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Introduction

Presently, crop loss due to pest attack is a big problem. The losses of crops caused by insect pests are 
quite high in developed and developing countries as well. Though it is intended that crop protection 
is aimed at avoiding or preventing crop damage, data on different pests’ effect is less available. Almost 
10% to 90% of crop damage occurs due to pest infestation. Dhaliwal et al. estimated that crops 
were harmed by around 10,000 insect species and about 1000,000 diseases, which were caused by 
microorganisms [1]. Oerke et al., estimated losses in cash crops due to pest infestation at 42.1% and 
in 2006, he updated the data as 32.1 % for the period from 2001-2003 [2]. The estimated crop loss 
data are 26-29 % (wheat, cotton, and soybean), 31% (maize), 37% (rice) and 40% (potatoes).

During the early 2000s, the losses increased considerably due to the intensification of agriculture. 
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The maximum losses were indicated in cotton (50%), which was 
followed by sorghum and millet (30%), oilseeds, maize, and rice, 
each 25% [1]. The loss has shown a significant increase from 7.2% 
in the early 1960s to around 23% in the 2000s. An increase in the 
loss has been maximum in cotton (18-50%) followed by millet and 
sorghum (3.5 to 30%), maize (5 to 25%), and oilseeds other than 
groundnut (5 to 25%). The cotton crop continues to suffer the 
maximum losses (30%) followed by rice (25%), sugarcane, rapeseed-
mustard (each 20%), maize (18%), groundnut, pulses (15%), 
other oilseeds (12%), course serials (8%), and wheat (5%). Indian 
agriculture suffers annual losses of about US$ 36.0 billion due to the 
ravages of insects in the field. This is a colossal loss, and all our efforts 
should be made to bring the losses to the minimum so that access to 
food is increased for the expanding population. So, to reduce the loss, 
people started to use chemical pesticides. However, the World Health 
Organization (WHO) reported that around two hundred thousand 
people were killed every year due to chemical pesticide poisoning. 
World Resource Institute reported that more than 500 insects were 
resistant to insecticides. 

However, some plants produce chemical compounds that 
are used to control different pests. In the past, Chrysanthemum 
(Chrysanthemum cinerariaefolium) was the best-known example that 
was used as a finely ground form as the botanical insecticide. Some 
locally available plants like Derris, Nicotiana, Ryania were used as the 
first generation botanical pesticides to control phytophagous pests 
like ectoparasites (lice, fleas). It was an old way to control pests [3].

Cymbopogon spp. were used to protect granaries against 
damaging insects in Greek (2000-200 B.C.) and in Rome (500 BC-
76AD) [4]. In around 400 B.C, during king Xerxes’ kingdom, finely 
powdered dry flowers of pyrethrum were used for delousing children 
[5]. Pyrethrum is one of the most widely used botanical pesticides 
globally, which was extracted from Chrysanthemum. In East 
Africa, this plant was grown as cash crops by farmers [6]. In ancient 
Rome, some aromatic plants were used to fumigate the storehouses 
of threshed grains and put at the entry of those storehouses [7,8] 
like rosemary, juniper, and myrrh. Thus, people came to know the 
repellent effect of aromatic plant parts and eventually, the concept 
was developed among the people [9]. In this period, the extracts from 
the roots of Helleborus niger L. were also used as rodenticides.

In Persia, the disease scabies caused by Sarcoptes scabiei L, was 
treated using some essential oils [4]. In the 17th century, nicotine 
obtained from tobacco leaves was used as a botanical insecticide 
against palm beetle. New botanical insecticide rotenone was 
introduced in 1850 from the root of Derris sp. [5]. 

In Europe, after the 2nd world war, botanical insecticides were 
gradually decreased and replaced by chemical insecticides like 
organochlorines and organophosphates [10]. People started to use 

chemical pesticides because they were easy to handle and persisted 
for a long time. Today, pesticide consumption in some developed 
countries is almost 3000 g/ha. Since pest management in India mainly 
depends on synthetic pesticides, excessive use leads to environmental 
pollution and health hazard.

According to the Environmental Protection Agency (EPA), safer 
insecticides must-have properties like nontoxic to non-targeted pests, 
less persistent in the environment. Koul and Dhaliwal in 2001, and 
Koul and Walia in 2009, reported that botanical pesticides and their 
active ingredients are the safer formulations of plant extracts [11,12]. 
Botanical pesticides can be classified into two major groups based on 
their production procedure. The first group of botanical pesticides is 
grown and produced by farmers themselves using their conventional 
traditional knowledge. They are generally called farming products. 
During the development of these agricultural products, people use 
some locally available plants with pesticide property [8]. In this 
process, it is difficult to know how many plant species are used 
in making botanical pesticides. Many studies have tried to gather 
information about utilizing locally available medicinal plants in 
plant protection [13]. Mkenda et al., in 2015, found that extracts 
obtained from the species of weed like Tithonia diversifolia, Vernonia 
amygdalina, Lippia javanica can control the major pests of Phaseolus 
vulgaris L [14]. Small companies produce a second group of botanical 
pesticides. One of the well-known examples of such products is a 
neem product. These products have the highest share in the global 
market, obtained from the seeds, bark, and leaves of Azadirachta 
indica. Limonoids are the active ingredients of neem extracts, which 
have insecticidal, antifeedant, and repellent properties [7,15-17].

Plants with Pesticidal Properties

Sweet flag (Acorus calamus)

The common name of Acorus calamus is the sweet flag, which 
belongs to the family Araceae. Many ethnobotanical, ethnomedicinal, 
and insecticidal properties have been found in the rhizome of the 
plant species [18]. Parekh et al., in 2007, experimented with the 
analysis of preliminary phytochemicals of screened medicinal plants 
and the result showed that flavonoid, alkaloid, and cardiac glycoside 
are present in the plant Acorus calamus [19]. Raina et al., in 2002, 
analyzed leaf oils and rhizome oils of Acorus calamus by using GC 
and GC-MS and identified around 30 compounds from leaf oils 
and 29 compounds from rhizome oils [20]. The major constituents 
found in rhizome oils were β-asarone (83.2%), α-asarone (9.7%), 
and β-asarone (85.6%) and linalool (4.7%) in leaf oils. The various 
constituents of essential oils were obtained from the rhizomes 
of Acorus calamus having insecticidal properties as they have the 
potentiality to develop natural fumigants to control the book. 
Structures of α-Asarone, Methyleugenol, β-Asarone, and (E)- methyl 
isoeugenol were depicted in Figure 1. 
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Figure 1: Structures of α-Asarone, Methyleugenol, β-Asarone, and (E)- methyl isoeugenol. 
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Neem (Azadirachta indica)

The common name of Azadirachta indica is neem. It is also 
known as margosa, which belongs to the family Meliaceae. Different 
non-wood products of neem like flowers, leaves, fruits, bark, gum, 
oil, and neem cake have antifeedant, anti-fungal, insecticidal, 
larvicidal, nematicidal and other biological activities [21]. The 
key active ingredient of neem is azadirachtin (Figure 2), which is 
triterpenoid and is known to cease insect metamorphosis [22]. This 
component mainly acts on weevils, termites, and aphids. Many 
neem biopesticides are commercialized in Indian and international 
scale [23].

