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ABSTRACT 
The current trend in the development of value chains for cereal crops is expected to increase the volume of 

ready-to-use millet products. Laboratory studies were conducted to evaluate the susceptibility of four pearl 

millet product forms (whole grains and fractions with particles >1.0 mm, 0.5 – 1.0 mm and <0.5mm in 

diameter) derived from undehulled and dehulled grains of three pearl millet varieties to infestation by the red 

flour beetle, Tribolium castaneum (Herbst). Results showed that pearl millet variety had no influence on 

progeny production and developmental period. Dehulling significantly (p<0.05) increased number of progeny 

but did not influence developmental period. Number of progeny differed significantly among pearl millet forms 

with higher numbers emerging from smaller particle sized pearl millet forms.  Longer developmental period of 

T. castaneum was observed with decrease in particle size. The susceptibility indices (SI) across all the pearl 

millet substrates ranged from 4.9 to 8.9, and were classed either as moderately resistant or susceptible. The 

implications of these findings for stored pearl millet products value chain are discussed. 

___________________________________________________________________________ 
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INTRODUCTION 
Pearl millet, Pennisetum glaucum (L.) R. Br. is a 

major staple diet in the sahelian regions of many 

tropical and subtropical countries (Lale and Yusuf, 

2001). In Nigeria, it is second in importance only to 

sorghum as a staple food crop. Over 40% (about 4 

million ha) of land sown annually to cereals is being 

devoted to pearl millet. About 4 million metric tonnes 

of pearl millet grain is harvested annually (Ikwelle, 

1998).  Pearl millet is high energy, nutritious food 

recommended for the health and well-being of infants, 

lactating mothers, elderly and convalescents. The 

good nutritional values including high levels of 

quality protein, ash, calcium, iron, zinc, phosphorus 

and potassium which make millet nutritionally 

superior than most cereals. In addition, pearl millet 

products are now being enhanced through bio-

fortification and micronutrient research (NRC, 1996; 

Obilana and Manyasa, 2002). Across Africa several 

indigenous foods and drinks are made from flour/meal 

and malt of the millets. In West Africa, the main food 

dishes from pearl millet vary by country (Ndjeunga 

and Nelson, 2001).  The physical, chemical and 

processing properties of pearl millet and their food 

uses have been studied by Rooney and McDonough 

(1987), Nkama et al. (1994) and Nkama and Ikwelle 

(1998). 

Numerous varieties of pearl millet have been 

recognized and new ones are continually developed 

and released by breeders. Grain yield and resistance or 

tolerance to pests, diseases and striga received the 

greatest attention in millet breeding programmes 

(Nkama and Ikwelle, 1998). With increased grain 

production, however, comes the necessity for storage 

of excess pearl millet grain (Lale and Yusuf, 2001). In 

recent years value chains are being developed for 

many cereal crops including millet.  As ready-to-use 

millet products become increasingly available, higher 

losses to stored products insects may be expected. 

The red flour beetle, Tribolium castaneum (Herbst) is 

an important pest of harvested grain crops (including 

wheat, sorghum, maize, pearl millets and rice) and 

grain-based products worldwide (Campbell et al., 

2004; Fedina and Lewis, 2007).  T. castaneum can 

live on a variety types of food such as flours, cracked 

grains, breakfast foods or meals (Kheradpir, 2014). 

The distribution and abundance of this species and its 

significance as a pest depends partly on the relative 

suitability for development of resources and their 

condition that may be available within the distribution 

system (Ahmad et al. 2012). 

While the suitability of milled pearl millet grain for 

the development of this insect pest has been 

documented (Gueye and Dolobel, 2001; Lale and 

Yusuf, 2001; Kabir et al., 2010), the effects of 

conditioning and particle size of pearl millet products 

has not been sufficiently investigated. It is against this 

background that we tested the relative performance of 

T. castaneum on different pearl millet food substrates. 

The aim of our study was to identify differences in 

susceptibility to T. castaneum among different particle 

sized substrate derived from undehulled and dehulled 

grain of three pearl millet varieties. 
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MATERIALS AND METHODS 

The experiments were conducted under ambient 

Laboratory condition [26 – 34
o
C and 45 - 59% 

relative humidity (r.h.)]. The ambient temperature and 

r.h. were monitored using Omson’s hygrometer.  

Grains of three pearl millet varieties, Ex-Borno, 

SOSAT-C88 and LCIC 9702 were obtained from 

Lake Chad Research Institute, Maiduguri, Nigeria.  

