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ABSTRACT

	
Aim: Chemical insecticides have been reported to cause health hazards; such as cancer, bioaccumulation, discomfort and allergy when applied on stored food produce. These has led to the search for a safer alternatives in the control of insect pests. Hence, this research was evaluated for the toxicity of four spices; Capsicum annuum and Capsicum frutescens, Curcuma longa, and Piper nigrum against bean and maize weevil.
Study design:  Conventional bioassay.
Place and Duration of Study: The study was conducted at Lagos State University, Nigeria between January 2023 and July 2023, and all the spices and grains used were collected from within the State.
Methodology: Adults of both insect pests were introduced into disposable cups containing the treated grains of various concentrations and control. Probit software was used to analyze the results and determine lethal concentrations of 50, 95 and 99% mortality.
Results: The results showed that the four spices were all effective against both test insect pests, and the powder being more effective than the whole form. The most lethal test spice on C. maculatus at 48hrs were the powder and essential oil of C. annuum fruits with LC50 values of 36.61g/kg and 0.44µl respectively. While C. annuum fruits was the most toxic to S. zeamais   with LC50 value of 176.40g/kg. The least lethal test spice on C. maculatus at 48hrs was the whole form of P. nigrum seeds and the essential oil of C. longa rhizomes with LC50 values of 481.86g/kg and 1.89µl respectively. The least lethal test spice on S. zeamais was the whole form of C. frutescens fruit which was barely toxic to the maize weevils. Mortality also increased with increased exposure time and concentration.
Conclusion: This study showed that the four test spices are effective in the control of both insect pests. It is recommended that C. annuum should be used as a substitutes to chemical insecticides for the control of insect pests. 
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1. INTRODUCTION

Storage insects continues to pose threats to food availability as insects have been reported to cause significant damage to produce and products while in storage. These damages can lead to loss of food quality, food safety concern and acceptability of the products. Coleopterans are regarded as major storage insect pests and their effects can lead to over 50% produce loss if left unchecked
Stored insect pests have long been one of the leading issues affecting agriculture worldwide [1]. Storage insects pests continues to pose threats to food availability as insects have been reported to cause significant damage to produce and products while in storage. These damages can lead to loss of food quality,  raise food safety concern due to microbial attacks and  lead to acceptability of the products. Coleopterans are regarded as major storage insect pests and their effects can lead to over 50% produce loss if left unchecked [2]. Pests cause loss to the farmers either reducing the quantity, the quality, or promoting spoilage of the stored food produce and thereby cutting short a major goal of agriculture by reducing the amount of food available for the population [3]. This has united entomologists and farmers throughout the world into achieving a common goal of developing an effective strategy to control these storage pests. 
Maize is an important crop which not only serves as food for man but also as feed for livestock and in industries as raw material [4, 5]. Based on a report by the Food and Agriculture Organization [6], the quantity harvested in 2019 was over a 1billion tonnes meaning that for every 10kg of plant produce in the world, at least 1kg is maize. It is second only to sugarcane as the most planted crop in the world and therefore contributes immensely in the reduction of world hunger. Cowpea (Vigna unguiculata) is an important legume that is consumed largely because it is widely available locally unlike other proteins  like frozen poultry, fish and milk which are  expensive and may not be readily available in developing Countries. This has made it the most consumed plant  protein  in West Africa [7]. Cowpea is therefore, an African rich-cheap protein food. It is a rich source of protein and cheap to buy.
Proper storage of these two crops are essential in many African nations because planting only occurs during the rainy season and the plant produce must be stored to ensure continual supply all year round [8]. This has been hard for farmers to achieve because of two common insect pests. The first is the maize weevil (Sitophilus zeamais), which attacks the maize in storage and can cause a destruction of up to 90% of the grains if left unchecked and untreated [9] and the second is the cowpea weevil (Callosobruchus maculatus), which causes destruction to beans both on the farm and during storage [10]. Thus the need to  develop an effective strategy to mitigate the effects of these two insect pests. 
Numerous methods  have been used by local farmers to combat these pests but the most widely used in Africa has been the application of chemical insecticides which are  effective but with attendant negative effects; such as  poisoning when improperly used. Insecticide poisoning  have been linked to over  220,000  deaths annually  [11]. In 2008, the Nigerian National Agency For Food and Drug Administration Control (NAFDAC) announced the hospitalization of over 100 people and  two deaths. These people had unknowingly consumed  "killer beans" which had high pesticides residue including Lindane. There have also been reported deaths in Gombe and Taraba States of Nigeria caused by killer beans [12]. This high level of toxicity in beans produced in Nigeria due to  application of chemical insecticides has also affected the country's economy. Nigeria cowpea exportation   was banned by the Euroupean Union because it  contained up to 4.6mg/kg of dichlorvos, which is higher than the typical maximum residue limit of 0.01mg/kg. This was 460 times more than the acceptable limits, this is considered very high   and could lead to toxic accumulation in human and animals [13]. Yet despite the negative effects associated with their use, local farmers still continue to use chemical insecticides heavily, prioritizing agricultural output over public health. 
Therefore. there  is need to  consider  a   control method which is relatively safe and affordable  with worldwide acceptability in  agricultural produce storage [14],"the challenge of finding a good alternative to replace these conventional insecticides has led to the bio-prospecting of plants with natural insecticidal properties." This method of using plants is not new as many African farmers troubled by insect pests have been mixing various seeds with their stored products for decades in other to protect them  from insect pest attacks [15]. The aim of this study was to assess the toxicity of four spices namely Curcuma longa, Piper nigrum, Capsicum annuum and Capsicum frutescens against these two storage insect pests to determine their suitability as a replacement for chemical insecticides as alternative  form of control in Nigeria and the world at large.