Yam bean (Pachyrhizus erosus)

The common name of Pachyrhizus erosus is yam bean, tuberous 
legumes belong to the family Fabaceae. It is known to have pesticidal 
properties and it is considered as potential medicinal plants. The 
leaves of yam bean have toxic effects on larvae of many insects. The 
major constituents of yam bean are isoflavonoids. Isoflavonoids and 
rotenone were also isolated from the seeds of Pachyrhizus. Structures of 
Rotenone, Isoflavonoid were depicted in Figure 3. Seven compounds 
i.e., 12-a-hydroxydolineone, a-naphthoflavone, 12a-hydroxy 
rotenone, 12a-dehydropachyrrhizone, 12a-hydropachyrrhizon, 
Pachyrrhizine, and 12a- hydroxy rotenone were isolated from yam 
bean showed pesticidal activity against Aedes albopictus’ larvae. They 
further reported that six other compounds like quercetin dihydrate, 
6-methyl-flavone, 5-methoxy flavone, 4-hydroxy-flavanone, 
7-hydroxyflavone, 3-hydroxyflavone and 3-hydroxyflavanone 
isolated from yam bean showed insecticidal property against Aphis 
gossypii (apterae) [24]. 12a-hydroxydolineone possessed insecticidal 
activity against Herse convolvuli larvae and 12a-hydroxyrotenone 
exhibited toxicity to the Plutella xylostella. 
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 Figure 3: Structures of Rotenone and Isoflavonoid. 

Karanja (Pongamia glabra)

Pongamia glabra is commonly known as Karanja. Oil extracted 
from Karanja is prepared as a pesticide by making a nano-emulsion 
for the control of the Tribolium castaneum, a secondary pest of stored 
grains. The aqueous filtrate obtained from the solid cake causing 
insecticidal properties [25].

Arjun tree (Terminalia arjuna)

The common name of Terminalia arjuna is Arjun, which belongs 
to the family Combretaceae. Bark is the major plant part of having 
pesticidal properties. Arjunic acid, Arjunetin, and Arjugenin are the 
three major components present in the bark of Terminalia arjuna 
with the antifeedant property [26]. Structures of Arjunic acid, 
Arjungenin, and Arjunjetin were depicted in Figure 4.
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 Figure 4: Structures of Arjunic acid, Arjungenin, and Arjunjetin. 

Marigold (Tagetes sp.)

The common name of Tagetes sp. is marigold belongs to the 
family Asteraceae. The whole plant of marigold possesses pesticidal 
properties. The insecticidal activity of the plants in Tagetes L. is 
mainly originated from Thiophene derivatives. Alfa-Terthienyl is 
the most effective compound then other thiophene derivatives [27]. 
Thiophenes possess one, two, and three aromatic sulfur-containing 
rings linked together by alpha carbons (Figure 5). Marigold contains 
sulfur-containing compounds with potent insecticidal activities [28].
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Figure 5: Structure of Thiophenes. 

Kuchla (Strychnos nuxvomica)

The common name of Strychnos nuxvomica belongs to the family 
Annonaceae [29]. The seed of this plant has the pesticidal properties. 
The seeds contain approximately 1.5% strychnine and the dried 
blossoms contain 1.0%. Strychnine, which is used as a pesticide 
(Figure 6).
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Figure 5: Structure of Thiophenes. 

Mahua (Madhuca latifolia)

The common name of Madhuca latifolia is mahua, which belongs 
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Figure 2: Structure of Azadirachtin. 
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to the family Sapotaceae. Seed and bark of this plant have significant 
pesticidal properties [30]. It contains saponins, triterpenoids, 
steroids, saponins, flavonoids, and glycosides. Mahua bark contains 
ethyl cinnamate, sequiterpene alcohol, α-terpeneol, 3β-monocaprilic 
ester of eythrodiol, and 3β-capryloxyoleanolic acids. α and β amyrin 
acetates and mahua seeds contain myrisic, palmitic, stearic acid, 
α-alanine, aspartic acid, cystine, glycine, isoleucine and leucine, 
lysine, methionine, proline, serine, threonine, saponin, quercetin, 
linoleic, and oleic acid [31]. Saponin serves as an anti-feedant in 
plants. 

Pre Extraction Methods

For the preservation of the bioactive components of plant 
samples, the pre-extraction preparation is needed. Phytochemicals 
occur in various plant parts like leaves, fruits, flowers, and roots. 
They can be derived from fresh or dried and ground or powdered 
samples. Azwanida et al., (2015) are reported that dried samples 
were more efficient for the extracting of bioactive compounds than 
fresh samples [32]. Extraction from dried samples takes lesser time 
for experiments than the fresh samples. Experimental work is done 
after three hours of harvesting to keep the freshness of samples. Fresh 
samples are soft and get quickly deteriorated than the dried samples. 
A comparative study between the dried and fresh Moringa oleifera 
leaves showed that phenolic content is not significant but flavonoid 
content is high in dried samples [33].

On the other hand, particle size is inversely proportional to the 
surface area. As the powdered samples have smaller particles and are 
more homogenized than ground samples, it allows the target analytes 
to more contact surface with the extraction solvents. Particle size is 
considered as a significant factor in the case of solvent and enzyme-
assisted extraction of samples. Those enzymes degrade pectin and 
polysaccharides of the plant cell wall faster when the particle size 
is smaller. The size of the biomolecule particles less than 0.5 mm is 
optimum for extraction. According to the experiment by Suleiman 
et al. [34], the particle size of samples was 0.4 mm. Extraction from 
nanoparticles powdered Centella Asiatica samples by Planetary Ball 
Mill produced a higher yield (82%) than the extraction from micro 
powdered samples using the maceration technique with methanol 
[35]. Drying of samples is done in many ways like air-drying, freeze-
drying, and oven drying. 

