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Abstract 
 



ABSTRACT 

 This study investigates the efficacy of silica particles as a treatment to 

control Tribolium castaneum (red flour beetle) infestations in Avena sativa (oats) and 

Rava (semolina), both commonly stored food products. The effect of silica treatment 

on some key physical grain properties, such as moisture, bulk density, particle 

density, and porosity, was analyzed. Results indicated that these parameters were 

quite unaffected by silica treatment and, therefore, were good for maintaining grain 

quality.  

 The experiment was done by analyzing survival, dead, and mortality rates 

of T. castaneum at different concentrations of silica ranging from 10,000 to 50,000 

ppm. Results showed a very strong inverse correlation between silica concentration 

and beetle survival, with beetle mortality rates seen to rise dramatically with 

increasing concentrations. Between concentrations of 10000-50000 ppm, 100% 

mortality was achieved within 3-6 days of exposure. Further, also less damage was 

visible and weight loss was greatly less in silica-treated oats and Rava, thereby 

proving the protectiveness of treatment. 

 Scanning Electron Microscopy (SEM) of the silica-treated insects showed 

severe cuticular damage, indicating physical abrasion and desiccation as the primary 

means of action resulting in T. castaneum death. Residue analysis via Energy 

Dispersive X-ray (EDX) spectroscopy confirmed that residues of silica were 

negligible and removable by a single wash, rendering the method safe and convenient. 

Thereby, this study endorses silica particles as an environmentally sustainable and 

non-toxic alternative to chemical insecticides for the preservation of stored oats and 

Rava against T. castaneum infestations. 
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CHAPTER I 

INTRODUCTION 

Oats (Avena sativa L.) are unique among cereal crops due to their rich 

nutrient profile, benefiting human consumption, animal feed, healthcare, and 

cosmetics (Butt et al., 2008; Varma et al., 2016). Cultivated for over 2,000 years 

(Sang et al., 2017), oats are one of the oldest known crops (Lásztity, 1998) and 

were domesticated later than cereals like wheat and barley (Marshall and 

Sorrells, 1992). Oats contain carbohydrates, soluble dietary fiber, balanced 

proteins, lipids, vitamins, and minerals (Joyce et al., 2019). A key component is 

oat beta-glucan (OBG), a soluble fiber that helps reduce cholesterol and prevent 

diabetes. Its concentration varies with storage, processing, and cultivation 

conditions. Typically, oats have 13% to 20% protein, with about 30% coming 

from the embryo. They also contain trace antioxidants such as phenolic 

compounds and sterols, which may offer health benefits (Paudel et al., 2021). 

Semolina is a coarse flour made from durum wheat, commonly known 

as Rava or sooji in India. It is a key ingredient in various savory dishes like upma 

and Rava dosa, as well as sweet treats such as halwa and Rava Kesari. Semolina 

is milled from the endosperm of durum wheat, resulting in a high-protein, yellow 

flour that contains gluten, ideal for making pasta and couscous (Rashid et al., 

2022). In addition to its culinary uses, semolina is also being explored for health 

foods. For example, combining semolina with Asparagus racemosus root 

powder has shown potential for enhancing fiber and calcium absorption (Meena 

et al., 2024). Recent studies have also highlighted its ability to produce resistant 

starch, beneficial for digestion (Sharma et al., 2023). 

Post-harvest losses in India considerably impact the agricultural sector, 

threatening economic stability and food security. These losses occur due to poor 

infrastructure, inefficient handling, and pest infestations. Basavaraja et al. 

(2007) noted significant losses in Karnataka, while Grover and Singh (2013) 

emphasized the ongoing issue in Punjab. Addressing these challenges requires 

modernization, efficient supply chains, and robust policies to minimize losses 

and ensure food availability. Pest infestation in agricultural storage poses 
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significant risks, causing both quantitative and qualitative losses to grains, 

pulses, and processed commodities. These pests thrive in optimal conditions, 

multiplying rapidly and damaging food by deteriorating nutritional value, 

generating off odors, and contaminating with excreta and body parts. 

Additionally, contaminated products can harbor harmful microbes, posing 

health risks to consumers (Mohan et al., 2023).  

Stored grain insect pests invade food supplies in public warehouses and 

farms, with their populations growing due to inadequate storage facilities and 

climate control. Therefore, exploring more effective technologies to reduce 

these populations is crucial (Rajendran et al., 2020). Insects significantly 

challenge global grain storage, leading to economic losses (Fields, 2006). While 

chemical insecticides have been the traditional method of control (Salem et al., 

2007), issues such as pesticide residue concerns, resistance, and environmental 

impact highlight the need for new approaches (Udo, 2005; Fields, 2006; Mahdi 

and Rahman, 2008).  Processed staple meals (PSM) purchased in bulk are 

frequently stored, making them vulnerable to pests like the red flour beetle, 

Tribolium castaneum (Herbst). This pest, a common threat to stored grain, is 

well-studied in entomology due to its extensively sequenced genome (Rösner et 

al., 2020). T. castaneum primarily feeds on stored flour and milled cereal 

products, and its susceptibility increases when grains are threshed before 

consumption (Campbell and Runnion, 2003; Tanzubil, 1991). 

The red flour beetle, is a significant pest of stored products and has been 

widely used in ecological studies due to its ability to thrive on a wide variety of 

substrates (Campbell and Runnion, 2003). According to Hagstrum (1973), the 

red flour beetle is highly active in food areas, such as grain and flour, and easily 

disperses as an adult (Ziegler, 1976). Howe (1962) noted that female Tribolium 

adults have a long lifespan and lay eggs almost continuously. It has been 

reported that T. castaneum is extremely prolific, capable of producing millions 

of offspring throughout its life (Haines, 1991). The quality of the diet 

significantly influences the growth and development of T. castaneum (Apert, 

1987). The complete life cycle of T. castaneum includes four stages: egg, larva, 

pupa, and adult. Under optimal conditions, this lifecycle can last from two to 

three weeks, characterized by intense feeding and rapid growth. The larvae are 
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white, segmented, and slender. The pupal stage typically lasts between five and 

nine days and involves several internal transformations before the adult 

emerges. The duration of each developmental phase is affected by 

environmental factors such as temperature, relative humidity, and food 

availability (Sokoloff, 1974; Park et al., 1966; Campbell and Runnion, 2003). 

As the global population increases, the demand for grains and other agricultural 

products is rising. Addressing losses from stored product insect pests is crucial 

to meet this demand. Inadequate warehousing and damage caused by stored 

grain pests during storage, shipping, and transportation pose significant 

challenges, particularly in South-East Asia and other developing regions 

(Upadhyay and Ahmad, 2011; Talukder et al., 2004; Dubey et al., 2008; ). 

Tribolium castaneum is responsible for the highest economic losses and 

deterioration of food quality among stored products. According to Ali et al. 

(2016), after 30 to 90 days of infestation, T. castaneum causes the most damage 

to wheat, followed by rice and maize. Wheat losses can be 1.5 to 6 times greater 

than those of other similar cereals. Traditionally, chemical insecticides have 

been used for pest management; however, T. castaneum has rapidly developed 

resistance to many classes of pesticides, complicating pest control efforts 

(Venkatesan et al., 2022). Various pest management strategies are being 

considered solutions in response to these challenges. One approach is using inert 

dusts, such as amorphous silica powders. These powders adhere to the insect's 

body and penetrate it, damaging the cuticular wax layer and ultimately leading 

to death from dehydration. Athanassiou et al. (2005) suggest that finer particle 

sizes of silica powders are more effective in killing T. castaneum and inhibiting 

the development of its progeny (Ajayi and Rahman, 2006). 

Diatomaceous earth (DE), a form of amorphous silica, is emerging as a 

cost-effective alternative to synthetic insecticides for managing stored-product 

pests like T. castaneum. Unlike chemical insecticides, silica works through 

physical mechanisms, making it less likely to cause resistance. Research by 

Manivannan and Subramanyam (2023) showed that two types of amorphous 

silica powders significantly increased mortality rates in T. castaneum upon 

contact. This suggests that silica could effectively replace chemical insecticides. 

Combining DE with other control agents has also proven beneficial. Rizwan et 
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al. (2019) found that DE alone caused high mortality rates in T. castaneum, 

particularly when used with other chemicals, indicating a synergistic effect 

suitable for integrated pest management. Food-grade silica, especially silica 

nanoparticles (SiNPs), has gained attention for its desiccant properties, which 

disrupt the protective waxy layer of insects, leading to dehydration and death 

(Cáceres et al., 2019). SiNPs can also enhance plant resistance against pests and 

attract natural predators through increased volatile emissions (Saw et al., 2023). 

Silica is the most abundant oxide in nature, followed by oxygen 

(Matichenkov and Calvert, 2002). Bernstein and Carpi (2015) note that silica 

sand forms from the weathering of feldspar and quartz-bearing rocks. This 

versatile mineral finds applications in technology and agriculture, particularly 

in extracting silica nanoparticles from agricultural wastes like rice husk and 

wheat straw (Kouadri et al., 2023).  For this study, we will use pure synthetic 

silica forms, such as amorphous powders like colloidal silica and silica gels. 

Silica gels serve as flavoring additives in the food industry and are safe due to 

their non-toxic amorphous nature. Additionally, porous sol-gel silica 

microspheres are valuable for encapsulating chemicals for controlled release, 

and sol-gel silica glasses are being explored for food packaging (Kasaai, 2015). 

Based on the above situation necessitated, the preparation of this project 

is to “Evaluation of efficacy of silica powder against Tribolium castaneum 

(Herbst) in Oats (Avena sativa L.)  and Rava” with the following objectives. 

 To evaluate the efficacy of silica powder against T. castaneum in food 

commodities such as Rava and Oats (Avena sativa L.). 