2. materialS and methods 

Experimental Station
The experiments were carried out in the laboratory of the Department of Zoology and Environmental Biology, Lagos State University, between January 2023 and July 2023. The temperature of the laboratory was 28 ± 2 0C and 17% ± 4% Relative humidity during the period of the study. 
Collection and preparation of test spice powders
Piper nigrum seeds, Curcuma longa rhizomes, Capsicum annum fruits, and Capsicum frutescens fruits were obtained from Mushin market in Mushin local government area of Lagos State. Using a clean, dried kitchen knife, the C. longa (rhizomes) were divided into pieces, and all plant materials were left to dry at room temperature for two  weeks in the laboratory. The plant materials were processed through a screen with a mesh size of 0.05 mm to standardize the particle size before being grinded  in CenturyR electric blender (Model CB-8231-E). Each plant powder obtained was kept separately in an airtight bottle until when needed for bioassays.
Extraction of Essential Oils
The essential oils used in this study were extracted using the Clevenger apparatus employing steam distillation  from 50g of test plant powders and this extraction was done when a 50g sample of blended  test plant was hydro-distilled for 4hr in an all-glass modified Clevenger-type apparatus according to British Pharmacopoeia standard methods for essential oil extractions as reported Fagbemi et al. [16].  The extracted oils were kept in air tight amber bottles which are sealed and kept in refrigerator  to prevent evaporation until needed  for bioassays. 

Collection of grains
The grains of cowpea(bean) and maize used  for  this study  were purchased from Alaba-Rago and Iyana-Iba markets in Lagos State. To distinguish the healthy grains from the damaged ones, the grains were hand-picked. The grains were sterilized by heating them for five hours at 50°C in a Gallenkamp laboratory oven (model DHG - 9101 SA) [17]. In preparation for the bioassay tests, the grains were stored in kliner jars and carefully covered. Each jar contained 500g of grains.
Culture of Test insect species
The Insects used for this study namely C. maculatus and S. zeamais were obtained from  insectary of Nigeria  Institute of Stored product Research (NSPRI) Yaba, Lagos. The insects were acclimatized in Post graduate Research Laboratory of Zoology Department, Lagos State University, Ojo, Nigeria and the first generation  of 0-2 days old were used in this study.  Adult C. maculatus were introduced into the jars containing the cowpea while adult S. zeamais were introduced in the jars containing maize. The jars were covered securely with a net held firmly in place by a rubber band and kept in the laboratory at 28°C ± 2°C temperature and 17% ± 4% Relative Humidity. After 7days, all adults were removed either dead or alive and new adults that emerged from each culture were used for the bioassay test. While control experiments were also set.