Different types of plant parts like leaves, flowers, and roots take 
different durations of time to be air-dried. Heat labile compounds 
are not dried at high temperatures. Air drying takes a longer time 
than other methods and there is also a chance for contamination in 
this method. 

The principle of electromagnetic radiation is used in microwave 
drying. An electric field causes dipolar rotation, so heat is produced. 
It causes permanent dipole moments. It causes oscillation of 
molecules, and thus, the collision of molecules occurs, and heat is 
produced [36]. This method is taken a shorter time than air-drying, 
but the disadvantage is that it degrades some of the phytochemicals. 

The freeze-drying method involves the process of sublimation. 
In the case of freeze-drying, the quantity of extracted phenolic 
compounds is more than to air-drying [32]. The freeze-drying 
method is costlier and difficult compared to air and microwave 
drying, and this method is not recommended for heat-sensitive 
materials.

In the oven drying method, heat energy is used to remove the 
moisture of samples. This method of sample drying is considered the 
most straightforward method and it preserves bioactive compounds. 
The extracts of Cosmos caudatus yielded the highest antioxidants 
when the sample is oven-dried at a temperature of 44.50C for 4 
hours using the solvent methanol (80%) [37].

Screening Tests for Different Phytochemicals

Ahmad et al., reported different phytochemical screening tests 
as per the standard method [38]. As per his report, Egwaikhide et 
al. carried out the Dragendroff’s test [39], Rangarajan et al., carried 
out Mayer’s test for alkaloid [40], and Amin and Sawheny carried 
out a ferric chloride test for phenolic compounds [41]. Further, he 
reported, NH4OH test (Ammonium hydroxide), Alkaline reagent 
test, Zn (Zinc), and Mg (magnesium) turning tests were carried out 
for flavonoids and Folin’s test and Million’s test were carried out for 
Tyrosine and tryptophan amino acids’ test.

In an experiment carried out for terpenoids, steroids, and 
tannins; for terpenoid and steroid test, 2.5 ml of acetic anhydride and 
2.5 ml of chloroform were treated with 20 mg of the extract. Then 
concentrated sulfuric acid was slowly added and a bluish-green color 
appeared for steroids and red-violet color for terpenoids. In 2010, he 
experimented for tannins where ferric chloride (1-2 drops) solution, 
1 ml water and 0.5ml of extract were added. The presence of catechol 
tannins showed green, black color while gallic tannins showed a blue 
color. He also conducted other tests like the Ninhydrin test and the 
Xanthoproteic test for amino acids in the same year.

Extraction Method

Extraction is a procedure by which phytochemicals extracted 
from active parts of the plant are separated by using selective solvent 
through the standard procedure. Separation of bioactive compounds 
from the plant samples, which are water-soluble, requires all types of 
extraction. The crude samples need to process further. The different 
extraction methods are discussed below-

Maceration is a conventional and most widely adopted extraction 
method in the research field. In the maceration technique, coarsely 
ground or powdered plant material is soaked with the selective 
solvent in a closed container and kept at room temperature for three 
days at least and agitation is done frequently. In the decoction and 
infusion method, the same principle is involved like maceration. 
In both of the methods, samples are soaked in either cold or hot 
water. The difference between maceration and infusion is that the 
soaking time in the infusion method is lesser than the maceration 
method. In the decoction method, volume of crude extract and 
solvent is specified like 1:4 or 1:16. Heat stable compounds are 
used in decoction like roots and barks, and mostly the extracted 
compounds are oil-soluble. In percolation, boiled water is used as a 
solvent and the maceration period is 2 hours, and the extraction rate 
is 6 drops/min. Among all the extraction methods, percolation is 
the simplest method. The limitation of this method is a tremendous 
amount of solvent is needed. However, the volume of the solvent 
can be reduced by altering the temperature. Phenolics content and 
antioxidant activities are high when Centella asiatica is boiled at 
90°C in the percolation method.

The maximum extract is yielded when Psidium guajava L. leaves 
extracted with ethanol and hydroalcoholic solvent (4:1 v/v) in the 
presence of carbohydrate, saponin, alkaloid, tannin, and flavonoids 
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instead of using petroleum ether, water or chloroform [42]. Using 
petroleum ether as the solvent preserve minimal number of tannins. 
When water is used as a solvent (1:10 w/v), it showed similar 
efficiency to ethanol, with no alkaloid [42]. Solvents, which are 
polar like methanol, are efficient in phytochemical extraction from 
Psidium guajava. Antioxidant activities of phytochemicals are higher 
when Garcinia atroviridis is extracted with methanol (1:10 w/v) than 
the water (1:10 w/v). But in the case of water, anti-hyperlipidemic 
activity is high [43]. Phenolic content is more in Portulaca oleracea 
when it is extracted with 70% acetone (1:10 w/v) in the maceration 
process. Flavonoid content is high in Cosmos caudatus when it is 
extracted with 70% methanol [34]. Phenolics and flavonoid content 
are highest when Moringa oleifera is extracted with 70% ethanol (1:40 
w/v) using the maceration technique rather than the percolation and 
the Soxhlet extraction [33].

In the soxhlet extraction method, a small amount of solvent is 
needed. However, the limitation is that it creates toxic emission and 
allows more exposure to flammable organic solvents. This technique 
is quite expensive because it requires highly pure solvents and also it is 
not an ecofriendly [44]. Another disadvantage of this method is only 
dry and finely ground samples can be extracted and many factors 
also need to be maintained like solvent sample ratio, temperature, 
and agitation speed [45].

The high volume of phytochemicals can be extracted from 
the leaf powder of Azadirachta indica (neem) using solvents like 
methanol [46]. The extraction from Moringa oleifera using this 
method showed a very lower amount of phenolics and flavonoids 
content [47]. However, extracts of Centella asiatica are showed the 
metal chelating activities when the extraction is done by the soxhlet 
method at the temperature of 25°C, agitation speed 200 rpm, and 
sample-solvent ratio 1:45 [45]. 