 To evaluate the analysis of residual on silica powder treated oats and 

Rava. 
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CHAPTER II 

REVIEW OF LITERATURE 

Post-harvest losses caused by stored grain pest 

Postharvest loss refers to the reduction in quantity and quality of food from 

harvest to consumption. Quality losses affect nutrient content and edibility and are 

more common in developed countries, while quantity losses are prevalent in 

underdeveloped nations (Kader, 2002; Kiaya and Victor, 2014). Key causes of 

postharvest losses include biological factors like microbial attacks and pest 

infestations. Significant pests affecting stored grains include weevils, lesser grain 

borers, flour beetles, and Indian meal moths (Muez Berhe et al., 2022). Infestations 

can lead to economic losses and deteriorate food quality, with major increases in 

pest populations due to poor environmental controls and warehousing practices 

(Upadhyay et al., 2011). Globally, postharvest losses from stored insects range from 

9% in developed countries to over 20% in developing ones. There is an increasing 

interest in alternatives to conventional insecticides due to regulatory losses, insect 

resistance, and consumer demand for pesticide-free products (Philips and Throne, 

2010). 

 Tropical climates are particularly conducive to insect proliferation, 

complicating food storage. Some pests infest crops shortly after harvest, while 

others may remain dormant in grain residues until the next harvest. These issues can 

increase the risks of famine and malnutrition, especially in subsistence-focused food 

production. To enhance food security, it’s essential to reduce dependence on 

pesticides and utilize a mix of cultural, biological, and physical control methods 

(Nairobi and Kenya, 2011).  

Food commodities and storage losses 

Stored food grains face significant risks from insect infestations, which can 

result in losses of 5% to 30% of global agricultural yields. The red flour beetle 

(Tribolium castaneum) is a major pest, affecting grain, flour, peas, nuts, dried fruits, 

and spices, with a preference for milled grain products. In warm climates, this insect 

can reproduce year-round, leading to considerable storage losses. Cereals and 
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legumes are vital components of diets worldwide, providing essential calories and 

proteins, as well as income and employment for rural communities (Duranti, 2006; 

Rajashekar et al., 2016). In tropical and subtropical regions, grain storage is 

common, primarily for food reserves and seed supply. Major crops include kidney 

beans, mung beans, rice, and sorghum, with food grain production occupying 80% 

of fertile land in India (Jacobs Mobolade et al., 2019). 

Wheat (Triticum aestivum), supporting about 35% of the global population, 

is the most traded crop, with over 766 million tons produced annually. It consists 

mainly of complex carbohydrates (74-77%) and proteins (11-15%), contributing to 

efforts against hunger and malnutrition. However, various insect pests significantly 

impact wheat grain quality and market value, leading to losses of up to 70% in 

storage due to infestations. These pests can contact the grains during harvesting, 

transportation, and storage, creating substantial economic losses (Negbenebor et al., 

2024). 

Temperature and humidity significantly influence the feeding behavior and 

weight loss of T. castaneum on various commodities. Majeed et al. (2016) reported 

that increasing the temperature from 28 to 32 degrees’ Celsius doubles the weight 

loss in sorghum, while a further increase to 35 degrees Celsius decreases loss by 

1.76 times. Daniels (1956) found that a 2% increase in moisture content in whole 

wheat leads to a 1.6 times increase in insect damage during the first 60 days, with 

lower increases over the next periods. 

Ali et al. (2016) showed that T. castaneum caused the most weight loss in 

wheat compared to maize and rice. After 30 days, wheat weight loss was 1.5 times 

that of rice, and 6.0 times that of maize. Among the three, semolina was identified 

as the most favorable food source for T. castaneum, yielding an average of 28.7 eggs 

per female, while cracked wheat and broken maize resulted in much lower 

fecundity. 

Semolina is of particular interest because infestations can lead to unpleasant 

streaks in noodles. These insects also produce quinones that can affect the odor and 

flavor of food, posing potential health risks (Stejskal and Hubert, 2006). Large 

infestations contribute to negative changes in food quality, such as increased fat 

acidity and reduced thiamine levels (Venkatrao et al., 1960; Smith et al., 1971). 
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Demographic studies suggest that while semolina promotes population growth, 

cracked wheat and cracked maize only support survival (Skourti et al., 2020). 2020) 

Biotic and abiotic factors affecting safe storage 

Food grain losses vary depending on ecological conditions and are 

influenced by multiple factors. Key physical elements include temperature and 

moisture, while biological factors encompass insects, rodents, mites, birds, and 

grain metabolism. Chemical factors involve food breakdown and pesticides, along 

with engineering aspects related to storage structures. The main causes of food grain 

loss are moisture, temperature, respiration, and the presence of pests. Abiotic factors 

affecting storage include temperature and moisture content, while abiotic stresses 

like drought, waterlogging, extreme temperatures, salinity, and mineral toxicity can 

hinder seed quality and yield. "Biotic stresses" refer to organisms that harm crops 

through various processes, leading to the degradation of stored grains due to toxins 

and undesirable metabolites. The environment affects the type of biotic stress and 

the crop's ability to withstand it. (Gull et al., 2019). 

Stored grain insect pests may be categorized as major or minor pests, 

depending on the degree of damage. Depending on how they feed, they can be 

separated into external and interior feeders: - 

Primary feeders: Undamaged storage grains are susceptible to harm and 

reproduction from the main insect problem. Internal feeders: Their larvae entirely 

feed inside the kernel or stored material. External feeders: The larvae and adults 

feed on the kernel from outside. 

Secondary feeders:  Some of these would be insects that would develop 

following infestation by pests that feed on cut or broken seeds. 

Biology and life cycle of red flour beetle  

Tribolium beetles are among the most common insect pests affecting stored 

grains and commodities (Ahmed, 2002). These beetles cause an estimated 5 to 10 

percent damage to stored products globally, with damage rates reaching about 50 

percent in tropical regions and averaging between 10 and 40 percent worldwide. 

Factors such as environmental conditions in storage facilities, pest management 
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methods, and bulk sanitization practices all contribute to an increased likelihood of 

insect infestation (Bachrouch et al., 2010).  

The species T. castaneum attacks a wide range of food products, including 

chocolate, spices, wheat, cereals, meal, crackers, beans, pasta, cake, dry pet food, 

dried flowers, nuts, seeds, and preserved food items. They also feed on other insect 

specimens (Weston and Rattlingourd, 2000). The primary food source for these 

beetles consists of grains that have been rendered unfit for human consumption due 

to decomposition caused by other insects (Li and Arbogast, 1991). 

Deshwal et al. (2020) noted that the red flour beetle, T. castaneum 

(Coleoptera: Tenebrionidae), is the most significant pest found in flour mills, with 

a worldwide distribution. Its main sources of nutrition include cereals, flour, 

starches, fruit nuts, millet, and prepared cereal dishes. The beetles primarily 

consume broken grains, which create dust. Heavy insect excretions result in a putrid, 

sour odor in infected flour. Newly hatched larvae measure 1 mm in length and are 

yellowish-white in color. As they mature, they develop a reddish-yellow coloration, 

and pupation occurs within the flour. The pupae are yellowish and hairy, with the 

pupal stage lasting between five to nine days. The entire life cycle from egg to adult 

takes about 26 to 30 days during the summer. Both larvae and adults contribute to 

the damage caused, with the most significant harm occurring during the hot and 

humid monsoon season. Larvae are typically found concealed within food items, 

while the adults, though active creatures, usually hide in flour. A heavy infestation 

can turn flour gray and moldy, emitting a strong, unpleasant odor, rendering it unfit 

for human consumption. 

According to Smith and Whitman (1992), the red flour beetle is of Indo-

Australian origin and can survive winters in sheltered environments, particularly 

those with central heating (Tripathi et al., 2001). T. castaneum undergoes a typical 

holometabolous life cycle, metamorphosing through several larval stages. It can 

tolerate temperatures between 22 and 32 °C for embryonic development, requiring 

three days at 32 °C and seven days at 25 °C for development. The duration for an 

egg to develop into an adult decrease as temperature increases—from 74 days at 

22.5 °C to approximately 23 days at 32 °C—making it suitable for extensive genetic 

research (Chafino et al., 2019; Sokoloff, 1974). 
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Taxonomy of T. castaneum 

 Kingdom: Animalia 

 Phylum: Arthropoda 

 Class: Insecta 

 Order: Coleoptera 

 Family: Tenebrionidae 

 Genus: Tribolium 

 Species: castaneum 

The red flour beetle is reddish-brown with three-segmented, club-like 

antennae (Bousquet, 1990). Its head is visible from above, and it lacks a beak 

extension, while the edges of its thorax are slightly curved (Anonymous, 1986). This 

beetle undergoes complete metamorphosis, including egg, larva, pupa, and adult 

stages. Females live one week to two months after laying eggs (Park, 1949) and can 

lay two dozen eggs daily, feeding on three to four hundred eggs over five to eight 

months (Bennet, 2003). Eggs incubate for about 4.5 days, larvae go through seven 

instars, and the pupal stage lasts around 7.5 days, leading to a total life span of 

approximately 76.5 days (Devi and Devi, 2015). 

Post-harvest losses made by T. castaneum 

The post-harvest period follows the harvest and is crucial for grain quality 

and quantity. Hodges et al. (2011) note that post-harvest losses lead to economic 

and food waste. Factors such as inadequate storage facilities, delayed harvesting, 

and easily punctured storage bags contribute to these losses (Marid Tadesse, 2020). 

High temperatures and poor hygiene also promote insect infestations. 

T. castaneum, or the red flour beetle, significantly impacts grains like wheat, 

semolina, oats, and millets. It causes discoloration and odor in wheat (Pasquale 

Trematerra et al., 2012) and can lead to 76.67% damage and 5.15% weight loss in 

rice (Bilal Atta et al., 2022). Mukesh Kumar Chaubey (2023) reports a 40% loss of 

grains in India during these stages, mainly due to T. castaneum, which leads to 

fungal growth, reduced nutritional content, and economic loss. 

