying ecological 
strains. To navigate this complex milieu, the amalgamation of inventive viewpoints and interdisciplinary 
endeavors becomes practical and imperative (1–4). 
In this intricate landscape, the synergistic potential inherent in Tenebrio molitor larvae and coffee grounds 
illuminates as a harbinger of innovation. The astute harnessing of residual streams for protein biosynthesis and 
the reduction of food waste seamlessly aligns with the fundamental tenets of green chemistry and sustainable 
frameworks. As is discerned from the literature citations, which collectively unveil pioneering applications 
spanning diverse spheres, our study sets sail on a voyage to delineate hitherto uncharted dimensions within the 
expansive realm of sustainability. 
In a profound exploration into the intricacies of symbiotic interactions meticulously choreographed between 
insect larvae and organic residues, our inquiry fundamentally redefines the contours that encapsulate the 
domain of protein acquisition and waste valorization. Through this scientific odyssey, we not only furnish a 
responsive strategy to contemporary predicaments but also embark upon a transformative journey characterized 
by pioneering methodologies that carry the potential to redefine the trajectory of sustainable food systems in the 
future. 
The pertinence of our study is accentuated by the backdrop of Brazil's commanding stature as the world's 
premier coffee producer and exporter. The United States and Germany stand as principal destinations for this 
globally coveted commodity, closely followed by Italy, Belgium, and Japan. In 2022, Brazil's coffee exports 
reached an impressive 2.2 million tons, equivalent to 39.4 million coffee bags. The expansive canvas of coffee 
cultivation spans over 2.25 million hectares, enveloping around 1900 municipalities across Brazil. Mirroring this 
expansive production, global coffee consumption has burgeoned to approximately 175.6 million bags within 
2021/22, with projected growth to 178.5 million bags in the following year, 2022/23. This growth, representing a 
remarkable 51.41% increase since 1990, when consumption stood at 90.28 million bags, underscores coffee's 
indomitable global allure (5). 
However, beneath the veneer of this thriving industry, a significant volume of coffee residues, such as leaves, 
pulp, and husks, is generated at each stage, encompassing harvesting, processing, and consumption. Among 
these by-products, the husk and pulp materialize as predominant residues yielded during coffee processing, 
contributing to an appreciable 30% to 50% of the coffee volume (6). 
Against the backdrop of this copious waste generation, the study's focal point lies in assessing the capacity of 
coffee grounds to serve as a substrate for Tenebrio molitor larvae. Coffee grounds, an insoluble waste 
generated through hot water extraction during coffee preparation, are currently grappling with the absence of 
commercial value, relegating them to commonplace disposal practices. Nevertheless, contemporary endeavors 
driven by environmental consciousness have bestowed newfound significance on coffee grounds, positioning 
them as potential reservoirs of industrially pertinent compounds. This awakening to their latent value 
underscores the necessity to examine their potential for degradation through Tenebrio molitor larvae (7). 
The amount of residual coffee biomass generated in coffee shops, restaurants, households, and other locations 
needs to be better documented due to the difficulty of quantifying this type of waste in different places (8, 9). 
This study evaluates coffee grounds' degradation capacity by Tenebrio molitor larvae. 
The composition of coffee (10, 11) pulp and husk can vary depending on the processing method, efficiency, 
coffee variety, and cultivation conditions, including soil type (Pandey et al., 2000). The constituents of coffee 
pulp and husk, expressed as a percentage of dry weight, include approximately 50% carbohydrates, 10% 
proteins, 18% fiber, 2.5% caffeine, 1.3% tannins, and 1.8% polyphenols (12). These values serve as a general 
reference, but it's essential to consider that the actual composition percentage may differ based on specific 
circumstances and coffee production changes. 
The significant amount of waste generated in coffee production necessitates a waste management plan. 
Tenebrio molitor, an insect from the Coleoptera order and commonly known as the mealworm, infests stored 
grains and their by-products, making it a pest of grains (13). Its nutritional diet is based on low-density cereal 
bran with soft consistencies and devoid of moisture, requiring the presence of amino acids for the production of 
structural proteins and enzymes. The value of any protein an insect ingests depends on its amino acid content 
and its ability to digest it (14, 15). 
The standard diet for Tenebrio molitor is wheat bran (16), which serves as an excellent protein source for the 
insect (14). However, it has the potential to feed on organic residues of low commercial value, such as flours, 
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cereals, leaves, coffee grounds, and decaying vegetables, and convert them into biomass rich in proteins 
(approximately 50%), essential fatty acids, vitamins, and minerals. For this reason, their larvae are considered 
an alternative source of protein for human and animal food (17–26), according to the thresholds for the World 
Health Organization and Food and Agriculture Organization of the United Nations food labels  (27). 
Therefore, coffee processing residues can be considered as an alternative feed source for Tenebrio molitor as 
they contain various amino acids, such as Alanine, Arginine, Cystine, Aspartic Acid, Leucine, Tyrosine, and 
Leucine, among others (28). 
 Several studies indicate that Tenebrio molitor can be used as an alternative source of protein for both human 
and monogastric animal consumption (15, 29–37). The nutritional profile of mealworms has been compared with 
conventional meats, revealing that mealworms have a significantly higher nutritional value than beef and chicken 
and are not significantly less nutritionally balanced. They also provide a good source of all essential amino acids 
(32, 38–45). Considering large-scale insect production for human consumption, the costs associated with 
Tenebrio molitor production must be considered. After labor, the most significant insect production cost is their 
diet (46). Therefore, in light of this issue, our study resonates as a vital exploration into the uncharted 
dimensions within the synergy between Tenebrio molitor larvae and coffee grounds. It threads the complex 
sustainability net, addressing pressing challenges while championing transformative methodologies poised to 
reshape the contours of sustainable food systems for posterity. 
 