The microwave-assisted extraction (MAE) method is time-saving 
and requires fewer solvents than maceration and soxhlet extraction. 
In MAE, analytes can be recovered and reproduced; however, 
there is a chance of thermal degradation if proper conditions are 
not maintained [48]. This method’s limitation is that phenolic 
compounds like gallic acid, quercetin, ellagic acids, isoflavin, and 
trans-resveratrol cannot be extracted because these molecules are 
small in size can remain stable up to 100 degree Celsius for 20 
minutes in microwave heating conditions. Another limitation 
is extra cycles in MAE e.g., 4×20s to 5×20s caused a decrease in 
phenolics and flavonoid yields, mainly because of the oxidation of 
compounds [49]. Heat-sensitive compounds like anthocyanins and 
tannins cannot be extracted as it undergoes degradation during 
process by this method.

When the plant Centella asiatica is extracted by this method 
using absolute ethanol at a temperature of 75°C and 600W power 
for four cycles resulted in high yield of triterpene [50]. Extraction 
from Dioscorea hispida by MAE was showed a highest yield using 
85% ethanol at 100 W power for 20 minutes and 12.5:1 solvent-
sample in ratio [51]. In the case of MAE, time duration and 
irradiation power are two major factors. For example, when the 
plant Andrographis paniculata was extracted at 119.7 W and 39.9 W 
power for 5 minutes and 17.5 minutes, respectively, yield showed as 
optimum in both of the cases [52].

The range of ultrasound wave 20 kHz to 2000kHz is used in 
ultrasound associated extraction (UAE) or sonication extraction 

method [53]. When the samples are exposed to the ultrasound 
frequency, the physical and chemical properties of samples change 
and the plant’s cell wall is disrupted, which helps to release bioactive 
compounds from the cells. The UAE method requires a lesser amount 
of solvent volume and lesser time for extraction. Mostly for the heat-
sensitive or thermos-labile compounds like anthocyanin content of 
flowers, the UAE method is suitable as it reduces the exposure to 
high temperature. If the used ultrasound frequency is greater than 
20kHz, it forms free radicals and affects the biomolecules. 

UAE is an effective extraction method for propolis extraction 
for 10 to 30 minutes. In 2013, Dhanani et al., found out that the 
extraction of Withania somnifera by the UAE method resulted in 
the highest yield (11.85%) when water was used as a solvent and an 
extraction time was 15 minutes as compared to the method where 
ethanol and water-ethanol were used as solvents and extraction 
periods were 5 minutes and 15 minutes, respectively [54]. In the case 
of Cratoxylum formosum, it is observed that UAE showed efficacy on 
phenolic compounds at the temperature of 650C for 15 minutes, 
using 50.33% ethanol as solvent [55].

Accelerated solvent extraction (ASE) is more efficient than the 
soxhlet extraction and maceration method as it requires less solvent. 
For every individual sample, the temperature and pressure are 
controlled in this technique and requires less extraction time. The 
solvent type is the primary factor in the case of ASE. The extraction of 
Bixa Orellana with cyclohexane-acetone (6:4 v/v) at the temperature 
of 500C for 5 minutes resulted in the highest yield (68.61%) [56]. 
From Rheum palmitin, 94% of flavonoids were recovered by the ASE 
method using 80% methanol [57].

In the supercritical fluid extraction (SFE)  method, most 
non-polar analytes and CO2 are used as a supercritical fluid. As 
supercritical CO2 is not soluble in polar compounds, therefore, 
some methanol and ethanol are added to extracts. By changing 
temperature and pressure, the strength of the supercritical solvent 
can be changed. SFE from Wedelia calendulacea at 25°C temperature, 
25 mPa pressure for 90 minutes with the 10% concentration of 
modifier showed the highest yield [58]. The high cost of equipment 
is a disadvantage of this method.

Separation Methods

The phytochemicals having antioxidant properties are mainly 
separated and purified by thin-layer chromatography. Coumarins, 
cinnamon acids, and flavonoids are separated from Taraxacum 
officinale extracts by paper chromatography [59]. Due to low cost and 
more convenience, column and thin-layer chromatography (TLC) 
are mostly applied for separation and detection of the antioxidant 
phytochemicals [60]. An efficient separation is done by thin-layer 
chromatography using amino silica, cellulose, diatomaceous earth, 
hexane-chloroform as mobile phase, and polyamide as a stationary 
phase. Carotenoids are separated efficiently mostly by the regular or 
2D TLC [61]. The disadvantage of TLC is a huge amount of samples 
are required, which is not available always, and TLC plates cannot 
recover the phytochemicals [62]. Nine antioxidant phytochemicals 
were separated from extracts of the aerial parts of Hypericum 
hyssopifolium and purified by TLC and column chromatography [63]. 
The flavonoids and phenolic acids are separated from the aromatic 
plants’ extracts, which belong to the family Lamiaceae by using 
TLC [64]. From Satureja hortensis, rosmarinic acid was separated 
by using silica gel and reversed-phase C18 column chromatography. 
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From medicinal plant polygonum multiflorum, phenolic acids 
and polyphenols were separated by using spandex LH-20 column 
chromatography and silica gel.

The conventional technique like LC, TLC, are not highly sensitive 
and do not have high resolution. However, Gas chromatography and 
High-Pressure Liquid Chromatography are highly efficient for the 
separation and detection of the phytochemicals. Gas chromatography 
is suitable for volatile compounds. As most of the plant-derived 
antioxidants are non-volatile, its use in phytochemical separation 
is not as popular as high-performance liquid chromatography. The 
disadvantage of GC is the difficulty in large-scale applications. It is 
mostly used in the separation of essential oils. Depending upon the 
properties of phytochemicals, different columns with different inert 
materials, polarity, and widths are used in the separation technique. 
Capillary column and mass spectroscopy detectors are usually used 
in GC for phytochemical separation. In 2000, it was reported that 
for the separation of phytochemicals extracted from  Hamamelis 
virginiana,  Crataegus oxyacantha,  and  Hydrastis canadensis, a 
column DB-5 with 5% biphenyl and 95% dimethylpolysiloxane 
with medium polarity was found to give the best result [65]. 
The major active compounds of H. virginiana was identified as 
1,2,3-trihydroxybenzene using this method. Sun et al. in 2002, 
reported that alkylamides in Echinacea were separated by GC and 
GC-MS [66].