Two kilograms grains of each variety were used.  For 

each of the grains half (1 kg) was dehulled, by the 

traditional method of wetting and pounding, and then 

cleaned and dried. The other halves were just cleaned. 

Whole pearl millet kernels were selected from the 

undehulled and dehulled lots, and these formed the 

whole grain substrate.  Then both the undehulled and 

dehulled grains were ground, using a laboratory 

blender and passed through sets of sieves to obtained 

fraction with particle sizes <0.5 mm, 0.5 -1 mm and > 

1 mm) in diameter.  

The insect T. castaneum were obtained from the stock 

Laboratory culture, which were maintained on wheat 

flour medium. For this experiment, new cultures of T. 

castaneum were set up on millet flour mixed with 

baker yeast in the ratio of 19:1 (w/w).  About 200g of 

flour-yeast mixture were placed in plastic containers 

(16x10x5 cm) and 100 adult insects introduced into 

each container. The containers were then covered with 

perforated lids and the insects were allowed to feed 

and oviposit for 10 days, then removed and discarded. 

The infested flour was kept on shelves. The resulting 

F1 progeny aged 7-14 days old were used for the 

experiments. 

Treatment consisted of three pearl millet varieties, 

two conditioning forms (dehulled and undehulled) and 

four particle sizes (<0.5 mm, 0.5 -1 mm and > 1 mm 

in diameter; and whole grains). Treatments were laid 

in split-split-plot design with three replications. 

Twenty grammes of each treatment combination were 

placed in 150 ml glass bottles and 5 pairs of adult T. 

castaneum were introduced to each bottle. The insects 

were restrained by using perforated plastic lids which 

permitted gaseous exchange. Adults were allowed to 

oviposit for 7 days and removed; the infested grains 

were and kept under the same ambient conditions. 

Observation of the F1 progeny began on the 20th day 

after infestation. Observation entails pouring out the 

content of each bottle into sieve (depending on the 

particle of size) and shaken above a white paper. The 

emerging adult insects were counted, removed and 

discarded while larvae and pupae were returned to the 

bottles, after every 48 hours until there was no 

emergence of adults for the three consecutive count 

days. The data collected was used to calculate the 

median development period being period from the 

middle day of oviposition period to when 50% of F1 

progeny have emerged. The median developmental 

period and the number of F1 progeny was further used 

to calculate the susceptibility index (SI) according to 

Dobie (1974):  

Susceptibility index (SI) = log
e
F1/Dx100; where: F1 - 

number of emerged progeny  and D - median length 

of developmental period (days). 

The 0 – 11 scale where; 0 - 3 = resistant, 4 - 7 = 

moderately resistant, 8 - 10 = susceptible and > 11 = 

highly susceptible (Abebe et al., 2009) was used in 

ranking the various pearl millet products for 

susceptibility to T. castaneum. 

The data on progeny and length of development 

period were square root transformed and subjected to 

ANOVA.  Differences between treatment means were 

separated using the Tukey-Kramer’s honestly 

significant difference (HSD) test at 5% level of 

probability.
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RESULTS

The effects of pearl millet variety, conditioning and 

particle size on progeny development of T. 

castaneum is presented in Table 1.  

 
Table 1. Effect of pearl millet variety, conditioning and particle size on progeny production and development 

               time of T. castaneum 

Treatment 

 

No.  of progeny Development period 

Variety (A)   

Ex-Borno 155.0a 28.7a 

LCIC 9702 157.4a 28.7a 

SOSSAT-C88 146.3a 29.3a 

Conditioning (B)   

Unde-hulled 127.8b 29.1a 

De-hulled 178.0a 28.7a 

Particle size (C)   

Whole grain 40.7d 27.2c 

>1mm 89.7c 28.4b 

0.5 -1mm 186.8b 29.5ab 

<0.5 mm 294.8a 30.4a 

Interactions   

A x B NS  NS 

A x C * NS 

B x C NS NS 

A x B x C NS NS 
     Means within a column and treatment different accompanied by same letter are not significantly, HSD Test (P>0.05). NS – Not    

    significant, * - significant at P<0.05. 

 

Pearl millet varieties did not significantly differ 

(P>0.05) in number of progeny and development 

period. However the effect of conditioning on number 

of progeny was significant, thus higher number of 

progeny developed on dehulled than undehulled pearl 

millet substrates. Similarly, substrate particle size 

significantly affected number of emerged progeny. 