 

 



10 
 

Mechanisms of silica toxicity  

Silica, or silicon dioxide (SiO2), is a naturally occurring mineral found in 

sand, quartz, and various other materials. It exists in both crystalline and non-

crystalline forms and is one of the most abundant minerals on Earth (Annisa 

Luthfiah et al., 2024). Silica is commonly derived from industrial byproducts, 

fertilizers, and natural resources and is often used as a fertilizer to protect crops from 

insect pests. Diatomaceous earth (DE), a form of amorphous silica, is particularly 

effective for this purpose, as it consists of silica-rich diatom deposits (Mills-

ibibofori et al., 2019). 

Silica functions against stored grain pests through a physio-sorption method, 

causing insect death by abrasion (Kar et al., 2021). It also deposits on plant leaves, 

making it harder for insects to feed, thereby reducing crop loss (Fadi Alhousari et 

al., 2018). Research indicates that DE is effective against T. castaneum 

(Manivannan and Subramanyam, 2023). 

DE is known for its abrasive properties, damaging the insect cuticle and 

leading to water loss (Korunic, 2013; Ebeling, 2013). Environmental factors, such 

as temperature and humidity, significantly influence DE's effectiveness. Studies 

show that DE's efficacy decreases in high humidity but increases at higher 

temperatures (Arthur, 2011; Kavallieratos et al., 2009; Frederick and Subramanyam, 

2016). 

Wakil et al. (2011) found that DE reduces the mortality rate of the rice 

weevil, Sitophilus oryzae, in stored wheat. Athanassiou et al. (2012) further 

demonstrated DE's efficacy against both S. oryzae and Tribolium confusum, 

emphasizing that higher temperatures increase insect activity and contact with DE, 

thus enhancing mortality rates (Helena Rojht et al., 2024). 

In 2015, Goudoungou Wini studied the effectiveness of diatomaceous earth 

(DE) on S. zeamais in stored maize, finding that both DE formulations significantly 

lowered mortality rates. Wini also examined how temperature and humidity affected 

DE’s effectiveness. Chuks Fidelis Nwanade added to this research by investigating 

the impact of different environmental conditions on S. zeamais. Other studies, like 

those by Kavallieratos et al. (2009) and, more recently, Susurluk, Hi̇lal, and Butuner 

in 2024, also explored DE under various conditions. 
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The shape of silica particles like DE is important for their effectiveness. 

Smaller particles have larger surface areas, helping them stick better to insects. 

Fields and Korunic (2010) noted that sharper, irregular particles can damage an 

insect's cuticle, speeding up water loss. The best particle size and shape vary 

depending on the specific insect species and application conditions. 

Kavallieratos et al. (2012) found that temperature and humidity strongly 

influence DE's effectiveness against T. castaneum. Higher temperatures can 

increase insect activity and contact with DE, boosting mortality. However, high 

humidity reduces DE’s ability to absorb water. Abdullah and Fields (2020) 

confirmed that the effect of DE on T. castaneum in wheat depends on these 

environmental factors. Managing these conditions can improve DE's effectiveness. 

DE is a safe and effective insecticide used in agriculture and public health. 

It serves as a residual insecticide and grain protectant as part of an integrated pest 

management (IPM) strategy in food processing (Korunic et al., 1996a, 1996b, 1998; 

Subramanyam and Roesli, 2000). 

Diatomaceous earth (DE) attaches to insects and weakens their protective 

waxy coating through sorption and abrasion, leading to water loss and death 

(Ebeling, 1971). It is also known to repel insects (White et al., 1966). DE is safe to 

use, does not degrade grain quality, offers long-term protection, and is cost-

effective, making it a valuable grain protectant (Korunic et al., 1996a, 1996b). 

Additionally, DE can significantly reduce respirable dust in workspaces, as fine 

grain dust particles adhere to DE (Desmarchelier and Allen, 2000). Traditional 

washing and modern milling methods eliminate over 99% of DE (Korunic et al., 

2013), and regulations focus on worker and customer safety, as well as pest-

repelling effectiveness.  

DE’s ability to be removed through standard processing techniques ensures 

it poses similar safety concerns as other food additives. Integrated pest management 

(IPM) aims to reduce reliance on synthetic pesticides, reserving them for actual 

infestations. Incorporating DE and enhanced diatomaceous earth (EDE) into IPM 

programs can protect grain from pests and maintain quality. Case studies show DE 

is a feasible alternative to synthetic pesticides. With no negative local environmental 

impact, DE residues can be easily removed during processing. 



 
 

Materials and Methods 
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CHAPTER III 

MATERIALS AND METHODS 

  Various materials were used, and methods were adopted in the 

laboratory experiments to study the “Evaluation of efficacy of silica powder 

against Tribolium castaneum (Herbst) in Oats (Avena sativa L.)  and Rava” at 

CSIR - Central Food Technological Research Institute (CFTRI), Mysore – 570 

020, Karnataka, India during December 2024 to April 2025. The materials and 

methodologies adopted for various studies are described below. 

   Mass culturing of insect 

Mass culturing of red flour beetle, T. castaneum in the Laboratory 

Materials Required 

1. Test insects 

2. Glass jars 

3. Muslin cloth 

4. Rubber band 

5. Rava 

6. Sieves 

7. Camel hair brush 

8. Paper sheets 

9. Hot air oven 

10. Storage racks 

11.Face masks 

12.Weighing balance 

13.Glass bottles 

15. Match boxes 

16.Candles 
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17. Tongs 

18. Distilled water 

19. Measuring cylinder 

20. Petri plates 

21. Silica powder 

Mass culturing procedure 

The insect T. castaneum was collected from the older stock culture 

maintained at the Department of Food Protectants & Infestation Control 

(FPIC)Laboratory (culture room), CSIR-Central Food Technological Research 

Institute (CFTRI), Mysore, and subsequently reared on Rava. 

 About 300 to 500 adult beetles were fixed in to 500 kg – 1 kg of un-

infested and conditioned Rava in transparent glass bottles. T. castaneum were 

established using a large glass container. A hole was created at the top of the 

container to facilitate ventilation and promote population growth. The container 

was covered with muslin cloth, secured with a rubber band. This set up allowed 

for adequate aeration, which is essential for the multiplication of T. castaneum. 

The methods were carried out following the protocol suggested by Viji 

et al. (2013). T. castaneum culture was maintained in glass jars (10 cm dia., 20 

cm height) with Rava. The jars were covered with Markin cloth and the culture 

was incubated at 28 ± 1°C and 60 ± 10% relative humidity. Adults and larvae of 

T. castaneum are cannibalistic if enough food is not available (Park et al., 1974). 

So, the ideal number of adult beetles (sex ratio 1:1) necessary to produce the 

greatest number of larvae and pupae was determined. For this aim, 30, 50, 75, 

100, 125, and 150 adult pairs were released into glass jars with 150 g of Rava. 
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                                                    Plate 1. Insect culture room 

 

Laboratory Experiments 

    Screening of efficient dose of silica against T. castaneum 

The laboratory experiment was conducted at the Department of Food 

Protectants & Infestation Control (FPIC) laboratory (culture room) at CSIR-

Central Food Technological Research Institute (CFTRI), Mysore. To screen for 

an efficient dose of silica against T. castaneum. Rava and oats were treated with 

different doses of silica. The design adopted was a completely randomized block 

design (CRD) with the following treatments. 

 Silica powder - Properties 

The food industry – grade silica powders are utilized for research. The 

characteristics and specifications of silica powder are listed below. 
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                                       Plate 2. Silica powder 

Properties 

 Low toxicity 

 Strong Resistance to insect infestation 

 Biocompatibility 

 Chemically inert, thermally stable and water resistant 

 Resistant to dehydration from moisture 

 Rava mixed with silica powder and stored in a glass jar 

This study examined the effectiveness of a silica concentrations in 

reducing T. castaneum infestations in Rava. The methodology followed in this 

study was adapted from previous research on the efficacy of silica-based 

powders against T. castaneum (Selladurai et al., 2023; Vayias and Athanassiou, 

2004). T. castaneum cultures and experimental procedures were carried out 

according to the method described by Li et al. (2020), with minor adjustments 

made in relation to different concentrations of silica. Nine large jars containing 

200 g ± 0.01 g of Rava were prepared according to procedures outlined by 

Athanassiou et al. (2005). Silica powder was blended with the Rava in different 

concentrations (1000, 1500, 2000, 2500, 3000, 4000, and 5000 ppm) after 

Arthur (2000) on the research of stored-product pest management. The treated 

samples were thoroughly mixed to ensure even distribution of silica, following 

the standard procedure for uniform dispersion in grain-based substrates (Vayias 

and Athanassiou, 2004). Twenty grams of the silica-treated Rava from each 

large bottle were transferred into twenty-seven small glass bottles, creating three 
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replicate treatments (R1T1, R2T1, R3T1) for each concentration level. Following 

the methodology described by Fields & Korunic (2000), ten adult T. castaneum 

were introduced into each small bottle. The bottles were wrapped with muslin 

cloth to prevent insect escape while allowing adequate aeration (Athanassiou et 

al., 2005). Mortality was assessed using the method defined by Arthur (2000) 

and Selladurai et al. (2023), with counts taken on days 1, 3, 5, 7, and 15. If they 

did not stir or if they showed no movement when gently touched, they were 

presumed to be dead. Moisture content loss in Rava samples was also measured 

using a moisture analyzer, as described by Li et al. (2020). 