BIOASSAY 
The toxicity test of test spices against C. maculatus and S. zeamais was divided into three parts. The first part was to assess the toxicity of the whole  test plant materials. The whole  test plant materials include P. nigrum seeds, C. longa rhizomes, C. frutescens fruits and C. annum fruits. Twenty adults of C. maculatus (0-2 days old) were introduced into disposable cups holding 20g of disinfested cowpea and mixed with each whole  test plant material at concentration 0gkg-1 (control), 10 gkg-1, 20gkg-1 , 30 gkg-1,  40 gkg-1 and 50gkg-1. Each treatment and the control were replicated 4 times. Mortality of test insects was determined after 24, 48, 72 and 96 hours of exposure. Twenty active adults of S. zeamais (1-5 days old) were introduced into disposable cups holding 20g of disinfested maize grains and mixed with each test plant material at concentrations 0gkg-1 (control), 25gkg-1, 50gkg-1, 75gkg-1, 100gkg-1, and 125gkg-1. Mortality was recorded after 24, 48, 72 and 96 hours respectively. The second part was to assess the toxicity of the powders gotten from the test plants. Twenty adults of C. maculatus (0-2 days old) were introduced into disposable cups containing 20g of disinfested cowpea and mixed with powders from each test plant material at concentration 0gkg-1 (control), 10 gkg-1,  20gkg-1 , 30 gkg-1,  40 gkg-1 and 50gkg-1 grains. Each treatment and the control were replicated 4 times. Mortality of test insects was determined after 24, 48, 72 and 96 hours of exposure. Twenty active adults of S. zeamais (1-5 days old) were introduced into disposable cups holding 20g of disinfested maize grains and mixed with powders from each test plant at concentrations 0gkg-1 (control), 25gkg-1, 50gkg-1, 75gkg-1, 100gkg-1, and 125gkg-1 grain. Mortality of test insects was determined after 24, 48, 72 and 96 hours of exposure. The third part was to assess the toxicity of the essential oils gotten from the test plants. Thirty adult insects of C.maculatus were introduced into different glass jars. The Essential oil of each test plant at concentrations 0µl(control), 0.1µl, 0.2 µl, 0.3µl, 0.4µl, and 0.5µl was introduced on different filter papers which were then suspended in the glass jars holding the insects by using a 10cm white thread to prevent the filter paper from touching the bottom of the jar. After 24 and 48 hours of exposure, the mortality of the insects was recorded for each treatment and the control [18-20].
Determination of Quantal Response
The death of test insects was used as quantal response to determine toxicity of the test spice materials in all bioassays. Test insects were taken as dead, when they failed to move any limb or other parts of their body after gentle prodding of the exposed part of their body with a blunt pair of forceps.
Data Analysis
Insect mortality figures were converted to percentages. Median lethal toxicity values (LC50) were computed using a probit analysis [21] after correcting for mortality in the control. Significant differences between LC50 values were determined on the basis of computed fiducial limits (confidence limits). LC50 values with no overlapping confidence limits were considered significantly different.



3. results 

The respective test insects showed varied responses upon exposure to the different test plant materials namely P. nigrum seeds, C. annum fruits, C. frutescens fruits and C. longa rhizomes (whole form and powder form). The results of the bioassays on C. maculatus and S. zeamais are presented in Table 1 and Table 3 respectively.



Toxicity of C. annum fruits on the test insects
C. maculatus mortality was highest at 65.91% from the powdered treatment at 96 hours (Table 1). S. zeamais mortality was highest at 31.25% from the whole fruit treatment at 96 hours (Table 3). For both pests, there was no significant difference in the mortality caused by the powder and whole form as there was an overlap in the confidence limits (Tables 2, 4). 
Toxicity of P. nigrum seeds on the test insects
C. maculatus mortality was highest at 68.75% from the powdered treatment at 96 hours (Table 1). S. zeamais mortality was highest at 61.20% from the powered treatment at 96 hours (Table 3). For both pests, there was no significant difference in the mortality caused by the powder and whole form as there was an overlap in the confidence limits (Tables 2, 4).
Toxicity of C. frutescens fruits on the test insects
C. maculatus mortality was highest at 57.95% from the powdered treatment at 96 hours (Table 1). S. zeamais mortality was highest at 7.5% from the powered treatment at 72 and 96 hours (Table 3). For both pests, there was no significant difference in the mortality caused by the powder and whole form as there was an overlap in the confidence limits (Tables 2, 4).

Toxicity of C. longa rhizomes on the test insects
C. maculatus mortality was highest at 66.30% from the powdered treatment at 96 hours (Table 1). S. zeamais mortality was highest at 55.00% from the powered treatment at 96 hours (Table 3). For both pests, there was no significant difference in the mortality caused by the powder and whole form as there was an overlap in the confidence limits (Tables 2,4).