 
 
2. MATERIALS AND METHODS 
2.1 Data Mining 
The Scopus database was queried to investigate the volume of scientific publications on Tenebrio molitor. A 
comprehensive analysis was conducted using the search term "Tenebrio molitor" AND (LIMIT-TO (DOCTYPE, 
''ar'')). The data from the Scopus database was exported in RIS format. The RIS files were analyzed using 
VOSviewer with predefined and utilized automated settings. For a more detailed analysis, a Python script was 
developed to analyze the TXT files generated by VOSviewer. This script utilized various libraries and modules 
for data analysis and visualization, including NumPy (for numerical computations), Pandas (for data 
manipulation), Matplotlib (for plotting), Kaleido (for exporting plots), Plotly (for interactive plots), PIL (for image 
processing), and Seaborn (for statistical graphics). Additionally, IPython.display (for displaying rich media), 
Plotly.express (for high-level plotting), and Statsmodels.stats.multicomp.pairwise_tukeyhsd (for multiple 
comparisons) modules were employed. This methodology was presented elsewhere (47). 
 
2.2 Collection of Residual Material 
The coffee used for the experiment was Pilão® (composed of approximately 70% Arabica and 30% Robusta 
beans, with a grain size <9.5 mm). To ensure the accuracy of the experiment, the coffee grounds were collected 
immediately after the coffee was prepared, ensuring freshness. A comprehensive sampling strategy was 
employed to ensure the representation of the residual material's chemical composition. Four samples were 
meticulously collected from the pile/heap of residual material from the top, middle, and base areas surrounding 
the pile/heap. These samples were transported to the Multidisciplinary Waste Management Laboratory (LMGR) 
at IFRJ-CDUC for further analysis. An in-depth analysis of the samples was carried out, involving disaggregation 
and drying. The samples underwent a controlled drying process in an oven maintained at a constant 
temperature of 80 ± 5ºC until they reached nearly 0% moisture content, ensuring absolute dryness. This rigorous 
process allowed accurate measurements of the samples' dry matter mass. 
 
