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ABSTRACT: The genus Lippia spp., belonging to the family Verbenaceae, has been investigated with regard to its
insecticidal properties against other insect storage pests, as for example, Tribolium castaneum . The main compounds
for L. alba were the terpenoid Carvone (25.17%), the monoterpenoids BMyrcene (12.00%), Geranial (11.87%), Neral
(10.50%) and the terpene Limonene (9.70%). That is, the main essential oil components of L. alba oil are the
monoterpenes. Monoterpenes possess insecticidal and insect repellent properties as described the chemical composition
of essential oils can show large variability, both interspecific and within the same species. It seems to depend on the
genetic characteristics of the plant and on the conditions under which it was grown. This has been observed when the
components of the essential oils of different L. alba plants grown in different areas of Brazil were analyzed .Various
studies with essential oils obtained from species of the genus Lippia spp., as it also showed good results regarding their
insecticidal effect against other insect pests . Effects against insect storage pests with it main component (Carvacrol),
that exhibited the maximum percentage of mortality and the highest repellent potency with RC50 of 0.22% for T.
castaneum, and 0.20% for Ulomoides dermestoides . While, reported toxicity of fumigated linalool against T.
castaneum Herbst (Coleoptera: Tenebrionidae), Rhyzopertha dominica (Coleoptera: Bostrichidae), and Sitophilus
oryzae (Coleoptera: Curculionidae), in fumigation with Linalool, one of the compounds of L. origanoides essential oil,
where Linalool was highly effective for R. dominica, and caused 100% mortality at the lowest tested concentration (0.1
mL/720 mL of volume). The limonene compound present in the essential oil of L. alba has toxic fumigant activity
against 7. castaneum . Have shown that substances such as benzylbenzoate, -myrcene and carvone, also present in the
essential oil of L. alba, have good repellent properties against this pest. It also demonstrated the toxic effect of
dlimonene and carvones on 7. castaneum larvae and adults, by contact and by fumigation. The results prove the
insecticidal capacity of essential oils of Lippia spp. genus and hence their potential as active substances against A.
obtectus. Joining in this way, the numerous genera of plants known and whose essential oils have shown insecticidal
activity against this insect [53,54], in addition to other recently discovered biological control agents, such as fungi [55—
58] or bacteria [59].
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L. INTRODUCTION

L. alba essential oils exhibited similar patterns of insecticidal activity over the insect. L. alba accumulated an insect
mortality of 85.00 and 81.94%, respectively, significantly greatest than the lower applied doses of each essential
oil.[1,2] However, all the lower doses applied of each oil were significantly greatest than the control treatment, with an
accumulated mortality of 16.25%. These essential oils affected the survival of A. obtectus since the greatest doses
applied on insects decreased the life of the bean weevil. The results prove the insecticidal capacity of essential oils of
Lippia spp. genus and hence their potential as active substances against A. obtectus in environmentally low risk pest
control strategies. Supplementary trials should be conducted under real storage conditions. Chemotypes I and III have
been reported for different biological activities from the evaluations performed on microorganisms, fish, arthropods,
small mammals, and cell lines; fundamentally associated with antibacterial, antifungal, cytotoxic, antioxidant, and
sedative effects, among others. Records focused mainly on the health, fishing industry, and agrifood sectors.
[3,4]Studies on the effect of L. alba essential oil are promising, but do not reflect a continuity of the research toward
prototypes or finished commercial products. Research groups must unify evaluation methodologies and include in all
studies the relationship between phytochemical and biological activity for the meta-analyses to be possible. Likewise,
they must join efforts through the National System for Agricultural Innovation (SNIA, for the term in Spanish) to
generate finished products that impact upon society and facilitate progress in the country’s bio-economy.[5,6]
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It is concluded that L. alba EO is a substance of broad spectrum of use, which is why industrial development is feasible
based on this raw material. Nevertheless, it is necessary to establish within the SNIA research programs that prioritize
the most consistent effects registered in this review, in accordance with national and global demands. Besides, progress
is necessary on preliminary tests at pilot scale established by the Colombian norms to advance in the generation of
commercial formulations.[7,8] One of the first steps in this respect corresponds to the methodological harmonization,
given that in some studies there was no appropriate control of the variables interfering on the biological quality of
the L. alba EO, no detailed phyto-chemical analyses were presented, nor were adequate controls involved to facilitate a
subsequent meta-analysis that guides the prioritizing of investment resources in the most consistent application lines.
[9,10]Another significant element is the generation of strategic alliances to elaborate protocols to standardize agro-
economic management conditions of the plants in production zones, as well as articulation with the industry for scaling
of the protocols formulated.[11,12]

II. DISCUSSION

Aromatic and medicinal plants produce essential oils in the form of secondary metabolites.