HPLC is mostly used for the separation of different non-volatile 
compounds. The type of HPLC varies. One of such method is the 
diode array detector (DAD) with a mass spectrometer. HPLC is a 
preferable separation technique for carotenoids having lipophilic 
properties. For the separation of carotenoids, a stationary silica 
phase is used in the adsorption HPLC technique [67]. Saponified 
carotenoids are separated with silica column of 280 mm × 46 mm 
and radiant is 95% light petroleum, 2 to 95% acetone [68]. C8 and 
C18 columns are more favorable for the separation of carotenoids 
in reverse phase HPLC [66,69]. Separation of free lutein showed 
promising results using a C18 column [70]. C30 is useful for 
separation of carotenoid isomers [71,72]. Sander et al., in 1994, 
reported that the non-polar isomers of carotenoids, zeaxanthin 
and lutein were not well separated using the C18 column, whereas 
hydrocarbon carotenoids were separated better using a polymeric 
C30 column [73]. An experiment showed the mono and diesters 
of lutein were identified using the C30 column in LC-MS [74]. 
Another experiment showed that cis isomers of lutein diesters were 
separated using RP-C18 column and MS and DAD [75].

Lu et al., 2004, conducted different types of separation methods 
for naturally occurring antioxidant phytochemicals [76]. They 
explained that to separate the polyphenolic antioxidants, a reverse-
phase C18 column is used for the HPLC method’s chromatographic 
conditions. In this method, an ultraviolet-vis-diode array detector 
(DAD), an organic solvent that is polar and an acidified water 
containing binary solvent are used for flavonoids (A) and phenolic 
acids (B) separation. Apati et al., 2003, separated antioxidant 
flavonoids, which included chlorogenic acid and rutin in solidago 
plants using HPLC-UV [77]. Robards et al., in 2003, used DAD as a 
multiple wavelength detector and found out that its versatile nature 
is often neglected [78].

The separation in HSCCC (High-speed counter-current 
chromatography) was aided by centrifugal force and pressure; 
the former was produced from the coiled column’s planetary and 

rotational movement. These forces aided in the vigorous mixing 
of two liquid phases, which were immiscible, leading to stationary 
phase retention [76]. Lipophilic phytochemicals like carotenoids are 
separated using the application of HSCCC.

Supercritical fluid chromatography (SFC) is another new 
technology. Carbon dioxide significantly reduces the solvent waste 
and its usage eases collecting fractions by removing the solvent. 
Antioxidant phytochemicals show high diffusion in a supercritical 
fluid pertaining to low viscosity; thus, there is high homogenous 
diffusion of the compounds in the packing material, there are higher 
separation time and high resolution. Kohler et al., in 1997, made the 
supercritical fluid out of 3% ethanol and carbon dioxide at 500C 
and 15 MPa [79].

Quantification and Identifications

UV–vis spectrophotometer is required to quantify of organic 
compounds (these compounds absorb light in the visible and 
ultraviolet region). An antioxidant photochemical can be identified 
with high certainty by the matching results of both retention time 
and UV–vis spectrum. Antioxidant phytochemicals are identified 
using UV–vis and DAD, while in the case of similar compounds, 
spectra based approaches cannot be used. 

Electroscopy ionization (ESI) was used for the ionization of 
antioxidant molecules like anthocyanin (ionic and polar in aqueous 
solution), and atmospheric pressure chemical ionization (APCI) 
was used for antioxidants that are non-ionic and less polar such as 
carotenoids [80]. The PI-MS (Peptide identifier-MS) method was 
used for antioxidants photochemical detection. It was observed that 
the NI-MS method (Nanostructure-initiator mass spectrometry), 
which included ESI and APCI, gave the best results for flavonoids 
analysis [81].

For developing the botanical formulation, knowledge about 
crude extract’s bio efficacy on different pests is also required.

Bio-Efficacy Study of Crude Extracts

Pavela et al., conducted experiments by taking different 
Lepidopteran species’ like Spodoptera littoralis (Boisduval), 
Tetranychus urticae and, Myzus persicae (Sulzer) to find out the 
effectiveness of botanical insecticides [3,16]. In the case of the 
efficacy against aphid, 100% mortality of sample species was caused 
by the highest concentration on the 12th day after application among 
all the crude extracts. In the other concentrations, program showed 
the maximum efficiency ranging from 96%-97% and 76%-82% 
for 1.0%-0.5% depending on the years. When the concentration of 
neem extract was 0.5%, it had the minimum efficiency, which was 
around 57%. While pongam oil’s efficiency was increasing with time, 
the efficiency of pyrethrum and neem were decreasing gradually as 
new nymphs hatched. In the case of acaricide, the most efficient 
product was pongam oil and neem against T. urticae. The mortality 
rate was increasing with time for 3% and 1% concentration. In the 
lowest concentration of the crude extracts, neem showed 60-70% 
efficiency while pongam showed 49-52% efficiency. With a 0.5% 
concentration pyrethrum showed a minimum efficiency of 10-20%. 
When the efficiency was tested against S. littoralis larvae, there was 
not much difference between the efficiency of neem and pyrethrum 
based products. When the concentration was 0.5%, the pongam 
oil efficiency did not even reach 50% in two years. The antifeedant 
index is 92% with a concentration of 0.5% and 100% with 3-0.5% 
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concentration for the neem-based product. The antifeedant index 
was estimated as 31% in the case of pyrethrum based product.

Murasing et al., in 2019, conducted an experiment to show 
the efficacy of fern plant extracts on the species P. xylostella under 
laboratory conditions [82]. They took three fern plants like Diplazium 
esculentum, Christelle parasitica, and Blechnum orientale for the study. 
They observed that larval mortality increased with the increase in 
concentration and it was maximum at 20% concentration. In the 
case of D. esculentum the maximum larval mortality was 36.6% and 
73.33% after 24 hours and 72 hours, respectively, while in untreated 
control, it was only 0.6 % and 13.3% after 24 hours and 72 hours, 
respectively. It is also reduced the weight of larva and pupa, altered 
feeding behavior of P. xylostella, malformed pupa, and increased 
the pupation period. All these indicated that for P. xylostella larvae 
the extracts of D. esculentum were most toxic. The result showed 
that larval mortality was 46.6% for D. esculentum, 43.33% for C. 
parasitica, and 40% for B. Oriental at 20% concentration. After 72 
hours of treatment, maximum mortality was observed 73.3% for D. 
esculentum, 33.33% for C. parasitica and 60% for the B. orientale. 