2.3 Test Organism 
The test organism for the degradation experiment was adult larvae of Tenebrio molitor. These larvae were 
sourced from a reputable producer and maintained under controlled laboratory conditions. The larvae were 
approximately 50 days old, measuring around 48 mm long, with an average weight of 0.89 g. To ensure the 
integrity of the study, the larvae were used directly without any pre-treatments. The cultivation substrate utilized 
in the study was a blend of food-grade components, including wheat bran, cornmeal, breadcrumbs, and oats. 
These components were employed in a precise weight ratio of 3:1:1:1. Importantly. They were sourced in their 
food-grade form and used as received without any alterations. The choice of food-grade materials maintains the 
experiment's integrity and underscores the findings' applicability to real-world scenarios. This attention to detail 
in the material selection and handling ensures the experimental results' accuracy and reliability. 
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2.4 Degradation Test 
In the study, four Tenebrio molitor larvae were placed in plastic containers (95 mm in diameter and 50 mm in 
height) along with the cultivation substrate's mass and coffee grounds' mass. The containers were then sealed. 
The environmental conditions for the test were a temperature of 26 ± 2ºC and a photoperiod of 12 hours light/12 
hours dark. The experimental period lasted for 14 days. 
A completely randomized experimental design was adopted, consisting of five treatments for the test group and 
one control group. Three replicates were used for all treatments (6x3). The tested treatments in the test group 
were: T1 (1 g (5%) coffee grounds + 19 g substrate), T2 (3 g (15%) coffee grounds + 17 g substrate), T3 (5 g 
(25%) coffee grounds + 15 g substrate), T4 (10 g (50%) coffee grounds + 10 g substrate), T5 (only 20 g (100%) 
coffee grounds). The control group (TC) consisted of 20 g substrate only. 
 
2.5 Evaluation of Test Organism 
The average weight was assessed at seven and fourteen days. At the end of the experimental period, the 
mortality of the individuals was also evaluated for each treatment. 
 
2.6 Statistical Analysis 
The data were subjected to analysis of variance (ANOVA), and means were compared using Tukey's test at a 
5% significance level (48, 49), using the STATISTICA 10 software, and the graph was created using SigmaPlot 
12.5 software. 
 
3. RESULTS AND DISCUSSION   
Correlation between Total Link Strength (TLS) and Occurrences: 
Analyzing Total Link Strength (TLS) and Occurrences in Vosviewer provides valuable insights into the 
significance of individual elements or terms within the network. TLS represents the total number of links between 
two items, while Occurrences indicate the frequency of appearance of a specific term or item in the dataset. 
Understanding the relationship between TLS and occurrences is crucial for comprehending the relationships and 
importance of elements or terms in the research area. 
The calculated R² value of 0.928 indicates a high correlation between Total Link Strength and Occurrences. This 
suggests that items with high occurrence counts are closely associated with other items in the network, 
indicating their central importance in the research area.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Scatter plot: Total Link Strength vs Occurrences. 
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Data from Main Terms per Cluster: 
 Figure 2 shows the result of the VOSviewer analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 2. Clusters extracted from Scopus database regarding Tenebrio molitor 
 