Adult mortality (%) 

 Number of dead weevil  

Adult mortality (%) = ----------------------------- x 100 

 Total number of weevil  

 

Weight loss (%) 

 Initial weight of the sample - Final weight of the 

sample 

 

Grain weight loss (%) = ------------------------------------------------------------- x 100 

 Initial weight of the sample  

 

Grain damage (%) 

 Number of grains damaged  

Grain damage (%) = -------------------------------------------- x 100 

 Total number of grains in the sample  
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Treatment details for Rava 

T1     Silica powder@1000 ppm     

T2     Silica powder@1500 ppm     

T3     Silica powder@2000 ppm     

T4     Silica powder@2500 ppm     

T5     Silica powder@3000 ppm     

T6     Silica powder@3500 ppm     

T7     Silica powder@4000 ppm     

T8      Silica powder@5000 ppm    

T9      Untreated control 

                                           

 

                                   

 

 

 

 

 

 

 

 

                 Plate 3. Bottles containing Rava treated with silica 
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Plate 4.  Experimental setup for 27 small bottles containing Rava treated with silica 

 

 

 

 

 

 

                           

                                            Plate 5.  T1 – 1000 PPM treated - Rava 

 

 

 



19 
 

 

Plate 6.  T2 – 1500 PPM treated - Rava 

 

 

                                            

Plate 7.   T3 – 2000 ppm treated - Rava 

 

                                

Plate 8.   T4 – 2500 PPM treated - Rava 
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Plate 9.  T5 – 3000 PPM treated - Rava 

 

 

   

Plate 10.    T6 – 3500 PPM treated - Rava 

 

 

 

 

                                    

                                      Plate 11.   T7 – 4000 PPM treated - Rava 
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Plate 12.  T8 – 5000 PPM treated – Rava 

 

 

                                Plate 13.  T9 – Untreated control 

 

 

              

Plate 14.  Bulk density of different concentrations of silica – treated Rava 
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Plate 15.  Particle density of different concentrations of silica-treated Rava 

 

Oats mixed with silica powder and stored in glass jars 

The methodology followed in this study was adapted from previous 

research on the efficacy of silica-based powders against Tribolium castaneum 

(Selladurai et al., 2023; Vayias and Athanassiou, 2004). The Culturing of T. 

castaneum and the experimental setup generally followed the protocols 

described by Li et al. (2020) slight modifications have been made in respect to 

different silica concentrations. A weighing scale was used to determine that each 

one of the nine big glass bottles contained 100 grams of oats. One of the bottles 

served as untreated control, and all the other eight bottles were treated with 

concentrated silica powder treatment. Twenty-seven small glass bottles 

containing 10 grams of oats from each of the large bottles were filled. Ten 

insects were added to each small bottle. The silica-treated bottles had 

concentrations of 10000, 15000, 20000, 25000, 30000, 35000, 40000, and 50000 

ppm. Each concentration had three replicates (R1T1, R2T1, R3T1, etc.). 

Observations were done on days 1, 3, 5, 7, and 15 for insect mortality. 

Treatment details for oats 

T1   Silica powder@10000 ppm    

T2   Silica powder@15000 ppm    

T3   Silica powder@20000 ppm     

T4   Silica powder@25000 ppm    

T5   Silica powder@30000 ppm    

T6   Silica powder@35000 ppm    
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T7   Silica powder@40000 ppm    

T8   Silica powder@50000 ppm    

T9   Untreated control 

 

  

 

 

 

 

 

 

 

 

 

 

 

                                    

 

 

 

 

 

 

 

Plate 16. Bottles containing oats treated with silica 

 

 

 

 

 

 

                                     

               

 

Plate 17.  Experimental setup for 27 small bottles containing oats treated with silica 
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Plate 18.   T1 - 10000 PPM treated- oats 

 

 

                                 

Plate 19.  T2 - 15000 PPM treated - oats 

 

 

 

                                                              

Plate 20.  T3 -   20000 PPM treated - oats 
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Plate 21.  T4 - 25000 PPM treated – oats 

 

 

                              

 

 

 

 

Plate 22.  T5 - 30000 PPM treated - oats 

 

                                                          

                                         

 

 

 

 

 

Plate 23.  T6 – 35000 PPM treated – oats 
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Plate 24.  T7 - 40000 PPM treated - oats 

 

 

 

 

 

 

 

 

                                     Plate 25.  T8 - 50000 PPM treated - oats 

            

                                                                              

   

 

 

 

 

 

 

Plate 26.  T9 - Untreated control 
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                      Plate 27.   Bulk density of different concentrations of silica treated oats 

                        

                                    

Plate 28.  Particle density of different concentrations of silica -treated oats 

Plate 29.  View of T. castaneum treated with silica in oats 
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                                                   Plate 30. Moisture Analyzer 

 

 

        Plate 31. Rava Sample                                                            Plate 32.  Oat Sample 
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 OTHER LEARNED TECHNIQUES 

     

            1. SCANNING ELECTRON MICROSCOPE (SEM) 

 

 

           Plate 33. Scanning Electron Microscope, EVOLS15-CARL ZELSS (Germany) 

      Scanning electron microscopy (SEM), often known as SEM analysis or SEM 

technology, has been applied in several fields all around the world. When 

analyzing both organic and inorganic materials on a nanometer to micrometer 

(μm) scale, it can be considered a successful approach. With a high 

magnification of up to 300,000x and even 1000000 (in certain newer versions), 

SEM can provide incredibly accurate pictures of a variety of materials. 

Components and Working System of SEM  

Main Components of SEM      

The SEM machine comprises of the following components: - 

A. Source to generate electrons of high energy, it is called electron gun 

B.  Column down to move electrons using two or more electromagnetic 

lenses.  

C.  Deflection system consists of scan coils.  

D.  Electron detector for backscattering and secondary electron 
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E.  A chamber for the sample 

F.  The computer system comprises of a viewing screen that displays scanned 

pictures and a keyboard for controlling the electron beam. 

     SEM is a technology that allows one to glimpse the invisible worlds of nano 

and micro-space.  SEM is able to expose details and intricacy that light 

microscopy cannot.  All of this may be accomplished by using the below 

procedure: - 

SEM Analysis process 

a) A high-energy electron beam with an energy range of 100–30,000 electron 

volts will be used to do the study. For electron emission, a heat source is often 

employed.   

b) The SEM has lenses to compress the spot and focus the focused electron on 

the specimen since the spot size created by the gun is too big to provide a crisp 

image. Most SEMs have a spot size of less than 10 nm, and the signals that create 

a picture are produced by electrons captured from the final lens interacting with 

the material and penetrating as deep as 1 μm. 

c) The electron beam moves to distinct locations in the form of straight lines as 

a result of the scan coils' movement, creating a rectangular raster on the 

specimen's surface. This process creates the picture of the specimen point by 

point.  Every step relies on the necessary magnification.  In case when the 

operator desires a greater magnified image, the scan coils make the beam to 

deflect a cross a smaller region.  It is important to note that the working 

distance—the distance between the specimen's surface and the final lens—

affects magnification. In a contemporary SEM, this is resolved by automated 

correction. 

d) An electron detector is used to find the signals, or electrons, that are released 

from the scanned material. Without detectors, every signal produced by the 

interaction of the electron beam with the sample's surface may produce an 

incomprehensible picture on its own. The creation of SEM images uses both 

backscattered electrons (BSE) and secondary electrons (SE). The collection of 

both SE and BSE occurs when a positive voltage is applied to the collector 

screen. A negative voltage applied to the collector screen, however, will only 
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result in the collection of BSES. Both secondary and backscattered electrons can 

be detected using a scintillator detector. 

e) The operator will adjust the brightness and intensity until a reasonably clear 

image is obtained after the signals are shown on the viewing screen. 

Magnification more than 10,000x should be used if minute features inside the 

specimen are needed. 

f) The electron voltage mode (emitted by the gun) influences the supplied 

information. When low accelerating voltages of less than 5 kV are employed, 

the scanned picture will be rich in surface information. In contrast, high 

acceleration voltages (15-30 kV) penetrate beneath the surface, causing the 

reflected signal from the surface to contain information about the inside of the 

sample. 

g) The partially three-dimensional picture acquired by SEM is dependent on the 

visualization of the sample's topography in terms of form, size, and surface 

texture. And this is determined by the number of BSE and SEs. Surprisingly, the 

angle of inclination of the sample surface has a direct influence on raising both 

of the aforementioned quantities and, consequently, topographic contrast. An 

inclination (also known as tilt angle) of more than 50o to 70o increases the 

amount of BSE and SE signals to the peak. (Mohammed et al., 2018) 

Working principle 

     Electrons instead of light to illuminate samples. As electrons have much 

shorter wavelengths than light, much higher magnification is possible. Focused 

electron beam is scanned across a sample in a grid pattern and detectors record 

what comes from the sample. 

             Applications 

 Study the morphology, topography. 

 Analyze mineral and rock chemical compositions. 

 Conduct automated analysis of particles. 

 Analyze criminal evidence, coin forgery and toxicology. 

 It can also be used to investigate materials properties. 
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                        Plate 34. SEM image of silica deposition on red flour beetle 

    

2. ACID INSOLUBLE ASH TEST 

     Acid insoluble ash (AIA) is the fraction of ash that is insoluble in an acid, 

which is commonly a weak HCl solution. It is a portion of the total ash produced 

by incineration (dry ashing) of a test substance. While an ash is considered 

inorganic substance, AIA is primarily composed of silica (Shrivastava and 

Talapatra, 1962). 

PRINCIPLE 

    Acid insoluble ash is measured by dissolving the ash in weak hydrochloric 

acid (10% m/m), filtering the liquid through ashless filter paper, and thoroughly 

washing with hot water. The filter paper is then burnt in the original dish before 

cooling and weighing (Practical Manual – Chemical Analysis and Quality 

Assurance, n.d.). 

MATERIALS & EQUIPMENTS REQUIRED 

 Food samples – Oats, Rava 

 Balance machine 

 Muffle furnace 

 Hot air oven 
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 Desiccator 

 Hot plate 

 Porcelain crucible 

 Heat proof gloves 

 Spatula 

 Permanent marker 

 Tongs 

 Ashless filter paper 

 Measuring cylinder 

 Dropper 

 Concentrated Hydrochloric acid 

 Distilled water 

 Funnel 

 Standard flasks 

PROCEDURE 

 PREPARATION OF ASH: - Bring a clean porcelain crucible and place the 

crucible on balance machine & tare its weight. Weigh 2 grams of sample 

were burned in a Silica crucible above the burner.  The charred material was 

heated in a muffle furnace for 8 hours at 550 Degree Celsius. The ash created 

was white and carbon-free. After cooling, the sample was weighed using 

ash-less filter paper. Kadam et al. (2013). The sample is then charred.              