Ashraf et al., in 2018 carried out the bio-efficacy study of 
different phytochemicals on brassica aphid [83]. They observed, 
the highest mortality (48.42%) was exhibited by neem seed extract, 
followed by 45.54% mortality with dathora extracts and 40.29% 
mortality with kaner leaf extract after seven days of treatment. It was 
also observed that aak leaf extracts exhibited a minimum mortality, 
26.64%.

Ali et al., in 2011, conducted an experimented to find the 
biography case study on Bactrocera cucurbitae (coquillett) (Diptera: 
Tephritidae) [84]. They found maximum mortality in methomyl and 
neem seed extracts treatments followed by the parthenium plant 
extracts and eucalyptus plant extracts.

Yao et al. reported that the ethanol extract of Acorus calamus 
has strong repellency and contact effect to S. zeamais and the active 
constituent of the Acorus calamus was characterized as (Z)-asarone by 
spectroscopic analysis [85].

Basukriad et al. noted that Pachyrhizus erosus seed extract has 
oviposition deterrent activities against Plutella xylostella (Lepidoptera: 
Plutellidae) and the cabbage looper Trichoplusia ni (Hubner) [86].

The ethyl acetate leaf extract of Strychnos nuxvomica Linn. 
(Loganiaceae) was found to be the effective larvicide with LC50 value 
of 222.28 and 146.99 ppm after 24 and 48 hours against the Filarial 
vector Culex quinquefasciatus Say (Diptera: Culicidae) [87]. 

Pawar et al. reported that extracts and purified extracts of seeds 
of Madhuca latifolia have insecticidal properties against H. armigera 
[88]. Insect feeding deterrent and growth inhibitor properties of 
Terminalia Arjuna were noted against lepidopteron insect Spilarctia 
oblique [89]. 

Phoofolo et al. reported that aqueous extract of T. minuta was 
as efficient as crude extracts from organic solvent system against 
cabbage aphids. The aqueous extract of T. minuta also had reduced 
fecundity of cabbage aphids with the magnitude comparable to 
those obtained from organic solvents [90].

Isman et al. reported that publications numbers are increasing in 
botanical insecticide research, especially in India, China, and Brazil; 
but commercialization of phytochemicals and phytoessential oils 

for insect pest management is significantly less [91]. An alternative 
way of research is required to fulfill the demand for production of 
botanical pesticides for promoting organic farming and integrated 
pest management (IPM) in developing countries. The scientists 
are working more on isolation and characterization of toxicants 
from plant and other biological sources, but there is a demand for 
pesticides. Only a few biopesticides are in commercial use. More 
research and development should be conducted on the development 
of pesticide formulations for sustainable pest management strategies.

Different Types of Formulation of Bio-Pesticides

Biopesticides are mainly plants or living organisms’ best 
extracts. So, during the formulation and storage process, these 
are to be maintained at the level of acceptance. In the process of 
biopesticide formulation, adjuvants and different carriers are mixed 
with phytochemicals to improve the storage stability, protect from 
the environmental conditions, and improve bioactivity. The major 
factors to be considered in the formulation process are 1. stabilization 
and storage, 2. protection against adverse environmental conditions, 
3. easy application, 4. improvement of bioactivity, 5. maximum 
interaction with target pest [92]. The formulation of biopesticides 
can be classified into two groups; 1. dry formulation, 2. liquid 
formulation.

Dry formulations are produced in several ways like freeze, drying, 
air-drying, and spray drying. Different wetting agents, dispersant 
blinder is added to it [93,94]. Liquid formulations are mainly water-
based, polymer-based, oil-based, and combinations. Suspension 
emulsions and concentration and capsule suspension are water-based 
formulations. Some inert ingredients like stabilizers, surfactants, 
stickers, and coloring agents are added to this formulation. Some 
forms of dry formulation are dust, granules, micro granules, powders, 
water dispersible granules, and wettable powder and soil dispersion, 
emulsions, suspo-emulsions, suspension concentration, and capsule 
suspension are the liquid formulations. In the case of dust form, 
active ingredients are mixed with clay or talc having particle size 50-
100 µm for the dust formation. Adhesive materials are added to the 
formulation to improve adsorption. UV protectants and anti-caking 
agents are also added. Generally, 10% of active ingredients occur in 
the dust. This type of formulation was developed before the granules. 
The disadvantage of this formulation is serious health hazards by 
inhalation; therefore, it is restricted to use [92]. 

In the case of powdered form, active ingredients, inert material, 
and powder carrier are added to this formulation to enhance the 
seed coat’s adherence. This form of biopesticides is generally applied 
to seed directly. This is an old method for coating seeds and the seed 
pigment on the seed indicates that they are dressed seeds [95].

In the case of a granular form, the size of granule particles is 
generally 100-1000 microns and for micro granules, it is 100-
600 microns. Silica, kaolin, polymer, starch, and plant residues 
are generally used to formulate granule biopesticides. 5 to 20% of 
active ingredients occur in granule form. This type of formulation 
is generally applied to soil to kill the target insect living in soil, 
to control soil  nematodes, and weeds. Granules release active 
ingredients in the presence of soil moisture after application [96].

Wettable powders (WP) are a powder water suspension. In this 
formulation process, surfactants and dispersing agents are blended 
with wettable powder. Then they are granted to 5-micron particle 
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size. This formulation causes serious health issues for manufacturers 
during inhalation and also causes eye and skin irritation. Another 
problem, the wettable powder is suppressed by water-dispersible 
granules due to its dustiness [96]. This type of formulation is more 
preferable for its easy application by spraying long-duration storage 
stability and good solubility to water [93]. 

Water Dispersible Granules (WG) is developed by suspension in 
water like a wettable powder but does not create dustiness. It is free 
from dust and its storage stability is good. Both dispersing agents 
and wetting agents are present in this formulation. However, the 
concentration of the dispersing agent is high. This product may be 
formulated in different ways like granulation, spray drying, and fluid 
bed granulation. This formulation is expensive; but it is environment-
friendly and easy to apply, so preferred by many users [94]. 

In emulsions, the size of the droplet is 0.1 to 10 microns, 
which is dispersed to the liquid (immiscible). There are two types of 
emulsion; 1. normal emulsion oil in water, 2. invert emulsion water 
in oil. Emulsifiers should be appropriately selected to overcome the 
problem of instability. The evaporation loss is minimal in the case 
of invert emulsion [93]. Sometimes it produces toxicity to plants, 
and it has low stability. However, in current days, many different 
emulsifying agents are used to improve invert emulsions.