In Cluster 1, the prominent terms are ratio, edible insect, feed, weight, and diet. These terms occur 158, 168, 
186, 187, and 419 times, respectively. The average publication years for these terms are 2013.7, 2019.5, 
2018.8, 2008.9, and 2014.1, respectively. This cluster focuses on topics related to the ratio of edible insects in 
feed and their impact on weight and diet. The research in this cluster has been more recent, with publications 
spanning from 2008 to 2019. 
In Cluster 2, the main terms include vitro, residue, region, peptide, and sequence. These terms occur 144, 148, 
151, 153, and 175 times, respectively. The average publication years for these terms are 2000.6, 2008.8, 
2002.4, 2008.4, and 2004.8, respectively. This cluster revolves around in vitro studies, residues, regional 
aspects, peptides, and sequences. The research in this cluster has a longer timeline, with publications ranging 
from 2000 to 2008. 
Cluster 3 comprises the main terms egg, male, host, strain, and female. These terms occur 135, 144, 150, 160, 
and 208 times, respectively. The average publication years for these terms are 2004.4, 2005.0, 2008.7, 2011.7, 
and 2003.0, respectively. This cluster focuses on characteristics related to the egg, male and female individuals, 
hosts, and strains. The research in this cluster spans a period from 2003 to 2011. 
In Cluster 4, the main terms are pathogen, mealworm beetle, infection, expression, and gene. These terms occur 
116, 127, 178, 196, and 216 times, respectively. The average publication years for these terms are 2015.8, 
2005.6, 2010.3, 2011.6, and 2013.2, respectively. This cluster revolves around studying pathogens, mealworm 
beetles, infections, gene expression, and genes. The research in this cluster spans from 2005 to 2015, focusing 
on more recent publications. 
Cluster 5 consists of the main terms bran, spectroscopy, polystyrene, biodegradation, and frass. These terms 
occur 39, 46, 55, 55, and 62 times, respectively. The average publication years for these terms are 2013.8, 
2014.9, 2020.6, 2021.1, and 2016.8, respectively. This cluster centers around topics such as bran, 
spectroscopy, polystyrene, biodegradation, and frass. The research in this cluster includes more recent 
publications, ranging from 2013 to 2021. 
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Data from Recent Terms per Cluster: 
 