111111
tt11111

Essential oils and some of their components
have repellent properties against
Tribolium castaneum Herbst

These essential oils can be used in diverse applications in food, perfume, and cosmetic industries. The use of essential
oils as antimicrobials and food preservative agents is of concern because of several reported side effects of synthetic
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oils. Essential oils have the potential to be used as a food preservative for cereals,[13,14] grains, pulses, fruits, and
vegetables. Essential oils of L. alba have pronounced antimicrobial and food preservative properties because they
consist of a variety of active constituents (e.g., terpenes, terpenoids, carotenoids, coumarins, curcumins) that have great
significance in the food industry. Thus, the various properties of essential oils offer the possibility of using natural,
safe, eco-friendly, cost-effective, renewable, and easily biodegradable antimicrobials for food commodity preservation
in the near future.[15,16]

Although some reviews on the potential of essential oils as repellents and/or insecticides have been published, there is
no critical review about their use in stored products protection. One of the most important characteristics of essential
oils, their phytotoxicity, may favor their use as herbicides, but at the same time limit their use in crop protection
[14, 15]. Stored product sector seems to be a perfect candidate for the development of new EO-based alternative pest
control strategies. A huge number of research studies aimed at assessing the insecticidal activity of EOs against crop
pests as well as against disease vectors [1, 19], but less attention has been paid to stored product pests. Here, we briefly
review the results achieved using EO treatments against stored product pests according to their application method (i.e.,
contact, fumigation, and ingestion) and insecticidal activity [17,18](i.e., toxicity and repellence). In detail, we
empathize the most promising results for every insect family, highlighting, when possible, similarities or divergences
between pest and/or EO plant species like L. alba. Furthermore, studies aimed at evaluating modifications of EOs
activity attributable to geographic origin, EO-based formulations, synergism with other insecticidal compounds, and
research studies reporting characteristic results were reported. Since many plants used for the EOs extraction often
grow spontaneously in different natural habitats, their large-scale use should consider the cultivation of these essences
to avoid negative impact in the ecosystems. Furthermore, many factors can influence the composition of essential oils.
For example, the phenological stage and/or the part of the plant, the annual climatic variations, and the exposure can
affect the relative amount of bioactive compounds constituting EOs. [20,21]Thus, to validate the insecticidal activity of
EOs and their potential as active ingredients for commercial pesticides, several trials should be carried out testing
essential oils produced in different years and geographical areas.[22,23]

III. RESULTS

Despite the promising results, there are few authorised commercial EO-based insecticide formulations available on the
market obtained from L. alba.

Essential oils
Essential oil compounds
Volatile semiochemicals

Natural sources

Pest and pathogens control
Diseasa managemeant T e M, ok B S
- S - . L

Nano- and microemulsions

Future research studies about the mechanisms of action of the L. alba EOs against insects are needed to develop
effective EO-based insecticides. Indeed, deeper knowledge on this topic may be helpful to estimate the impact of EOs
toward non target species and their safety for consumers. In addition, the effect on the sensory analysis of food treated
with these compounds should be evaluated since, although this aspect is a main concern for costumers, it has been often
disregarded. Therefore, a multidisciplinary approach, involving also chemists and food technologists, could be a route
to develop new EO-based insecticide formulations, which could be successfully applied to different productive
sectors.[24,25]
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IV. CONCLUSIONS

Among botanical extracts used as insecticides, essential oils (EOs) are promising alternatives to chemical insecticides.
L. alba EOs are synthesized they play a key role in plant signaling processes including also attractiveness toward
pollinators and beneficial insects. Plant species producing essential oils (over 17,000 species) are called aromatic plants
and are distributed worldwide. Our review aims to evaluate research studies published in the last 15 years concerning
the use of L. alba Eo0s[26,27] in stored product protection. More than 50% of the retrieved manuscripts have been
published by authors from Eastern countries (Iran, China, India, and Pakistan), investigating different aspects related to
insect pest management (exposure route, effect on the target pest, and mode of action). Coleoptera was the most studied
insect order (85.41%) followed by Lepidoptera (11.49%), whereas few studies targeted new emerging pests (e.g.,
Psocoptera). Almost all the trials were carried out under laboratory conditions, while no experiments were conducted
under real operating conditions. Future research studies concerning the use of EOs as insecticides should focus on the
development of insecticide formulations which could be successfully applied to different production realities.[28,29]
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