Significant differences were noted among all the 

differently sized pearl millet substrates and whole 

grains. For number of progeny, all the associated 

interaction were not significant (P>0.05), except for 

the interaction between variety x conditioning. 

Development time was not affected by both pearl 

millet variety and conditioning. However, T. 

castaneum developed faster on whole grains than 

processed pearl millet substrates. With regards to 

development time all the associated interaction were 

not significant. 

Development of T. castaneum was possible on all the 

substrates derived from undehulled and dehulled pearl 

millet (Table 2).  

 
Table 2. Comparison of numbers (mean ±SE) progeny of T. castaneum in different millet substrates and 

varieties  

Pearl Millet condition Substrate fraction size Pearl millet variety 

Ex- Borno SOSAT-C88 LCLC 9702 

Un de-hulled Wholegrain 33.3±6.7e 24.7±3.4f 27.7±6.7f 

 >1mm 77.0±20.6de 83.0±6.5e 73.3±1.9e 

 0.5 – 1mm 153.7±31.5cd 150.0±18.0cd 162.6±21.0cd 

 <0.5 mm 298.3±12.6ab 203.3±5.0bc 246.7±23.7b 

De-hulled Wholegrain 53.7±4.3e 51.3±5.4e 84.3±6.2e 

 >1mm 78.3±4.4de 106.3±6.2cd 116.7±9.2d 

 0.5 – 1mm 196.7±27.7bc 236.7±19.0ab 221.3±12.4bc 

 <0.5 mm 350.0±23.6a 315.0±25.7a 355.7±17.8a 

Means within a column accompanied by same letter are not significantly different, HSD Test (P>0.05) 

 

Generally, number of progeny was relatively very 

lower undehulled than dehulled grains and the number 

increased with decrease in particle size. This trend 

was consistent for both dehulled and undehulled 

substrates of all the three pearl millet varieties. The 

only exception was SOSAT-C88, in which case the 

difference between undehulled whole grain and 

substrate with particle size >1 mm was not significant. 

Higher number of progeny developed on dehulled 
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than undehulled products, though in some instances 

the differences were not significant. 

Development time differed significantly among 

various pearl millet substrates, but not consistent with 

pearl millet varieties. The trend was that length of 

developmental period increased with decreasing 

substrate particle size within a variety. On Ex-Borno 

T. castaneum developed faster on whole grains of 

both undehulled and dehulled substrates, while the 

longest development period (31.0±1.6 days) was 

recorded on dehulled substrate of the particle size 

<0.5 mm, though not significantly different from 

development period on dehulled pearl millet 

substrates with particle size  of <0.5 and 0.5-1.0 mm. 

On SOSAT-C88 development period ranged from 

27.3±0.3 to 30.3±0.7 and did not significantly differ 

(P>0.05) among the various substrates (Table 3). 

 
Table 3. Comparison of developmental periods of T. castaneum in different pearl millet substrates and varieties  

Pearl millet  

condition 

Substrate fraction 

size 

Pearl millet variety 

Ex- Borno SOSAT C88 LCIC 9702 

Un de-hulled Wholegrain 26.7±0.3b 27.7±0.7a 27.7±1.0c 

 >1mm 27.7±0.7b 29.0±1.6a 30.0±0.6a-c 

 0.5 – 1mm 29.3±0.3ab 29.7±0.7a 30.3±0.7ab 

 <0.5 mm 29.7±0.6ab 30.3±0.7a 31.7±0.7a 

De-hulled Wholegrain 27.0±0.0b 27.7±0.9b 27.7±0.0c 

 >1mm 28.3±0.7ab 23.3 ±0.3a 28.3±0.7bc 

 0.5 – 1mm 29.3±0.4ab 28.3±0.3a 27.7±0.7a-c 

 <0.5 mm 31.0±1.6a 29.7±0.3a 30.3±0.7ab 

       Means within a column accompanied by same letter are not significantly different, HSD Test (P>0.05) 

 

 

On LCIC 9702 T. castaneum developed faster on 

whole grains of both un de-hulled and de-hulled pearl 

millet. 

The susceptibility index (SI) of the various pearl 

millet substrates to T. castaneum ranged from 4.9 to 

8.9 (Fig. 1). Out of the 24 treatment combinations, 

undehulled whole grains of SOSAT-C88 and LCIC 

9702 had the lowest SI of 4.9. While dehulled pearl 

millet substrates with particle size <0.5 of variety 

SOSAT-C88 had the highest SI of 8.9. Using the 0 – 

11 SI scale, only two categories of susceptibility were 

distinguished: moderately resistant or susceptible. 