Data from the respective ages of the nodes are gathered in Figure 3. Within Cluster 1, the recent terms of focus 
include circular economy, total phenolic content, Dicentrarchus labrax, final body weight, and chewiness. These 
terms occur 12, 10, 14, 12, and 11 times, respectively. The average publication years for these terms are 
2021.8333, 2021.3, 2021.2857, 2021.25, and 2021.0909, respectively. This cluster focuses on recent topics 
such as the circular economy, total phenolic content, and their relationship with Dicentrarchus labrax (a fish 
species). It also explores factors like final body weight and chewiness. The average publication years indicate a 
current interest in these subjects.  
In Cluster 2, the recent terms encompass Tenebrio molitor antifreeze protein, Zophobas atratus, PCR, target, 
and z atratus. These terms occur 15, 26, 37, 29, and 13 times, respectively. The average publication years for 
these terms are 2015.1333, 2014.6923, 2014.4595, 2013.8276, and 2013.0769, respectively. This cluster 
revolves around recent topics such as Tenebrio molitor antifreeze protein, the species Zophobas atratus, PCR 
(Polymerase Chain Reaction), and target analysis. These terms indicate a focus on molecular studies and 
specific organisms. The average publication years suggest ongoing research in this field. 
Cluster 3 highlights recent terms such as EPF, negative impact, Beauveria, molecular identification, and non-
target organism. These terms occur 12, 14, 18, 11, and 13 times, respectively. The average publication years for 
these terms are 2021.0, 2020.5, 2019.3889, 2019.1818, and 2019.0769, respectively. This cluster highlights 
recent terms such as EPF (Entomopathogenic Fungi), negative impact, Beauveria (a genus of fungi), molecular 
identification, and non-target organism. These terms indicate a focus on research's ecological and molecular 
aspects, including the study of interactions between organisms. The average publication years suggest active 
research in this area. 
Within Cluster 4, the recent terms of interest are AMP gene, antimicrobial activity, expression level, microbe, and 
fungal infection. These terms occur 11, 17, 23, 15, and 16 times, respectively. The average publication years for 
these terms are 2020.0, 2018.8824, 2018.8696, 2018.8, and 2018.75, respectively. This cluster revolves around 
recent terms such as AMP (Antimicrobial Peptide) gene, antimicrobial activity, expression level, microbe, and 
fungal infection. These terms focus on studying the antimicrobial properties, gene expression, and interactions 
with microbes and fungal infections. The average publication years suggest research conducted in the past few 
years. 
Cluster 5 presents recent terms, including polyvinyl chloride, plastic degradation, polyethylene, low-density 
polyethylene, and plastic. These terms occur 10, 12, 24, 10, and 38 times, respectively. The average publication 
years for these terms are 2022.0, 2021.9167, 2021.6667, 2021.5, and 2021.4211, respectively. This cluster 
centers around recent terms such as polyvinyl chloride, plastic degradation, and different types of polyethylene. 
These terms indicate a focus on studying plastics' characteristics, degradation, and environmental impact. The 
average publication years suggest ongoing research in this field, with recent contributions. 
These primary characteristics provide insights into the current focus areas and trends within each cluster, 
highlighting the specific topics and publication patterns associated with each one. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 3. Overlay data from scopus database regarding Tenebrio molitor 
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Data from Top five pairs of terms depending on the value of LSBI: 
 Analysis of the top five pairs of terms based on their Link strength between items (LSBI) values reveals 
interesting relationships and associations within the dataset (see Figure 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Top five nodes per cluster from Scopus database regarding Tenebrio molitor 
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The first pair consists of the terms 'female vs. male.' These terms, with origins in 2003.03 (t.1) and 2005.01 (t.2), 
respectively, share a high LSBI value of 105. They are closely connected, indicated by a small Euclidean 
distance of 0.11. This suggests a significant relationship between female and male subjects in the research, 
possibly focusing on sexual dimorphism or gender-specific characteristics. 
The second pair comprises the terms 'expression vs. gene.' These terms, originating in 2011.56 (t.1) and 
2013.24 (t.2), demonstrate a strong association with an LSBI value of 99. Although slightly more distant, with an 
Euclidean distance of 0.17, they highlight the connection between gene expression and genetic factors in the 
research, potentially emphasizing the study of gene regulation or molecular mechanisms. 
The third pair involves the terms 'diet vs. growth performance.' Emerging from 2014.08 (t.1) and 2019.73 (t.2), 
these terms exhibit a substantial LSBI value of 95. Despite a relatively larger Euclidean distance of 0.56, the 
connection between diet and growth performance suggests an investigation into different diets' effects on 
organisms' growth and development. 
The fourth pair includes the terms 'diet vs. weight.' Originating from 2014.08 (t.1) and 2008.85 (t.2), these terms 
demonstrate an LSBI value of 84. Despite a moderate Euclidean distance of 0.31, the relationship between diet 
and weight implies a focus on the impact of dietary factors on body weight regulation. 
Lastly, the pair 'diet vs. meal' emerges from 2014.08 (t.1) and 2016.85 (t.2). With an LSBI value of 83, this pair 
showcases the association between diet and meal patterns. Although slightly more distant, with an Euclidean 
distance of 0.43, it suggests exploring the relationship between dietary habits and specific meals. 
These terms provide valuable insights into the interconnectedness of concepts within the dataset, highlighting 
relationships between gender, gene expression, diet, growth performance, weight, and meals. These findings 
contribute to understanding the underlying themes and research trends in the field. 
 
