
 

 

Impact of different Food sources on the Developmental Biology and 
Host preferences of the red flour beetle Tribolium Castaneum(Herbst) 

(Coleoptera: Tenebrionidae) 

 
ABSTRACT  
 

An experiment conducted at the seed center laboratory at Tamil Nadu 
Agricultural University during June 2022 evaluated the host preferences and 
developmental biology of the red flour beetle (Tribolium castaneum) across three 
food sources: broken rice with rice flour, broken wheat with wheat flour, and 
tapioca flour. Beetle development was observed in ventilated containers under 
controlled conditions (28-30°C, 65%relative humidity) with 25 beetles per 
container. Significant differences in beetle survival and development. Wheat flour 
was the most favourable host, with 304 live adults, followed by broken wheat (145 
live adults. Rice flour supported 20 adults and 11 larvae, indicating moderate 
suitability. Whole rice grains and tapioca flour were the least effective, with only 
dead adults and few larvae. Despite host quality variations, the developmental 
stages (egg incubation: 4-7 days, larval: 65-70 days, pupal: 6-9 days) were consistent 
across food sources. Wheat flour is the most supportive environment for T. 

castaneum development. 
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Introduction  
Post-harvest food losses during storage are significant and arise from various 

factors, including pest infestations, which can cause considerable damage to stored 
cereals, pulses, and oilseeds depending on the crop, storage conditions, and post-

harvest processing methods (Kitinoja and Gorny, 1999; Musa, 1984; Tindall and 
Proctor, 1980). Among the pests, the red flour beetle (Tribolium castaneum Hbst.) is 
problematic in tropical regions. As a secondary pest, the beetle primarily infests 
grains that are already damaged and cannot penetrate intact grains (Howe, 1956). It 
thrives on a variety of stored products, including wheat flour, dried fruits, and 



 

 

legumes, due to its adaptability to low humidity conditions, which are facilitated 
by specialized cryptonephridial conditions (Richards et al., 2008). The red flour 
beetle’s feeding habits reduce the mass and quality of stored grains, increase their 
moisture content and temperature, and can lead to a significant decrease in 
germination capacity (Padin et al., 2002; Faroni and Sousa, 2006). Furthermore, 
heavy infestations result in discoloured, mold-prone flour with a disagreeable odor 
due to the beetles scent glands (Good, 1936; El-Desoukyet al., 2018). 

The life cycle of red flour beetles includes the egg, larval, pupal, and adult 
stages, with the most prolific reproductive period occurring between one week and 
two months post-emergence (Park, 1949). Females lay hundreds of eggs throughout 
their lifespan, contributing to the beetle's high infestation potential (Bennett, 2003). 

The ability of the species to reproduce continuously in warm conditions further 
intensifies its pest status. Effective pest management strategies necessitate 
understanding the beetle's biology and development, such as determining the 
number of larval instars through measurements like head capsule width, following 
Dyar’s rule (Panzavolta, 2007; Cazado et al., 2014). Additionally, diet plays a 
crucial role in beetle development and reproductive success, with larger amounts 
of flour supporting higher oviposition rates and faster development (Campbell and 
Runnion, 2003). The present study focused on the biology and host preferences of 
red flour beetles across various substrates, including wheat flour, broken wheat, 
rice flour, rice, and tapioca flour. 

Materials and methods 

To investigate the host preferences and developmental biology of the red 
flour beetle (Tribolium castaneum), three food sources were prepared: broken rice 
with rice flour, broken wheat with wheat flour, and tapioca flour. Each combination 
was placed in separate ventilated plastic containers covered with a muslin cloth. 

Mixed-age adult beetles were introduced at a sex ratio of 1 female to 4 males, with 
25 beetles (5 females and 20 males) per container. The containers were maintained 
at a constant temperature of 28-30°C and 65% relative humidity. Adult red flour 
beetles used in this study were sourced from the seed center laboratory located 
adjacent to TNAU and RI College. Beetle development was monitored daily, and 
the duration of each developmental stage was recorded, including the incubation 
(egg to larva), larval (larva to pupa), and pupal (pupa to adult) periods. Observations 
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were made using a digital microscope. Each treatment was replicated three times to 
ensure the reliability of the results, with appropriate controls were maintained to 
account for external variables.Statistical analysis was performed using software 
like SPSS to study the effect of different host materials on insect populations.Using 
descriptive statistics, data was summarized and analyzed by ANOVA for 
significant differences between the groups. 

Results 

The study on the host preferences and developmental biology of the red 
flour beetle (Tribolium castaneum) revealed notable differences in the survival and 
development of the beetles across various food sources.  

The biology of the red flour beetle (Tribolium castaneum) encompasses 
distinct developmental stages, starting with an egg period that lasts between 4 to 7 
days. Following this, the beetle enters the grub (larval) period, which spans 65 to 70 
days and involves progression through 1 to 6 instars. The pupal period, during 
which the beetle transforms from larva to adult, lasts for approximately 6–9 days. 