In suspension concentrates, active ingredients  are dispersed 
in water. This mixture is agitated frequently so that solid particles 
dissolve correctly. To enhance the stability, wetting agents, and 
antifoaming agents are added. Its particle size is 1-10 micron. Inert 
materials adsorbed on the particles and do not let them re-aggregate. 
Solid small particles have a large surface area, so it allows maximum 
interaction between plant tissue and active ingredients. This kind 
of formulations is environment-friendly, easy to handle, and safe to 
users [95,96].

In oil dispersions (OD), solid active ingredients are diluted in 
oil. It improves spreading, retention, and penetration of the product. 
Water sensitive active ingredients are delivered by this formulation, 
which increases the pest control ability. To overcome the problem 
of instability and inert ingredients should be appropriately selected.

In suspo-emulsions (SE), suspension concentrates are mixed 
with emulsions. It is preferred to use due to its stability as it forms a 
homogeneous emulsion [94].

In capsule suspension (CS), encapsulated active ingredients 
are diluted in water. Active ingredients are coated or encapsulated 
with cellulose, starch, and gelatin. Thus, the bioagents are protected 
against UV radiation and environmental conditions. Encapsulation 
of microcapsules increases the efficiency of fungal biopesticides [97]. 
Surfactants are added to stabilize the formulation. The formulation 
is expensive, and its commercialization is slow in progress [98,99].

Toxicity and Persistence of Botanical Pesticides

Toxicity and persistence of biopesticides depend upon the type 
of solvent [100]. Biopesticides are eco-friendly, harmless to non-
target organisms, so they are an alternative to chemical pesticides. 
However, the chemical compounds extracted from biopesticides have 
a toxic effect on humans also [101]. Mpumi et. al. reported that the 
oral LD50 values of pyrethrins, sabadilla, rotenone, nicotine, linalool 
and neem are 1200-1500 mg/kg , 4000 mg/kg, 60 to 1500 mg/
kg, 50-60 mg/kg, 2440 to 3180 mg/kg, 13000 mg/kg, respectively 

and the dermal LD50 values of pyrethrins, rotenone, nicotine, and 
linalool are more than 1800 mg/kg, 940 to 3000 mg/kg, 50 mg/
kg and 3578 to 8374 mg/kg, respectively [102]. Their persistence 
in the environment is still not well known [101]. Some plants 
like Derris, Tephrosia and Lonchocarpus contain a large amount of 
rotenone [103]. Rotenone has low toxic insecticidal property used in 
the garden and high toxic property on fish [103]. For rats, rotenone 
has the LD50 value of 132-1500mg/kg [100,101]. Rotenone has 
moderately toxicity effect on human beings and its LD50 value is 
300 to 1500 mg/kg [14,101]. As it is lipophilic, it has a high toxicity 
effect on insects and fish. It is advantages for the environment that 
in sunlight, rotenone breaks down [103]. As it easily breaks down, 
it cannot persist for a longer time in the environment; thus, it is less 
toxic to non-targeted organisms [100]. several factors like sunlight, 
pH, temperature, and turbidity of water cause the decomposition of 
rotenone when applied in water. In general, the half-life of rotenone 
is 4 days [6,100,101,103]; however, Henn et al. reported that the 
half-life of rotenone is half a day and 3.5 days at 24°C and 0°C, 
respectively [100]. 

Azadiractin has toxicity with an LD50 value of 15ug/g in S. 
littoralis and 3540 mg/kg in the rat, which indicates that it is less 
harmful to mammals [104]. Some environmental factors like heat, 
moisture, and sunlight impact the rapid degradation of azadirachtin. 
Under UV radiation and sunlight, the half-life of azadirachtin is 48 
minutes to 3.98 days; however, it could be 2.47 days [6,100].

Pyrethrins possess an axonic toxic effect [100]. They have a 
high toxicity effect on fish and less on birds and mammals. Oral 
LD50 value of pyrethrins is 1200 to 1500 mg/kg on rat [6]. Under 
sunlight, air, and moisture pyrethrin start to degrade [6]. The half-
life of pyrethrins is 2 hours or could be less [100].

Vernodalin, epivernodalol, and vernodalol are the primary 
active ingredients of V. amygdalina with a low toxicity effect [7]. The 
LD50 value of vernodalol was 1265 mg/kg on mice [105]. However, 
these sesquiterpene compounds have antibacterial and antifungal 
properties.

Challenges Associated with Market and 
Commercialization of Biopesticides

Market share of biopesticides in global and Indian 
perspectives

As per UNDP report on India biodiversity awards in 2018, 
India possesses the largest diversity of flora having 47000 plant 
species and accounts for 7-8% of the world’s recorded species. In 
the Indian perspective, there is a needful demand to increase the 
productivity of biopesticides for pest management, green, and 
sustainable agriculture. Botanical pesticides are potential alternative 
sources as biopesticides in India. Many experts forecast a huge 
potential of botanicals over the next decade. Biopesticides could 
grow from 4-5 % of the global pesticide market to 20% by 2025. 
Growth in botanicals may perhaps be even higher, going from 1-2 
% of the market share to somewhere, possibly around 7% of the 
total market share [91]. The report of credence research showed the 
growth of the global insecticides market and its prospects from 2018 
to 2026. The global insecticides market was valued at 18.47 bn in 
2017, and it is likely to be reached to 25.9 percent from 2018 to 
2026. In the global biopesticides market, the value of biopesticides 
was USD 3147 during 2018 and it is expected to reach a CAGR 
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of 14.1% from 2019 to 2024. The highest growth is expected in 
South America during that period and there is a possibility to reach 
a CAGR of 16.4%. It is also expected that the United States will be 
the largest market for biopesticides during that period. 

As crop protection, human, animal, and environmental 
health are a major concern on a global scale; many countries are 
giving more emphasis on using biopesticides rather than chemical 
pesticides. It is expected that Asia Pacific, North America, and Latin 
America will lead the biopesticide market globally scale. North 
America holds around 41.5% of total global biopesticides. The 
major factor which drives the use of biopesticides is the concern of 
sustainable agriculture. Various factors help in the growth of global 
biopesticide markets like increasing adoption of organic products, 
concerned about the harmful effects of using synthetic pesticides, 
and the management of integrated pest management. In the global 
biopesticides market, various companies are competing to hold the 
largest share in the market and focus on the quality of product and 
promotion. They are focusing on strategic moves and launching 
new products. The major companies like Koppert BV, Bayer crop 
science AG, Valent crop sciences, and corporations are investing in 
developing the market of biopesticides. It indicates that the demand 
for biopesticides is gradually increasing. 