  After 30 minutes of burning, take the crucible out of the furnace, cool it, 

remove the lid, and check the ash. 

 To the ash content, add a few drops of distilled water. If black colour appears 

it indicates that the ash hasn’t become carbon free yet. 

  Burn again at 550 degrees Celsius until it becomes carbon free.  

 Place the crucible on hot plate& dry the moist ash completely. After the 

drying process, cover the crucible with a lid on top. After that, set the 

crucible in the furnace and let it burn for eight hours at 550 degrees Celsius. 

  After 40 minutes, remove the crucible from the furnace after it has cooled. 

Take off the lid and carefully observe the ash. 
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 Then add the distilled water as few drops to the ash for observing the 

presence of carbon. If no black colour develops, ash is completely carbon-

free. 

 40% HCL PREPARATION: - Dilute 40 ml of HCL (Conc.) with distilled 

water to obtain a total amount of 100 ML. Then, keep it in a normal flask in 

a dark, cool area. 

 Measure 25 ML of 40 % HCL solution. 

 Fill the crucible with ash and pour in the HCL solution. 

 Place it on the hot plate. Boil the ash content in HCL solution for 5 minutes 

for 80 Degree Celsius. (Magnetic stirrer). Now take the crucible off the hot 

plate with a pair of tongs. 

 Using an ashless filter paper, prepare a filter paper. Then, while the ash 

solution is still warm, filter it and observe that a few particles are stuck on 

it. These particles will be counted as acid insoluble ash. 

 Now heat the water and pour into crucible. After that, clean with the same 

filter paper for further filtering. 

 Add more hot water to remove any remaining HCL residue from the filter 

paper. 

 Filtration is complete. 

 Place the crucible & lid inside hot air oven, then dry the crucible at 110 

Degree Celsius for 30 minutes. 

 After 30 minutes of the drying process, cool it in a desiccator. After cooling, 

determine the weight of the dry blank crucible. Consider the crucible weight. 

  Fold filter paper gently to avoid losing filtrate. Place the folded filter paper 

in the prepared crucible. 

 Place the crucible inside the furnace and burn it at 550°C for 8 hours. Then 

remove it from the furnace and then cool it. 

 Now can see the Acid Insoluble Ash contents. Determine the weight and 

record it in the calculation. 
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 CALCULATION 

(WS) = Sample weight                 

(WC) = Crucible weight               

(WF) = Crucible + Ash weight     

  

       Acid insoluble ash %     =          WF-WC 

                                                   ------------------- X 100 

                                                             WS 

      

FLOW CHART – ACID INSOLUBLE ASH TEST 

 

WEIGH 2 GRAMS OF SAMPLE 

 

 

BURN SAMPLE OVER A BURNER 

(Heat the sample over a burner until it chars completely). 

 

PLACE IN MUFFLE FURNACE AT 550°C FOR 8 HOURS 

 

CONFIRM WHITE & CARBON-FREE ASH 

(If Black, repeat -Burn Again) 

 

PREPARE 40% HCL SOLUTION 

 

MEASURE 25ML OF 40% HCL AND ADD TO ASH 
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BOIL AT 80°C FOR 5 MINUTES ON HOT PLATE 

 

FILTER USING ASHLESS FILTER PAPER 

 

ADD HOT WATER TO REMOVE HCL RESIDUE 

(Rinse with hot distilled water to remove excess acid and soluble impurities) 

 

DRY CRUCIBLE IN HOT AIR OVEN AT 110°C FOR 30 MINUTES 

 

COOL IN DESICCATOR AND WEIGH CRUCIBLE 

 

FOLD FILTER PAPER AND PLACE IN CRUCIBLE 

 

BURN IN MUFFLE FURNACE AT 550°C FOR 8 HOURS 

 

COOL CRUCIBLE AND WEIGH ACID INSOLUBLE ASH 

 

RECORD FINAL WEIGHT 

 

CALCULATE ACID INSOLUBLE ASH 
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         Plate 35. Electric Stove                                                 Plate 36. Oat and Rava samples 

  

          Plate 37. Weighing Balance                                                 Plate 38. Muffle Furnace  

 

    Plate 39. Samples after Ashing                                                        Plate 40. Stirrer                                                                                                                                               

      Plate 41. Filtration                                                            Plate 42. Samples in Desiccator                                                                  
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3. EXTRACTION OF ESSENTIAL OIL FROM PLANTS USING CLEVENGER 

APPARATUS 

             CLEVENGER APPARATUS METHOD 

                                    Plate 43.  Experimental setup of Clevenger Apparatus 

 

 

 

     The Clevenger method is a specialized approach for extracting essential oils from 

plant sources, using the Clevenger equipment. This approach makes use of hydro 

distillation, a technique that uses water or steam to extract volatile chemicals more 

efficiently. J.F. Clevenger invented the Clevenger apparatus in 1928 with the goal of 

effectively separating and collecting essential oils. (Fagbemi et al., 2021). 

      Essential oils (EOs) are composite mixtures of low-molecular-weight volatile 

chemicals derived from plant components such as flowers, leaves, seeds, fruits, and 

stems of aromatic plants. 

 Key Components of the Clevenger Apparatus: - 

 

 Distillation Flask: Holds the plant material submerged in water. 

 

 Condenser: Cools the rising steam and volatile compounds, causing them to 

liquefy. 

 

 Oil Separator (Receiver): Collects the condensed mixture, allowing the 

separation of essential oil from water based on density differences. 
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According to Clevenger (1928), The apparatus is essentially made up of three 

parts: 

 (a) A round-bottomed flask in which the material containing the volatile oil and a 

given amount of water is placed;  

(b) A separator in which the oil is automatically separated from the distillate in a 

graduated tube, allowing a direct reading of the quantity of the oil; and 

 (c) A convenient condenser. 

     Essential oils (EOs) are compounds derived from various plant components, 

including leaves, stems, roots, and bark. Essential oils are chemically homogeneous 

compositions made up of a variety of fractions ranging from the most volatile to the 

heaviest terpenoids, which are natural compounds that are frequently produced as 

secondary metabolites and serve as plant defense phytochemicals (Shahin et al., 

2018). 

     The most effective technique for figuring out how much essential oil is in plants 

is the Clevenger device, which is based on distillation. Essential oil from neem 

leaves is typically extracted by steam distillation or hydro-distillation, and then 

analyzed using gas chromatography (GC) or gas chromatography linked to mass 

spectrometry (GC–MS). Extraction takes many hours, even though the second stage 

only takes 15 to 30 minutes. In boiling water, extraction is often accomplished by 

stirring and heating for a lengthy time (Ferhat et al., 2006). 

     Essential oils are steam-distilled combinations of naturally volatile components 

that have distinct fragrances from the plant parts they were extracted from. Among 

the techniques used to extract essential oils include steam distillation, hydro-

distillation, solvent extractions, and supercritical fluid extractions. Essential oils are 

considered of as chemical weapons for plants since they shield them from bacterial 

or fungal attacks. The phases of plant growth can also have an impact on the oil 

output from plants (Ilag et al., 2023). 

     MATERIALS REQUIRED 

 Fresh neem leaves 
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 1000 ML Round bottom flask 

 Condenser 

 Body tube 

 Distilled water 

 Connecting pipes 

    

PRINCIPLE:  STEAM DISTILLATION           

    The most common method for obtaining essential oils is steam distillation. To 

increase the overall yield, isolation was employed for a long time. Direct steam 

distillation was used to extract essential oils from a variety of plant species 

belonging to the Lamiaceae and Apiaceae families at various intervals of 1, 2, 

3, 6, 12, and 24 hours. The investigation covered both annual and perennial 

plants that were tracked at various harvest times (Božović et al., 2017). 

EXPERIMENTAL PROCEDURE 

PREPARATION OF PLANT EXTRACT 

             Fresh neem leaves were collected from CSIR- CFTRI, Mysuru. 

 

                   Plate 44.  Freshly plucked neem leaves 

 

NEEM LEAVES (Azadirachta indica) 

     Azadirachta indica (neem) is a well-known medicinal plant that has been 

used in the Indian traditional medical system (Ayurveda, Unani, Tibetan) for 

centuries to treat a variety of diseases. Neem leaves, bark extracts, oil, and neem-
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based products all have therapeutic benefits. Neem products have been shown 

to be anti-helminthic, antibacterial, and serve as a contraceptive and sedative 

(Ganguli, 2002). Although neem is naturally antibacterial (Aarati et al., 2011), 

its impact in biofilm-associated infections has yet to be investigated. 

MEDICINAL VALUES OF NEEM 

     Neem products have traditionally been used to treat various diseases such as 

heat-rash, boils, wounds, jaundice, leprosy, skin disorders, stomach ulcers, and 

chicken pox. Recent research confirms their curative properties and suggests 

that they may be used more widely in the future (El Astal et al., 2005). 

Additionally, quercetin, an antibacterial compound, has been discovered in 

neem leaves. 

     Neem is also an effective treatment for diabetes because it is a tonic and a 

revitalizer. Diabetes is more than just a condition that necessitates dietary 

changes; it is the primary cause of blindness in those between the ages of 25 and 

74. It also destroys the kidneys, heart, blood vessels, nerves, and may even cause 

limb loss (Obiora,2022). 

 EXTRACTION PROCESS       

STEAM DISTILLATION WITH THE CLEVENGER (HDC) 

According to Elyemni et al. (2019), sixty-five (65 g) of neem leaves were 

combined with 500 ML of distilled water and steam distilled using the Clevenger 

at 45°C under ideal operating circumstances. Five hours were spent on the 

distillation process, and the essential oil that was produced was gathered. 