 
Data from the Top five pairs of terms depending on the value of Year: 
Analysis of the top five pairs of terms based on their publication years, shown in Figure 5, reveals exciting 
connections within the dataset. 
The first pair consists of 'polyvinyl chloride vs. sole diet.' These terms, originating from 2022.0 (t.1) and 2020.1 
(t.2), share a Link strength between items (LSBI) value of 1. They are closely associated, indicated by a small 
Euclidean distance of 0.11. This suggests a relationship between polyvinyl chloride, a common type of plastic, 
and the concept of a sole diet. The connection may imply research focusing on the impact of polyvinyl chloride 
exposure on dietary factors or using polyvinyl chloride as a component of experimental diets. 
The second pair comprises the terms 'polyvinyl chloride vs. thermal stability.' These terms, originating from 
2022.0 (t.1) and 2019.92 (t.2), share an LSBI value of 1. Although slightly more distant, with an Euclidean 
distance of 0.49, they highlight the association between polyvinyl chloride and thermal stability. This suggests 
research exploring polyvinyl chloride's thermal properties and behavior, which is crucial for understanding its 
performance in various applications. 
The third pair involves the terms 'polyvinyl chloride vs. waste.' Emerging from 2022.0 (t.1) and 2019.77 (t.2), 
these terms share an LSBI value of 3. An Euclidean distance of 0.21 indicates a connection between polyvinyl 
chloride and waste management. This bond implies investigations into the generation, disposal, or recycling of 
polyvinyl chloride waste and its environmental implications. 
The fourth pair includes the terms 'polyvinyl chloride vs. powder.' Originating from 2022.0 (t.1) and 2019.76 (t.2), 
these terms share an LSBI value of 1. Despite a relatively larger Euclidean distance of 0.52, the relationship 
between polyvinyl chloride and powder suggests a focus on powdered forms or applications of polyvinyl chloride. 
This association may involve research on processing techniques, material properties, or specific industries using 
polyvinyl chloride powders. 
Lastly, the pair 'polyvinyl chloride vs. yellow mealworm larvae' emerges from 2022.0 (t.1) and 2019.47 (t.2). With 
an LSBI value of 1 and a Euclidean distance of 0.51, this connection indicates a relationship between polyvinyl 
chloride and the larvae of yellow mealworms. This suggests research exploring the interactions between 
polyvinyl chloride and yellow mealworm larvae, potentially investigating aspects such as toxicity, behavior, or the 
utilization of yellow mealworms in waste management involving polyvinyl chloride. 
 
The mealworm beetle, known as Tenebrio molitor, holds significant importance in the scientific community. Its 
unique characteristics and potential applications have led to extensive research focusing on its nutritional value, 
growth performance, gene expression, and the effects of different diets on its development. This insect species 
has shown promise as a sustainable solution for addressing various environmental challenges. 
One area of particular interest is the consumption of organic waste materials by Tenebrio molitor. This includes 
traditional dietary components and diverse substances such as plastics. Research has explored the ability of 
Tenebrio molitor larvae to consume and digest polyvinyl chloride (PVC), a common type of plastic. Exploring the 
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relationship between Tenebrio molitor and PVC highlights the potential role of these larvae in environmental 
remediation and waste management efforts. By consuming and breaking down plastics, Tenebrio molitor larvae 
contribute to reducing plastic waste and its associated environmental impact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Top five most recent nodes per cluster from Scopus database regarding Tenebrio molitor 
 
Additionally, Tenebrio molitor offers significant potential as an alternative protein source. The larvae should be 
deeply investigated as a sustainable solution to address protein shortages and improve food security, 
particularly in economically disadvantaged regions. By utilizing organic waste materials such as coffee grounds 
as a nutrient source for Tenebrio molitor larvae, it is possible to produce protein-rich biomass that can be used 
as a valuable food source for humans and animals. This approach reduces food waste and provides a 
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sustainable solution for protein production, potentially alleviating hunger and improving the nutritional status of 
vulnerable populations. 
Thus, this study aims to investigate the utilization of Tenebrio molitor larvae as a sustainable solution for 
addressing protein shortages and improving food security, particularly in economically disadvantaged regions. 
The proposal focuses on feeding the larvae with coffee grounds, a readily available organic waste material, to 
produce protein-rich biomass. By examining the larvae's growth performance and evaluating the nutritional value 
of the resulting biomass, we aim to assess the feasibility and potential impact of utilizing Tenebrio molitor as a 
means of reducing food waste, promoting circular economy principles, and providing a valuable protein source 
for human and animal consumption. The findings of this research will contribute to enhancing food security, 
sustainable waste management, and resource utilization in the context of Tenebrio molitor and coffee ground 
utilization. 
 