Table 1. Mortality of C. maculatus exposed to the test plants

	Plant material
	Conc (g/kg)
	Mortality (%)

	
	
	24 hours
	48 hours
	72 hours
	96 hours

	Control
	0
	0
	0
	0
	0

	Whole form of  C. annuum fruit
	10
	5.00
	10.20
	20.41
	26.09

	
	20
	10.00
	12.24
	23.47
	29.35

	
	30
	13.75
	16.33
	30.61
	39.13

	
	40
	17.50
	23.47
	37.76
	41.30

	
	50
	21.25
	24.49
	37.76
	45.65

	Powered C. annuum fruit
	10
	15.63
	23.08
	40.00
	54.55

	
	20
	23.96
	34.07
	47.78
	57.95

	
	30
	26.04
	34.07
	51.11
	64.78

	
	40
	29.17
	39.56
	60.00
	65.91

	
	50
	33.33
	43.96
	61.11
	65.91

	Whole form of  P. nigrum seed
	10
	0.00
	0.00
	1.03
	11.96

	
	20
	0.00
	5.00
	8.25
	16.30

	
	30
	1.25
	6.25
	10.31
	18.48

	
	40
	2.50
	7.50
	11.34
	25.00

	
	50
	5.00
	7.50
	13.40
	27.17

	Powered P. nigrum seed
	10
	3.75
	21.25
	40.82
	54.38

	
	20
	6.25
	27.50
	45.92
	59.38

	
	30
	7.50
	33.75
	45.92
	61.46

	
	40
	10.00
	36.25
	52.04
	65.43

	
	50
	16.25
	42.50
	55.10
	68.75

	Whole form of  C. frutescens fruit
	10
	8.75
	10.42
	18.48
	28.57

	
	20
	8.75
	13.54
	21.74
	36.27

	
	30
	8.75
	15.63
	25.00
	38.46

	
	40
	10.00
	18.75
	36.96
	49.45

	
	50
	12.50
	19.79
	38.04
	51.65

	Powdered C. frutescens fruit
	10
	9.09
	11.58
	12.08
	18.18

	
	20
	11.11
	20.00
	25.27
	30.68

	
	30
	11.11
	23.16
	23.08
	31.82

	
	40
	14.14
	25.26
	25.27
	37.50

	
	50
	23.23
	31.58
	46.15
	57.95

	Whole form of  C. longa rhizome
	10
	9.18
	15.75
	20.89
	21.59

	
	20
	12.24
	17.89
	23.08
	27.27

	
	30
	13.27
	21.05
	27.47
	32.50

	
	40
	13.27
	21.05
	29.67
	42.91

	
	50
	16.32
	23.16
	35.16
	47.73

	Powdered C. longa
	10
	3.75
	15.00
	18.09
	26.09

	
	20
	8.75
	25.00
	28.72
	41.30

	
	30
	12.50
	30.00
	31.90
	47.83

	
	40
	16.25
	35.00
	40.43
	56.52

	
	50
	22.50
	43.75
	53.19
	66.30









Table 2. LC50 values of the test plants on C. maculatus at 48 hours

	Treatment
	LC50 (gkg-1)
	95% Confidence Interval
	Chi Square
	Slope

	Powdered C. annuum fruits
	36.61
	22.697 - 83.226
	0.587
	0.92±0.31

	Whole C. annuum fruits
	161.66
	78.31 - 4050.80
	6.06
	2.24±0.39

	Powdered P. nigrum seeds
	94.07
	58.54 - 892.39
	0.226
	0.85±0.28

	Whole P. nigrum seeds
	481.86
	142.75- 11006188.00
	2.304
	1.34±0.54

	Powdered  C. frutescens fruits
	96.24
	55.69 - 755.90
	0.371
	0.06±0.02

	Whole form of  C. frutescens fruits
	335.89
	204.77- 756.80
	0.627
	0.66±0.36

	Powdered C. longa rhizomes
	76.34
	51.87 - 200.81
	0.418
	1.19±0.29

	Whole form of  C. longa rhizomes
	282.11
	151.05 - 4369.2
	0.154
	0.96±0.33















Table 3. Mortality of S. zeamais exposed to the test plants


	Plant material
	Conc (g/kg)
	Mortality (%)