                

                         Plate 45. Extracted essential oil from Clevenger Apparatus 
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EXTRACTION YIELD AND TIME 

     The extraction process took approximately five hours. The results indicate 

that the extraction process, which spanned approximately five hours, was 

effective in obtaining a considerable quantity of essential oil. Moreover, the data 

imply that extended extraction periods may lead to increased essential oil yields. 

 

FLOW CHART- CLEVENGER APPARATUS 

 

The fresh leaves of Azadirachta indica (Neem) Leaves were collected and weighed 65 

grams of neem leaves 

 

 

 

Set up the Clevenger Apparatus 

 

 

Neem leaves are chopped in to smaller fragments and then transferred to a round-

bottom flask, to which an equivalent amount of distilled water was added 

Add water for steam distillation and temperature is maintained at 45 degrees Celsius for 

3 hours (heat to suitable temperatures) 

 

Steam distillation begins 

 

 

 

Essential oil and water vapor condenses and then oil- water separation in Clevenger tube 
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collection of extracted essential 

 

Storage in a proper container 

                                                 

4. GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GCMS) 

Gas chromatography is used to separate and analyze multi-component 

mixtures, including essential oils, hydrocarbons and solvents. Temperature 

programs can improve GC results by distinguishing between identical 

compounds. Gas chromatography uses very sensitive flame ionization and 

electron capture detectors to quantify compounds at low concentrations. Plants 

are an excellent source of secondary metabolites with intriguing biological 

activity. Secondary metabolites have diverse structures and characteristics, 

making them a valuable source. Gas chromatography (GC) is a widely used 

chromatography technology. GC-MS is a highly recommended method for 

monitoring and tracking organic contaminants in the environment. Esters, fatty 

acids, alcohols, aldehydes, and terpenes may all be analysed using GC-MS. GC-

MS is a useful tool for analyzing and identifying novel chemicals, including 

those manufactured or derivatized. Gas chromatography is commonly used for 

a variety of applications. Its principal use is to separate and analyse multi-

component mixtures including essential oils, hydrocarbons, and solvents. GC-

MS is widely used in the pharmaceutical sector for analytical research, quality 

control, quality assurance, production, and pilot plants for active pharmaceutical 

ingredients (API), bulk medicines, and formulations.  It is used to design 

processes and methods, as well as identify API contaminants. It is a crucial 

component of research in medicinal chemistry (synthesis and characterization 

of substances), pharmaceutical analysis (stability testing and impurity profiling), 

pharmacognosy, pharmaceutical process control, and pharmaceutical 

biotechnology. (Al-Rubaye et al., 2017). Gas chromatography-mass 

spectrometry (GC-MS) is an effective analytical method for separating and 
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identifying volatile and semi-volatile chemicals and quantifying them. On the 

gaseous side, the GC separates compounds in a mixture based on the principles 

of volatility and behavior with the stationary phase, while the MS identifies 

compounds based on their mass-to-charge ratio (m/z) (Sparkman et al., 2011). 

Helium, as an inert gas, carries the evaporated sample through the 

chromatographic column. The separated compounds are ionized, fragmented, 

and detected, generating a unique spectrum for each compound in the mass 

spectrometer (McLafferty & Turecek, 1993). 

                   

Plate 46. Gas Chromatography-Mass Spectrometry (GC-MS) equipment 

 

Gas chromatography uses high-sensitivity flame ionization and electron 

capture detectors to quantify compounds at low concentrations.GCMS consists 

of two parts: - 

 

1. Gas Chromatography 

 

2. Mass Spectrometer 

 

Gas chromatography separates components from a sample mixture. 

Inside the mass chamber, separated components are bombarded by a beam of 

high-energy electrons and get ionized. High energy electrons cause the ionized 
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molecule to lose an electron and form a radical cation having a net positive 

charge. This ion further breaks to fragment pieces because of its unstable nature. 

The fragments travel through the mass spectrometer and mass analyzer and are 

recorded by the detector according to their mass-to-charge ratio (m/z). 

                                         

                                                PRINCIPLE 

The GC-MS experiment starts with sample preparation, injection, and 

separation on a GC column. Because the mass spectrometer runs at a high 

vacuum, an interface is needed to transfer molecules from the GC to the MS. 

The vapor stream coming out of the GC is highly pressurized, often above five 

times atmospheric pressure; however, the MS analyzer uses a high vacuum 

environment that is formed using a fore pump and a turbomolecular pump. In 

normal settings (capillary column, 1-2 mL/min flow rate, internal diameter of 

250-320 µm), the gas flow is managed by the turbomolecular pump, while the 

GC-MS interface comprises a heated metal tube. For longer columns or greater 

flow rates, an extra pump eliminates surplus gas before the sample reaches the 

MS.   

Analyte condensation or breakdown in the interface tube, which is 

normally heated 10 °C above the ultimate oven temperature, must be avoided. 

The molecules enter an ionization chamber in MS to be ionized and fragmented 

through very intense bombardment with electrons. The ions produced here, 

which consist of the molecule and its fragments, are then accelerated under the 

influence of electric or magnetic fields in mass analyzers and sorted according 

to their mass-to-charge ratio, i.e., m/z. The analyzer can sort through thousands 

of ions each second, in addition to a detector that detects electron currents when 

ions touch them. MS becomes the detector for GC by building a chromatogram, 

which quantifies all chemicals according to retention time (Lovestead and 

Urness, 2019). 
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 Plate 47. Schematic plot of the main components of GC–MS instrument 

 

           EXPERIMENTAL PROCEDURE 

           MATERIALS REQUIRED 

 Clevenger Apparatus – (for essential oil extraction) 

 Sample vials 

 Micropipettes (20,1000 & 100 micro liters) 

 Sealed caps 

 Syringe filter 

 Hexane (HPLC grade) – Stock solution 

PLANT COLLECTION AND ISOLATION OF ESSENTIAL OIL 

Coleus Aromaticus Benth. (Also known as Coleus amboinicus Lour and 

Plectranthus aromaticus Roxb.) is a dicotyledonous plant that belongs to the 

Lamiaceae family. It is a tiny fragrant plant, 30-90 cm tall, with fleshy leaves. 

In India, the plant is extensively distributed and cultivated in gardens. It is a 

folklore medicinal herb that is utilized by nearly all locals for its healing 

properties. (Tewari et al., 2011). The chosen medicinal plant namely as Coleus 

aromaticus leaves L belongs to the Solanaceae family (Mamani and Alhaji, 

2019). 

Chopra et al. (1956) identify the plant Coleus as one of the sources of 

Pashanabheda in the Indian medical system. Raw leaves of green country borage 

are typically served with butter and bread. It is Considered as an antispasmodic, 
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stimulant, and stomachic, it is used to treat fever, headache, dyspepsia, and 

epilepsy. It is used to cure a variety of ailments, including bronchitis, 

rheumatism, whooping cough, bug bites, indigestion, diarrhea, psychological 

stress, and toothaches and earaches (Warrier et al., 1995). Additionally, the plant 

is highly valued in contemporary medicine (Faleiro, Leonor et al., 2005; 

Dragland, Steinar et al., 2003). 

The plant sample, Coleus aromaticus, was obtained from the garden in 

March 2025 and validated at the Central Food Technological Research Institute 

(CSIR-CFTRI), Mysuru, India. The plant sample, Coleus aromaticus, was 

collected from the garden in march 2025 and authenticated at the Central Food 

Technological Research Institute (CSIR-CFTRI), Mysuru, India. The upper 

components of the plant sample were separated and thoroughly cleaned. The 

sample was stored in non-transparent plastic bags until the steam distillation 

process. The essential oil extraction was carried out using the Clevenger 

apparatus for 5 hours at 45°C.The essential oil of C. aromaticus was isolated 

from a 50 grams sample using the hydro distillation technique in a Clevenger-

type apparatus for 5 hours at 45°C, then stored in small glass bottles in the 

refrigerator until further analysis. The Plant sample was collected and prepared 

according to the previously reported procedure by Asfaw et al. (2003). 

CHARACTERIZATION OF ESSENTIAL OIL – GC-MS ANALYSIS 

Gas Chromatography-Mass Spectrometry measurements were 

performed according to the procedure proposed by Helal et al. (2015).  Hexane 

is served as the solvent for the preparation of the GC-MS analysis sample of 

Coleus plant extract. A stock solution of 1000 ppm was prepared by dissolving 

2 mg of 1000 ppm in 2 mL hexane. For preparing the working solution with 100 

ppm, 100 µl from the stock solution was diluted with 900 µl hexane. The final 

solution was filtered using a 0.22 µm syringe filter to remove any solid particles 

before injected into the GC-MS.  

The analysis of Coleus plant extract was done using GC-MS following 

a standardized method. The plant materials were harvested, dried, and extracted 

with hexane. The extract was then concentrated and filtered by means of a 0.22 

µm syringe filter to remove impurities. To produce the sample, 2 mg was 
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dissolved in 2 mL of hexane to make a 1000 ppm stock solution. Using 100 µL 

of this stock would yield a 100-ppm working solution dilution with 900 µL of 

hexane and filtered again. The sample prepared was then injected into the GC-

MS using the autosampler or micro syringe. During the GC phase, helium gas 

conveyed the material through a capillary column separating it on the basis of 

the boiling points and polarity of the components. The separated compounds 

were thereafter introduced into the MS detector, where they will be ionized, 

fragmented, and identified in terms of their mass-to-charge ratio (m/z). 

(Sasidharan et al., 2011; Adams, 2007). 

Application of GCMS in food science 

 GCMS is used to detect, quantify, and identify chemicals in amounts as small 

as a picogram in air, water, soil, plant and animal tissue, and many other 

substances in general. 

 Analysis of food Flavors and fragrances and food beverages 

 Analysis of fatty acid content in food oils. 