With the exception of undehulled pearl millet 

substrate of particle size 0.5 – 1.0 mm, all other 

substrates with particle size <0.5 and 0.5 – 1.0 mm 

were classed as susceptible to T. castaneum 

infestation. 
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DISCUSSION 

 

The results of the present study demonstrated the 

performance of T. castaneum on different pearl millet 

substrates. Although it is commonly believed that T. 

castaneum cannot attack whole grains, our data 

showed that it can feed and develop on apparently 

undamaged kernels. In terms of number of progeny, 

performance on whole grains was very poor relative 

to broken and milled pearl millet substrates. In 

agreement with our results Roorda et al. (1982) 

reported that larvae of T. castaneum can feed and 

develop on undamaged threshed pearl millet kernels. 

Lale and Yusuf (2001) also reported the development 

of T. castaneum on whole grains of six pearl millet 

varieties. Although in their experiment the number of 

adult T. castaneum that developed on 10 g grain 

sample was scanty and did not exceed 6 in any of the 

varieties tested. 

The performance of T. castaneum was markedly 

improved by dehulling and milling pearl millet grains. 

Dehulling to remove the seed coat from endosperm 

has been found to offer the best means of preparing 

attractive  products from grain pearl millet (Nkama 

and Ikwelle, 1998); however dehulling lowers protein, 

minerals and vitamins of millet but increases 

digestibility of the product (Nkama, 1998). The fact 

that dehulling increases the susceptibility of pearl 

millet products to T. castaneum infestation indicate 

poor response of T. castaneum to the nutrient 

composition of meals, at least in the short term. It is 

not known whether the effect will manifest in 

subsequent generations. It appears food digestibility is 

more important than nutritional composition to T. 

castaneum for Kheradpir (2014) concluded that food 

preference in T. castaneum is related to digestibility of 

different grains and flours. Absence of significant 
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effect of variety on progeny numbers and 

developmental period implies that varietal resistance 

may be of little significance in managing T. 

castaneum on processed pearl millet products, as the 

seed coat is tampered, and hardness of the seed coat is 

one of the element of resistance to stored product 

insects (Semple et al., 1992) 

The observed effects of milling pearl millet grains 

stresses the importance of particle size to explain the 

relative susceptibility to T. castaneum infestation. 

However, these results should be interpreted with 

caution, especially with regards to the smallest 

particle sized (<0.5 mm) substrates, as these 

experiments were conducted under laboratory 

conditions on limited amount of food medium (20g). 

The results may not hold true under field conditions 

involving commercial quantities of pearl millet 

products. For instance, Campbell and Runnion (2003) 

reported that large quantities of flour are tightly 

packed and Sastawa et al. (2009) noted that flours 

tightly packed may restrict initial accessibility to T. 

castaneum to few niches for oviposition. 

Pearl millet may be available to T. castaneum not only 

in whole seed form but also variously in damaged 

(cracked)  and processed forms e.g. flours, grits and 

other forms, across the millet growing regions and at 

various points in the supply and value chains.  

Apparently, processing pearl millet grain to any form 

increase susceptibility to infestation to T. castaneum.  

Pearl millet is widely cultivated by farmers in the 

semi-arid Northern Nigeria and stored either as 

processed or whole grain for varying lengths of time 

before use (Kabir et al., 2010). And direct mixing of 

new and old stocks of grains or grain products in the 

same warehouse are common features of storage 

practices in tropical warehouses (Sastawa et al., 

2009). The results of this study imply that despite the 

poor performance, infested whole grains may become 

the source of infestation to the more susceptible 

processed millet products within the vicinity. 

Moreover T. castaneum is a secondary pest which 

prefers broken grains and milled products. 

  
 

CONCLUSION 

Results of the present study demonstrated the 

performance of T. castaneum on different pearl millet 

substrates. Dehulling and milling increases 

susceptibility of pearl millet products to infestation by 

T. castaneum.  Smaller particles sized substrate 

supported higher number of T. castaneum progeny 

and hence more susceptible than substrates with large 

particle size and whole grains. Pearl millet grain 

varietal differences in milled products may not have 

any significant role in resistance to infestation by T. 

castaneum. These findings underscore the need to 

emphasize prophylactic and curative control measures 

against this pest in stores and at all points within pearl 

millet value chains. 
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