	
	
	24 hours
	48 hours
	72 hours
	96 hours

	Control
	0
	0
	0
	0
	0

	Whole form C. annuum fruits
	25
	0.00
	0.00
	8.75
	6.25

	
	50
	8.75
	17.50
	25.00
	20.83

	
	75
	13.75
	20.00
	27.50
	25.00

	
	100
	20.00
	27.50
	35.00
	27.08

	
	125
	25.00
	35.00
	37.50
	31.25

	Powered C. annuum fruits
	25
	0.00
	0.00
	0.00
	0.00

	
	50
	3.75
	5.00
	6.25
	6.25

	
	75
	3.75
	10.00
	11.25
	11.25

	
	100
	5.00
	12.00
	17.50
	17.50

	
	125
	10.00
	22.50
	28.75
	30.00

	Whole P. nigrum seeds
	25
	5.00
	11.25
	13.75
	17.25

	
	50
	8.75
	16.25
	17.50
	26.25

	
	75
	12.50
	17.50
	26.25
	33.75

	
	100
	15.00
	23.75
	32.50
	41.50

	
	125
	18.75
	28.75
	36.25
	47.50

	Powdered P. nigrum seeds
	25
	0.00
	1.25
	5.10
	6.12

	
	50
	0.00
	7.50
	23.47
	43.89

	
	75
	0.00
	10.00
	29.59
	46.94

	
	100
	6.25
	18.75
	35.70
	51.02

	
	125
	6.25
	26.25
	36.73
	61.20

	Whole form of C. frutescens fruits
	25
	0.00
	0.00
	0.00
	0.00

	
	50
	0.00
	0.00
	0.00
	0.00

	
	75
	0.00
	0.00
	0.00
	0.00

	
	100
	0.00
	0.00
	0.00
	0.00

	
	125
	1.25
	1.75
	0.00
	1.25

	Powdered C. frutescens fruits
	25
	0.00
	0.00
	0.00
	0.00

	
	50
	0.00
	0.00
	0.00
	0.00

	
	75
	0.00
	2.5
	3.50
	3.50

	
	100
	0.00
	0.00
	0.00
	0.00

	
	125
	2.5
	5.00
	7.50
	7.50

	Whole form of  C. long a rhizomes
	25
	6.12
	12.50
	25.53
	28.50

	
	50
	11.22
	18.75
	29.78
	34.07

	
	75
	14.29
	22.90
	36.17
	40.66

	
	100
	17.35
	25.00
	40.43
	46.15

	
	125
	23.47
	30.20
	43.61
	48.35

	Powered C. longa rhizomes
	25
	6.26
	10.00
	17.50
	25.00

	
	50
	10.00
	16.25
	22.50
	28.75

	
	75
	15.00
	23.75
	32.50
	40.00

	
	100
	27.50
	27.50
	37.50
	46.25

	
	125
	31.25
	31.25
	46.25
	55.00






Table 4. LC50 values of the test plants on S. zeamais at 48 hours
	Treatment
	LC50  (gkg-1)
	95% Confidence Interval
	Chi square
	Slope

	Powdered C. annum fruit
	257.52
	180.94 - 611.07
	1.40
	2.51±0.56

	Whole form of  C. annuum fruit
	176.40
	138.93 - 274.50
	6.06
	2.24±0.39

	Powdered P. nigrum seeds
	251.69
	177.08 – 562.11
	0.74
	2.20±0.47

	Whole form of  P. nigrum seeds
	610.15
	244.92 - 57569.36
	0.68
	0.91±0.3

	Powdered C. frutescens fruit
	589.06
	55.69 - 755.90
	4.15
	0.06±0.02

	Whole form of C. frutescens fruit
	-
	-
	-
	-

	Powdered C. longa
	326.79
	184.91 - 1859.42
	0.09
	1.16±0.31

	Whole  C. longa
	282.72
	157.91 -
	0.19
	01.62±0.8






Comparison of the Toxicity of Test Essential Oils of P. nigrum seeds, C. longa rhizomes and fruits of C. annum against C. maculatus

The Essential Oils of seeds, rhizomes and fruits of the spices tested respectively against C. maculatus demonstrated varied toxicities as shown in the different computed LC50 values (Table 5). The results showed that C. annum essential oil was the most effective, having the lowest LC50 value (0.44µl) after 48 hours of exposure while the essential oil from C. longa was least effective with an LC50 value of 1.89µl. The differences in the effectiveness of the essential oils were significantly different when each essential oil was compared with another since their respective confidence intervals did not overlap (Table 5). 