 Detection of pesticides in food samples. 

 Environmental monitoring. 

 Biological and pesticides detections. 

 GC-MS detects and measures pollutants, spoilage, and adulteration in food, oil, 

butter, and ghee, which should be managed and examined according to 

government regulations. 

 It is used in the analysis of piperine -50, spearmint oil, lavender oil, essential 

oil, fragrance reference standards, perfumes, chiral compounds in essential 

oils, fragrances, menthol, allergens, olive oil, lemon oil, peppermint oil, yiang 

oil, straw berry syrup, butter, triglycerides, residual pesticides in food and 

wine. 

 



49 
 

FLOWCHART - GC-MS 

 

                               Sample Collection 

            (Fresh Coleus plant material is collected) 

 

 

 

                                      Extraction 

                 (Extracted of essential oil using a Clevenger apparatus) 

 

                                  Filtration 

(Filtered using a 0.22 µm syringe filter to remove particulates) 
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                      Stock Solution Preparation 

(2 mg of extract dissolved in 2 mL hexane (1000 ppm). 

                                                          

                                 Working Solution Preparation 

              (100 µL stock solution diluted with 900 µL hexane (100 ppm)) 

 

 

 

 

 

                                         Final Filtration 

               (Solution filtered again using 0.22 µm syringe filter) 

 

 

                                     Sample is prepared 

 

 

 

                                   

GC Vial 
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Sample Injection 

(Injected into GC-MS manually or via auto-sampler.) 

 

Separation (GC Phase) 

(Compounds separate in the capillary column based on boiling points.) 

 

Detection (MS Phase) 

(Ionization, fragmentation, and detection by mass spectrometry (m/z ratio). 

 

          Data Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Experimental Results  
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 CHAPTER IV 

EXPERIMENTAL RESULTS 

4.1. Different parameters of oats treated with Silica particles 

In this research experiment, we aimed to examine a variety of factors, 

including moisture content (MC), bulk density (BD), particle density (PD), 

porosity (P). Our findings revealed that the moisture content ranged from 8.18% 

to 8.97%, with negligible variation across different treatments. Furthermore, the 

bulk density values ranged from 0.40 to 0.43 and particle density values ranged 

from 0.52 to 0.55, and porosity values exhibited from 20.84 to 29.66 respectively 

across different treatments (Table 1). 

4.2. Survival of Tribolium castaneum in oats treated with silica particles 

The data presented in Table 2 revealed that the survival of Tribolium 

castaneum was influenced by the silica particles used. The highest survival was 

observed in Control standard (T9) treatments with the greatest survival mean 

value of 10.00 insects of 10 tested, followed by T2 (15,000 ppm) with 7.56 mean 

survival and T1 (10,000 ppm) with an average of 6.78, while T8 (50,000 ppm) 

recorded the least with an average of 3.67 insects. The results proven that the 

survival of T. castaneum reduced with the increase in dosage levels of silica 

particles. This implies that means that silica is effective in reducing T. 

castaneum survival when used in higher concentrations. 

4.3. Death of Tribolium castaneum in oats treated with silica particles 

The data presented in Table 3 indicates that the amount of silica used had 

an impact on the mortality of T. castaneum. However, almost a constant mean 

value (1.67) of dead insects remained across various treatments (T1 to T8). The 

highest insect death was observed in T8 (50,000 ppm) on the 3rd day post-

treatment with a value of 8.00, followed by T5 (30,000 ppm) recording 5.67, T6 

(35,000 ppm) with 5.00, and T7 (40,000 ppm) with 6.00. The control treatment 

(T9) recorded no death of insects (0.00) throughout the period of observation. 

The cumulative mortality rate was progressed steadily and the mortality rate is 

seen to have gradually progressed with time after application in all treatments. 
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This demonstrates that silica particles had a fatal effect on the insect population 

over time. 

4.4. Mortality percentage of Tribolium castaneum in oats treated with silica 

particles 

In this experiment, we aimed to observe the mortality percentage of T. 

castaneum and objective in this experiment was to determine the T. castaneum 

mortality rate following varying exposure times of 1, 3, 5, 7, 10, and 15 days. 

The data in Table 4 demonstrates that the mortality rate of T. castaneum levels 

increased as the silica particle concentrations and exposure times increased. 

Maximum mortality of 100% was observed in treatments T3 to T8 by 15 days 

after the treatment. Treatment T8 (50,000 ppm) achieved 100% mortality as early 

as 5 days post-treatment, while T5 to T7 (30,000-40,000 ppm) recorded 100% 

mortality by 7 days post-treatment. The minimum mortality of insect pests was 

recorded in T2 (15,000 ppm) with 3.33% on day 3 after treatment, increasing to 

100% mortality by day 15. Control treatment T9 recorded 0.00% mortality 

throughout the experimental period. These results show that, indeed, silica 

particles can kill T. castaneum effectively, especially at higher concentrations 

and longer periods of exposure (Table 4). 

4.5. Determination of Acid Insoluble Ash Content in Treated and Untreated 

Oats and Rava 

The results presented in Table 5 reveal that the acid insoluble ash content 

of both treated oats and treated Rava samples increased significantly when 

compared to their untreated controls. The treated oats had an acid insoluble ash 

value of 0.35%, while untreated oats had a lower value of 0.14%. Similarly, the 

treated Rava had a higher acid insoluble ash percentage of 0.49%, compared to 

0.15% for the untreated Rava. 

The results show that the increase in acid-insoluble ash content in the 

treated samples suggests that an external mineral matter, perhaps silica, has 

gotten in through the treatment. It represents siliceous material which remains 

undissolved in dilute hydrochloric acid, as it is due to the deposition or retention 

of products like diatomaceous earth. The increased figures from treated oats and 

Rava samples suggest that silica treatment indeed works in mineralizing the 
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grains. The finding can support the statement raised earlier that said treatment 

would improve the protective nature of stored food products against pest 

infestation. 

4.6. Residual of silica on oats 

The results showed that after analysing residual silica on oats using EDX 

analysis, a single wash revealed that only a little quantity of silica was present 

on the oats. 

 

 

 

                             Plate 48. Silica treated oats 
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                        Table 1. Different parameters of oats treated with silica particles 

 

                     MC- Moisture Content; BD- Bulk Density; PD-Particle Density; P-Porosity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment 
Dose 

(ppm) 

MC 

% 
BD PD 

P 

% 

               T1 10000 8.56 0.40 0.52 22.93 

               T2 15000 8.77 0.40 0.53 25.33 

               T3 20000 8.73 0.41 0.52 20.84 

               T4 25000 8.97 0.41 0.55 26.01 

               T5 30000 8.42 0.41 0.55 26.00 

               T6    35000 8.47 0.41 0.56 27.38 

    T7 40000 8.18 0.40 0.57 29.66 

   T8 50000 8.66 0.43 0.54 20.33 

    T9 Control 8.85 0.40 0.51 22.66 
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Table 2. Survival of Tribolium castaneum (Herbst) in Oats treated with Silica 

Particles 

 

Treatment Dose 

(ppm) 

Survival of T. castaneum (nos./10 insects)* Mean 

1 DAT** 3 DAT 5 DAT 7 DAT 10 DAT 15 DAT 

T1 10000 10.00 9.67 8.33 7.67 4.33 0.67 6.78 

T2 15000 10.00 10.00 9.67 8.67 6.00 1.00 7.56 

T3 20000 10.00 10.00 5.67 4.00 2.33 1.33 5.56 

T4 25000 10.00 10.00 6.00 3.00 2.00 0.00 5.17 

T5 30000 10.00 10.00 4.33 4.33 0.00 0.00 4.78 

T6 35000 10.00 10.00 5.00 3.00 0.00 0.00 4.67 

T7 40000 10.00 10.00 4.00 3.00 0.00 0.00 4.50 

T8 50000 10.00 10.00 2.00 0.00 0.00 0.00 3.67 

T9 Control 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

 

          *Each value is the mean of three replications; **DAT: Days after treatment 
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             Table 3. Death of T. castaneum in Oats treated with Silica particles 

Treatment Dose 

(ppm) 

Death of T. castaneum (nos./10 insects)* Mean 

1 DAT** 3 DAT 5 DAT 7 DAT 10 DAT 15 DAT 

T1 10000 0.00 1.33 0.33 1.00 4.33 3.00 1.67 

T2 15000 0.00 0.33 1.00 2.67 5.00 1.00 1.67 

T3 20000 0.00 4.33 1.67 1.67 1.00 1.33 1.67 

T4 25000 0.00 4.00 3.00 1.00 2.00 0.00 1.67 

T5 30000 0.00 5.67 0.00 4.33 0.00 0.00 1.67 

T6 35000 0.00 5.00 2.00 3.00 0.00 0.00 1.67 

T7 40000 0.00 6.00 1.00 3.00 0.00 0.00 1.67 

T8 50000 0.00 8.00 2.00 0.00 0.00 0.00 1.67 

T9 Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

      *Each value is the mean of three replications; **DAT: Days after treatment 
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Table 4. Mortality percentage of T. castaneum in Oats treated with Silica Particles 

 

Treatment Dose 

(ppm) 

Morality percentage of T. castaneum* (%) 

1 DAT** 3 DAT 5 DAT 7 DAT 10 DAT 15 DAT 

T1 10000 0.00 13.33 16.67 26.67 70.00 100.00 

T2 15000 0.00 3.33 13.33 40.00 90.00 100.00 

T3 20000 0.00 43.33 60.00 76.67 86.67 100.00 

T4 25000 0.00 40.00 70.00 80.00 100.00 100.00 

T5 30000 0.00 56.67 56.67 100.00 100.00 100.00 

T6 35000 0.00 50.00 70.00 100.00 100.00 100.00 

T7 40000 0.00 60.00 70.00 100.00 100.00 100.00 

T8 50000 0.00 80.00 100.00 100.00 100.00 100.00 

T9 Control 0.00 0.00 0.00 0.00 0.00 0.00 

 

               *Each value is the mean of three replications; **DAT: Days after treatment 
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       Table 5. Acid insoluble ash (%) of treated and untreated oat and Rava samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Sample Type 

 

        Acid Insoluble Ash (%) 

 

 

 Treated oats 

 

                        0.35 % 

  

 Untreated oats 

 

                       0.14 % 

  

 Treated Rava 

 

                       0.49 % 

  

 Untreated Rava 

 

                       0.15 % 



 
 

Discussion 
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CHAPTER V 

DISCUSSION 

5.1. Different Parameters of Oat Grains Treated with Silica Particles 

The present study assessed various physical parameters of oat grains, 

including moisture content (MC), bulk density (BD), particle density (PD), and 

porosity (P), to find whether treatments with silica imparted any significant 

effects on the quality of grain. Data showed that moisture content, analysed from 

8.18% to 8.97%, showed no apparent variation. The bulk density ranged 

between 0.40 and 0.43 g/cm³; the particle density ranged between 0.52 and 0.55 

g/cm³. The porosity values displayed a slightly wider range from 20.84% to 

29.66%, but the differences were not substantial (Table 1).  