The adult longevity of the red flour beetle varies significantly depending on the 
host food source, with some adults surviving for extended periods when provided 
with optimal nutrition. This variation in lifespan highlights the impact of host 
quality on the life cycle and reproductive success of beetles. 

 

 

 

 

 

 

 

 

 

 



 

 

 

Fig 1. Life stages of red flour beetle 

Wheat flour was identified as the preferred host, yielding the highest total adult 
population of 304 live beetles. This indicates that wheat flour provides the most 
conducive environment for the beetle's life cycle, supporting optimal conditions for 
reproduction and survival. Broken wheat was the second most favourable host, with 
145 live adults, demonstrating its significant suitability for beetles. Both wheat-

based hosts are highly supportive of the developmental needs of beetles.  

In comparison, rice flour was preferred to support 20 live adults and 11 
larvae. This suggests that although rice flour is adequate for the early stages of 
beetle development, it may not be as supportive of adult survival and longevity. 

Whole rice grain, on the other hand, showed poor suitability, with only 12 dead 
adults and 2 larvae observed, indicating that it does not provide suitable conditions 
for beetle development. Tapioca flour was found to be the least preferred host, with 
12 dead adults and no larvae, highlighting its inadequacy as a beetle food source. 

Despite the differences in host suitability, the developmental stages, 
including the incubation period (4-7 days), larval period (65-70 days), and pupal 
period (6-9 days), were relatively consistent across all food sources. However, the 
study noted significant variations in adult multiplication and longevity, which were 
influenced by the type of host. These results suggest that although the early stages 
of the beetle’s life cycle can be supported by a variety of food sources, the quality 
of the host plays a crucial role in adult survival and reproductive success. The 
findings emphasize that wheat flour is the most favourable environment for the red 
flour beetle’s life cycle, followed by broken wheat, with rice flour being 
moderately suitable, and whole rice grain and tapioca flour being less effective, 
particularly the latter, which is unsuitable for supporting the beetle’s development 
and survival. The results did not differ significantly, indicating that host materials 
did not greatly affect the overall insect population. 

 

Table 1. Early stages of beetlelife cycle 

Parameters Wheat Flour Broken Rice Flour Whole Rice Tapioca 



 

 

Wheat Grain flour 
Total adult 
population  

304 live 145 live 20 adults  
11 larva  

12 Dead 
2 larva 

12 dead 

Host 
Preference 

Most preferred Most 
preferred 

Preferred Less 
Preferred 

Least 
preferred 

  

 

 

 
 

Fig 2. Red flour beetles from different hosts 
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Fig 3. Number of Adult Insects in Different Host Materials 

 

Table 2: Descriptive Statistics of Insect Populations 

Parameter Live Adults Live Larva Dead Adults Total Population
Count 5 5 5 5 
Mean 93.8 2.6 7.2 103.6 
Standard Deviation 132.1 4.8 6.6 124.5 
Minimum 0 0 0 12 
25th Percentile 0 0 0 14 
Median 20 0 12 43 
75th Percentile 145 2 12 145 
Maximum 304 11 12 304 

 

 



 

 

Table 3: ANOVA Test Results 

Source of Variation Sum of Squares df Mean Square F Value P Value
Host Preference 49,324.7 3 16,441.57 1.30 0.5549 
Residual 12,640.5 1 12,640.5   

 

Tribolium castaneum, commonly known as the red flour beetle, exhibits a marked 
preference for wheat flour, which serves as a suitable host for its development (Soomro and 
Ahmed, 2023; Astuti, 2020). El-Desoukyet al., (2018) showed that higher densities of T. 
castaneum in wheat flour result in increased production of benzoquinone secretions, indicating a 
preference and better adaptability of the beetle to this substrate. Larval development is notably 
quicker in cracked wheat than in other substrates, whereas cracked maize tends to have lower 
fecundity (Skourti et al., 2020). The study of the life cycle of T. castaneum(Kayode et al., 2014) on 
different cereal flours highlighted wheat flour as a favourable host due to its ability to sustain the 
growth and development of the pest insect (Soomro and Ahmed, 2023).The findings of this study 
align with those of previous studies, demonstrating the suitability of wheat flour as a host for T. 

castaneum. This study shows that wheat flour effectively supports the lifecycle and development 
of T. castaneum, particularly when compared with rice and tapioca flour. 

Conclusions 

Based on our experiment to study the biology and host preferences of red flour beetle 
with 5 different hosts such as wheat flour, broken wheat, rice flour, rice, and tapioca flour. Based 
on our observations, the incubation period, larval period, and pupal period were more or less 
equal in all host ranges, whereas adult multiplication and longevity varied with host, which 
reveals that among the five hosts, wheat flour (adult – 304 live) was the most preferred host, 
followed by broken wheat (adult – 145 live) 
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