Average values of mean weight for the different treatments with coffee grounds: 
The average values of mean weight for the different treatments with coffee grounds are presented in Figure 6. 
After seven days, all treatments showed weight gain except for T5, which exhibited a loss of 38%. However, the 
best performance was observed in T1, with a weight gain of 35%. At the end of the experimental period, the 
control group (TC) showed a weight gain of approximately 25%, followed by T1 with a gain of 10% (0.97 g). No 
significant weight changes were observed for individuals in treatments T2, T3, and T4.  
Additionally, no significant differences were found among these treatments. T5 exhibited a weight loss of 
approximately 78%. None of the treatments experienced mortality during the experimental period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Average weight values as a function of the different treatments with coffee grounds. Means followed by 
the same lowercase letter do not differ statistically according to Tukey's test at a 5% probability level. The upper 

right inset shows larvae on TC (only substrate) and T5 (only coffee grounds). 
 
 
The findings depicted in Figure 6 provide compelling evidence supporting the superior performance of condition 
T1, which exhibited a remarkable increase in mass during the initial 7-day period. Notably, the observed mass 
gain in T1 surpassed that observed in the control group over the entire 14-day experimental duration. These 
results strongly suggest that adding coffee grounds is a powerful stimulant for larval growth, particularly during 
the critical early developmental stage. Early exposure to coffee grounds likely enhances the larvae's nutritional 
intake and metabolic processes, promoting accelerated growth. However, it is essential to note that beyond the 
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7-day mark, the larvae tend to experience heightened stress levels, which may account for the subsequent 
weight loss observed in some treatments. This phenomenon underscores the significance of timely harvesting 
and processing of the larvae to maximize their growth potential. 
 
4. CONCLUSION  
In conclusion, the culmination of this study sheds light on the multifaceted potential of Tenebrio molitor in 
addressing pressing challenges at the intersection of waste management, protein scarcity, and sustainable food 
production. By investigating the utilization of coffee grounds as a viable nutrient source for Tenebrio molitor 
larvae, this research introduces a groundbreaking avenue towards mitigating protein shortages, minimizing food 
waste, and fortifying food security. The intrinsic value of this study lies in its pioneering approach to repurposing 
coffee grounds, a widely abundant byproduct, into a resource of substantial nutritional value. The experimental 
findings resonate as a testament to the capacity of Tenebrio molitor larvae to thrive on coffee grounds. Notably, 
treatment T1, comprising a strategic blend of 5% coffee grounds and 95% substrate, showcased exceptional 
mass gain during the initial 7-day span, surpassing the control group. These results present a promising solution 
to the imperative need for sustainable protein sources. However, the subsequent weight loss observed in 
specific treatments beyond the 7-day threshold introduces an intriguing dimension, underlining the need for 
precise temporal management of larval harvesting and processing. This insight underscores the intricate 
interplay between Tenebrio molitor, coffee grounds, and their potential in protein production and waste 
management. Remarkably, this research embodies the quintessential circular economy principle, harnessing the 
latent potential within organic waste streams to cultivate a protein-rich resource.  
This methodology encompasses a holistic approach that aligns harmoniously, intending to establish self-
sustaining systems for food production and waste reduction. The novelty of this study lies not only in its scientific 
contribution but also in its potential real-world applications. The symbiotic relationship between Tenebrio molitor 
and coffee grounds presents an innovative perspective on addressing global challenges. Integrating these 
findings into practical solutions can pave the way for transformative shifts in how we approach protein 
provisioning and waste valorization. This research illuminates a path forward that amalgamates ecological 
soundness with nutritional sufficiency. The convergence of Tenebrio molitor and coffee grounds exemplifies a 
holistic paradigm shift in our approach to protein sourcing and waste utilization. As we venture into an era of 
heightened sustainability consciousness, the insights derived from this study beckon us to redefine possibilities, 
beckoning a future where novel applications spring forth from the synergy of nature and innovation. 
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