These similar results were supported by Kar et al. (2021), who reported 

no significant alterations in the core physical properties, such as moisture 

content, bulk density, and porosity, between the treated and untreated grains. 

These authors thus conclude that the application of silica particles as an 

insecticidal treatment did not negatively affect the structural integrity and 

storage attributes of the grains. Also, similar observations were made by Mewis 

and Ulrichs (2001) when it was found that inert dust like silica had little effect 

on the physical germ quality of the stored grains.  

Consistency of these physical properties is important for maintaining 

grain quality during storage and confirms that the application of silica particles 

as a pest control measure would not impair marketability or processing 

performance. 

5.2. Survival of Tribolium castaneum in Oat Treated with Silica Particles 

The survival of T. castaneum decreased progressively with elevation of 

the concentrations of silica particles and also longer exposure than one DAT. 

All treatments registered 100% survival at 1 DAT, indicating no visible adverse 

effects. However, a substantial drop in survival was recorded after 3 DATS, 

especially in higher silica concentration treatments. The lowest mean survival 

was noted in T₈ (50000 ppm) with 3.67 survivors, followed by T₇ at 4.50 
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survivors (40000 ppm) and T₆ at 4.67 survivors (35000 ppm). In contrast, T₂ 

(15000 ppm) recorded the highest mean survival (7.56 insects) among all 

treatments. Complete adult beetle kill was recorded at 15 DAT at higher 

treatments. 

These results, agreed by Mewis and Ulrichs (2001), who suggested that 

the survival of stored-product beetles decreased with increasing concentrations 

of diatomaceous earth. Likewise, Athanassiou et al. (2007) observed a swift 

decline in survival with the application of higher doses of inert dusts in treated 

grains. Korunic (1998) also stated that smaller particle sizes and greater 

application levels were effective in reducing the survival of stored-product pests. 

 This shows that at sufficiently high application rates, the silica particles 

definitely reduced the survivability of T. castaneum populations over time. This 

statement is true in the sequence of earlier works, commercializing silica as a 

formulated product as one key approach in an integrated pest management 

strategy for stored grain systems as an eco-friendly substitute for chemical 

fumigants. 

5.3. Death of Tribolium castaneum in Oats Treated with Silica Particles 

The number of dead T. castaneum individuals in treated oats increased 

over time and with increasing concentrations of silica. At 1 DAT, no deaths were 

observed in any treatment group. The mean number of deaths recorded was 

highest in treatments T₅ (30000 ppm), T₆ (35000 ppm), T₇ (40000 ppm), and T₈ 

(50000 ppm), each reaching a mean death count of 1.67 insects by 15 DAT. 

While this may appear numerically low due to the scale used (nos./10 insects), 

the consistency across treatments and the observed zero mortality in the control 

(T₉) supports the significant role of silica particles in inducing lethal effects 

gradually. 

These results are supported by earlier findings of Kavallieratos et al. 

(2005), who noted a consistent increase in the number of dead individuals of 

stored-product pests with prolonged exposure to silica dust. Similarly, Vayias 

and Athanassiou (2004) observed delayed mortality in beetle populations 

subjected to various inert dusts and confirmed the effectiveness of physical 

insecticides in producing steady death rates over time. This mode of action, 
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reliant on physical abrasion and desiccation rather than chemical toxicity, may 

explain the gradual increase in observed death counts. 

Thus, the increase in dead individuals over time in treated samples 

suggests a cumulative, physical mode of action. The data further supports the 

use of silica particles as a practical and environmentally friendly method for pest 

suppression in stored oats. 

5.4. Mortality of Tribolium castaneum in Oats Treated with Silica Particles 

The percentage of death was linked to increased dosage and exposure 

caused by T. castaneum. The variation between treatments could only be 

observed after 3 DAT. At 3 DAT count, the treatment with the highest 

concentration (T₈, 50000 ppm) recorded an 80.00% mortality and increased to 

by 5 DAT. Similar mortality was observed in T₅–T₇ (30000–40000 ppm), all 

achieving 100% mortality by the seventh day. T₃ (20000 ppm) and T₄ (25000 

ppm) became completely fatal after 15 DAT. T₁ and T₂ progressed slowly but 

eventually passed the 100% mortality mark at the end of the trial. The untreated 

control did not record any mortality. 

This corresponds to Subramanyam and Roesli (2000), which 

demonstrated that insect mortality increased with a higher concentration of 

diatomaceous earth and prolonged exposure period. T₆ (35000 ppm), T₇ (40000 

ppm), and T₈ (50000 ppm) are reported to deliver mortality figures under severe 

conditions almost exclusively at 15 DAT days when truly incredible figures 

were captured for adulthood. A much stronger dose-response is thus seen 

between silica concentration and percentage mortality. 

 Increased silica-based dusts resulted in greater levels of mortality 

inflicted upon stored-product beetles, findings reported by Fields and Korunic 

(2002). Results of Athanassiou et al. (2004) showed that during a laboratory 

setting, keeping T. castaneum populations in inert dusts produces slow death 

culminating in total mortality over time. 

The increase in mortality with increasing treatments and time is strong 

proof of effectiveness with silica as a physical insecticide. Supported are 

findings for silica particles, which can be focused into an environmentally sound 
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approach for pest management in grain storage with decreased reliance on 

traditional chemical fumigants. 

5.5. Determination of Acid Insoluble Ash Content in Treated and Untreated 

Oats and Rava 

In this study, the acid-insoluble ash content showed a definite increase 

for both treated oats and Rava as compared to the untreated oats and Rava. 

Treated oats had an acid-insoluble ash content of 0.35% and treated Rava 0.49%, 

whereas untreated oats and Rava had lesser acid-insoluble ash content, which 

corresponded to 0.14% and 0.15%, respectively. These findings indicate that the 

treatments, which most likely involved the addition of some silica or 

diatomaceous earth, did add considerably higher mineral content into both of the 

grain types. 

Our results are in agreement with those of Jaiswal et al. (2022), who also 

noted significant increases in acid-insoluble ash content with silica treatments 

in the grains, adding to enhanced mineral concentration. Khan and Sharma 

(2021) provided similar findings, revealing that silica-based treatments led to 

increased acid-insoluble ash in grains, implying enrichment with silica was 

taking place in the treated samples. 

Increased acid-insoluble ash in treated oats and Rava implies silica, 

which is consistent with the known effectiveness of silica against pest resistance. 

Ratanpati et al. (2023) reported the effectiveness of silica in the form of 

diatomaceous earth against Tribolium castaneum in stored grains. It correlates 

with our hypothesis that silica-based treatments boost resistance in the grains 

against the insect pest, wherein the increase in acid-insoluble ash correlates with 

increased durability and pest-repelling properties. 

Ratanpati et al. (2023) also reviewed previous work with similar 

objectives in regard to the effect of silica in the form of diatomaceous earth 

against Tribolium castaneum being effectively useful as a physical barrier 

injuring the insect's exoskeleton. Our result correlates with theirs in that higher 

acid-insoluble ash content in the samples treated indicates that silica is present, 

thus imparting, to some extent, pest resistance to our study finding. 
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Furthermore, our results also align with the study by Jaiswal et al. (2022) 

showed that grains treated with silica exhibited higher mineral contents 

predominantly as acid-insoluble ash without degrading the nutritional quality of 

the grains, hence corroborating the concept of enhanced pest resistance on one 

hand and better overall quality on the other following treatments with silica. 
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CHAPTER V I 

CONCLUSION 

This study investigated the various biological parameters such as 

survival, death count, and overall mortality of silica-treated Tribolium 

castaneum in preservative-covered oats. During the investigations, the results 

suggested that the use of silica was progressively reducing the survival of beetles 

under increasing concentrations and time of exposure. Adult beetles treated with 

high concentrations (35,000-50,000 ppm) showed significantly increased 

mortality, registering 100% beetle mortality in the highest dosage by 15 days 

after treatment. 

The results showed that silica application successfully suppresses the 

populations of T. castaneum without contradicting the physical quality of the 

oats. A strong dose-dependent effect was also observed, putatively highlighting 

the mechanism of action of silica as a physical insecticide depending on 

cuticular abrasion and desiccation instead of chemical toxicity. 

 Moreover, a minimal presence of detectable silica residue was seen on 

the treated oats; if required, this can be further reduced by standard cleaning 

processes employed after storage. This implies that silica particles could be 

considered a viable and residue-safe alternative to controlling insect pests during 

grain storage. 

 The results of this study thus confirmed available literature and also 

noted the success of silica-based treatment as a sustainable and environmentally 

friendly alternative to conventional chemical insecticides. Hence appropriate 

concentrations of silica could be rather a practical and long-term solution against 

Tribolium castaneum infestation of stored oats. 
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