Table 5. LC50 values of the test essential oils on C. maculatus 
	Test Insects
	Length Of Exposure (Hours)
	LC50 (µL)
	Chi Square
	Slope± (SE)
	95% Confidence Interval

	C. annuum
	24
	0.69
	1.45
	1.54  ±  0.29
	0.52  
	1.21

	
	48
	0.44
	1.33
	1.31  ±  0.26
	0.35 
	0.66

	P. nigrum
	24
	5.32
	0.55
	0.74  ±  0.30
	1.39 
	683793.06

	
	48
	1.25
	0.94
	0.83  ±  0.27
	0.66  
	16.41

	C. longa
	24
	5.58
	0.62
	0.73  ±  0.30
	1.41  
	1537357.00

	
	48
	1.89
	0.56
	0.56  ±  0.26
	0.70  
	13151280.00







4. Discussion 

There has been countless reports about the detrimental effects of using chemical insecticides to control stored insect pest but there has been none caused by the use of botanicals [22]. This has shown that using botanicals is safer by a long shot than chemical insecticides. Several researchers have also shown that seeds of cowpea and maize treated with botanicals maintain their quality and viability [23 - 25]. Since it has been established that botanicals are not only effective but also safe, this study was conducted to assess how effective the whole, powder and essential oil of P. nigrum seeds, C. annuum fruits, C. frutescens fruits and C. longa rhizomes were against C. maculatus (cowpea weevil) and S. zeamais (maize weevil) in controlling them. From the result it was seen that the powered form of the four plant materials was more effective than the whole form on C. maculatus while in S. zeamais, only the whole form of C. annuum fruits was more effective than the powdered form. The most lethal test plant on C. maculatus at 48hrs was the powdered form and essential oil of C. annuum fruits with LC50 values of 36.61g/kg and 0.44µl respectively. The most lethal test plant on S. zeamais was the whole C. annuum fruits with LC50 value of 176.40g/kg. The least lethal test plant on C. maculatus at 48hrs was the whole form of P. nigrum seeds and the essential oil of C. longa rhizomes with LC50 values of 481.86g/kg and 1.89µl respectively. The least lethal test plant on S. zeamais was the whole form of C. frutescens fruit which was barely toxic to the maize weevils. Although C. frutescens caused very low mortality in S. zeamais and was not considered significantly toxic, we believe that with increased time of exposure there could be an increase in mortality. This can be backed with evidence [26], who reported that C. frutescens showed 75% mortality of S. zeamais 33 days after treatment. Also, the overall highest percentage mortality in both pests was caused by the treatment with powdered P. nigrum seeds. This is in line with a work [27] which showed high mortality in S. zeamais when treated with powdered P. nigrum. Pumnuan et al. [28] also had a similar result in his investigation on P. nigrum insecticidal activity on C. maculatus where it caused the highest mortality compared to other plant materials. C. longa also demonstrated toxicity against each of the two test insect species. The highest percentage mortality recorded for the powdered form was 66.3% for C. maculatus and 55% for S. zeamais.  This is similar albeit with a lower mortality to a work [29] which recorded 81% mortality on S. zeamais treated with powdered C. longa. Generally, the powdered form appeared to be more effective than the whole form in insect control. The higher mortality could be due to the insects’ mode of feeding as stated by Ogunleye [30] that "The powders and extracts covering the testa of the treated grains serves as food poison to the adult weevil". It could also be due to spiracle blockage by the powders [31]. The results from all three Essential oils used in this study also showed insecticidal activity against C. maculatus. This is in agreement with the work of Bezabih et al. [32].Other researchers who have also shown that essential oils possess insecticidal properties [33-35].



5. Conclusion

In conclusion, chemical insecticides used against stored food pest are unsafe and should be avoided at all means if possible. Local farmers should be encouraged to use botanicals are they are eco-friendly and effective. Though from this study, it can be seen that the concentration of plant materials and the length of pest exposure had a positive correlation with the mortality rate, it doesn't raise serious concerns.  This is because all four plant materials are edible to humans, so an increase in concentration would only be harmful to the pests. The authors recommend that C. annum be used as an excellent substitute for chemical insecticides in the management of these two stored insect pests. 
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