The development of various organic products is spreading 
awareness of using biopesticides over the chemical pesticides in the 
developed and developing countries and leading to the adoption 
of biopesticides in the global pesticide market. The government of 
many countries across the world is promoting the advantages of using 
biopesticides, which helps in the biopesticides market’s growth. In 
the Indian pesticide industry, biopesticide is a small segment. It can 
take large-scale growth in the coming years, gaining support from 
the government and spreading awareness about the advantages of 
biopesticide use like safe for environment and non-toxicity to non-
target organisms. In the pesticide market, biopesticide contributed 
almost 7 to 8% in 2013. In 2009, the revenue by biopesticide 
was 2294.8 INR million in India. In the Indian pesticide market 
biopesticides have a comparatively low contribution than chemical 
pesticides, but due to excessive use of chemical pesticides, a large 
number of injuries and deaths of farmers were reported by the 
Maharashtra government. Indian Agriculture Ministry showed 
that biopesticides have a positive trend in India and their use is 
increasing more than chemical pesticides. The use of biopesticide has 
improved about 23%, while synthetic pesticides increased 2% only. 
The directorate of plan protection, Quarantine and Storage, Union 
Ministry of Agriculture and Farmers Welfare estimated the data of 
biopesticide consumption in 2010-11 in India was 5151 tons, which 
had reached 6340 tons in 2016-17. Though the data is provisional, 
which indicate a positive trend in India.

Barriers for commercialization of biopesticides

Despite the demand and large scale of this research enterprise, 
only a few bioinsecticides are in commercial use. Because the system, 
which is designed for chemical pesticides, is generally regulated 
biopesticides also. It imposes high costs on biopesticides; thus, 
it makes a barrier to prevent the market entry of biopesticides. 
Some policy gaps and technological faults have been identified to 
make efficient utilization of biopesticides. These gaps need to be 
known at the country level. To lessen the excessive application of 
chemical pesticides and increase biopesticides, some policy measures 
should be taken. One of the main problems in commercializing 

biopesticides is the lack of awareness about the effective use of 
biopesticides and their advantages. They are still not well addressed 
in India. It indicates the weakness of policy networks. Some other 
problems in promoting biopesticides are limited resources, lack of 
profile, unhealthy relationships between producers and regulators, 
and limited capabilities. To increase the profile of biopesticides at 
country level, it’s important to understand the mode of action, their 
contribution to sustainable agriculture, the issues in their adoption, 
and their effectivity. The safety of the environment is a worldwide 
concern; so common people, policymakers, manufacturers, 
government agencies, and farmers need to be aware of the use of 
biopesticides [106,107].

The science behind biopesticides is still not well known 
completely. Numerous researches have been conducted on 
extraction, separation, and quantification of biopesticides but not on 
the formulation part. Some research should be conducted regarding 
the formulation and commercialization of biopesticides. 

Effects of Phytochemicals on Human Health and 
Diseases

Phytochemicals are using as biopesticides and also adequate 
resources of therapeutic compounds and drugs [108]. Dietary 
guidelines worldwide prescribed increased consumption of 
phytochemicals or foods to fight chronic diseases like diabetes, cancer, 
osteoporosis, cardiovascular diseases, and pathogens’ infections 
[109-116]. Plants are an excellent source of phytochemicals in 
fruits, legumes, vegetables, and cereals, which contain several 
health beneficial phytochemicals such as carotenoids, terpenoids, 
phytosterols, flavonoids, isoflavones, isothiocyanates, and fibers.

As a critical etiological agent in the causation of chronic diseases, 
oxidative stress has received a great deal of interest in recent years. 
The high reactive oxygen species (ROS) causes oxidative stress that 
induces oxidative damage to critical cellular biomolecules such as 
the DNA, lipids, and proteins, which can accumulate in cells and 
drive to increased risk of chronic pathological conditions [117]. 
The ROS are generated endogenously as by-products of normal 
metabolic processes and lifestyle factors like smoking, diet, and 
exercise. Under their ability to interact with ROS, antioxidants 
can lessen their damaging effects and play a vital role in controlling 
pathological conditions [118]. The principal sources of antioxidants 
are plants like vitamins (A, C, and E), minerals, and phytochemicals 
(terpenoids, carotenoids, and polyphenols) [119-122]. Besides, 
several phytochemicals have been shown anti-viral, anti-bacterial, 
and anti-fungal properties [121,123-125]. Furthermore, more 
research should be conducted for finding novels phytochemicals 
or repurposed the existing phytochemicals as a drug against several 
metabolic and pathogens related diseases like coronaviruses disease- 
2019 (COVID19) [126-128]. 

Conclusion

For developing biopesticides, a tremendous amount of plant 
materials is required. Research on biopesticides should be given more 
focus on more production of plant materials through biotechnology 
intervention. The barrier to standardization of chemically complex 
extracts could be manifested individually or in combination 
depending on the chemical enrichment of plant species with 
potential pesticides and interactions between them. The scientists 
are working more on isolation and characterization of toxicants from 
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plant and other biological sources, but there is a demand for the 
use of biopesticides. Only a few biopesticides are in commercial use; 
therefore, more research and development should be conducted on 
pesticide formulations for sustainable pest management strategies.

Biopesticides should have entrepreneurial opportunities in 
agricultural sectors, particularly that of integrated pest management 
in high-value fruit and vegetable crops in addition to ectoparasite 
control in animals. Ever-growing urbanization should produce an 
expanding market with opportunities for botanical insecticides as 
human safety should also push the demand concerning professional 
pest control, consumer products, and vector management. Even, 
there may be some small-scale entrepreneurial opportunities to 
supply plant materials to the biopesticide industries. In the context 
of agricultural pest management, botanical insecticides are best 
suited for organic food production in industrialized countries but 
can play a more significant role in the production and post-harvest 
protection of the food in developing countries.

Finally, phytochemicals are excellent sources for finding good 
biopesticides and also therapeutic drugs to fight against human 
metabolic diseases and pathogens’ infections. Furthermore, research 
should be focused on identifying novel biopesticides and therapeutic 
drugs from bioresources. 
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