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Abstract The efficacy of Pongamia pinnata seed oil as
an antifeedant against the late instars of the Lemon
butterfly, Papilio demoleus L., was evaluated in the present
study conducted at the Department of Zoology of Osmania
University, Hyderabad, Telangana, India. The study period
was from June 2022 to November 2022. In the non-choice
method used for the antifeedant bioassays, citrus leaf discs
measuring 30 sg. cm were dipped for 1 minute in different
concentrations of P. pinnata seed oil emulsions, including
0.125%, 0.25%, 0.5%, 1%, and 2%. Distilled water and an
emulsifier were used as the control solution. The dipped
leaf discs were dried at room temperature. A single
pre-starved larva was placed on each leaf disc to feed on it.
After 24 and 48 hours of introducing the larvae on leaf
discs, the leaf area consumed by the larvae was measured
using the graph sheet method. The antifeedant activity of
the test concentrations exhibited dose-dependent results,
with the 2% oil emulsion demonstrating the highest
antifeedant activity of 84.65% and 70.30% after 24 and 48
hours of treatment, respectively. P. pinnata seed oil was
found to possess the potential to be utilized as an
antifeedant against P. demoleus larvae.

Keywords Citrus Butterfly, Swallowtail Butterfly,
Antifeedant  Activity, Feeding Inhibition, Feeding
Deterrents, Biopesticides

1. Introduction

Citrus species are believed to have originated in
Southeast Asia and India, with evidence of cultivation in
India dating back over 4,000 years [1]. As of 2015,
Southeast Asian countries accounted for 38% of global
citrus fruit production, with China being the top producer
at 36.6 million tons. Citrus fruit production in India is
estimated to be 7 million tonnes per year. The
commercially grown citrus species in India include orange,
sweet orange, lemon, and lime/acid lime, with the regions
of Maharashtra, Andhra Pradesh, Telangana, Punjab,
Karnataka, Uttaranchal, Bihar, Orissa, Assam, and Gujarat
being the major producers [2, 3].

Citrus plants in China are affected by 800 species of
pests, while in India, 250 species of pests infest citrus, with
most of them attacking young trees and affecting the
growth and productivity of the plants. The most damaging
pests include the Citrus butterfly, leaf miners, blackflies,
whiteflies, psylla, and scales. The Citrus butterfly or
swallowtail butterfly (Papilio demoleus) larvae, which are
leaf-feeding pests on citrus plants, are commonly called
orange dogs as they release orange-colored osmeterial
secretion when disturbed [4].

P. demoleus is a holometabolous insect with 4 stages -
egg, larvae, pupa, and imago in its life cycle. The larval
stage has 5 instars. In the study made by [5], the mean
period for egg incubation was 2.99 + 0.13 days, for the 1%
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instar 4.00 + 0.08 days, for the 2" instar 4.20+0.06 days,
for the 3rd instar 4.98 + 0.10 days, for the 4" instar 3.98 +
0.08 days and for the 5" instar, 4.99 + 0.09 days were
observed. The pre-pupal stage lasted for 1.84 + 0.04 days.
While the pupal stage lasted for 4.04 + 0.09 days, the
post-pupal stage lasted for 1.53 + 0.10 days. The male adult
had a mean longevity of 36.18 + 0.39 days, while the
female adult had a mean longevity of 39.11 + 0.37 days.

The larvae of P. demoleus, especially the older instars
are considered the most destructive pests in Citrus
nurseries as they prefer young flush and in heavy
infestations, plants can be completely defoliated [2, 3].

The purpose of using pesticides is to protect crops from
pests and thus increase agricultural productivity and the
quality of agriproducts [6]. The history of pesticides dates
back to 4500 years ago when the Sumerians used elemental
sulfur dustings [7]. In the US, $40 billion per year is spent
on synthetic pesticides [8]. European countries have a
share of 45%, the USA 25%, and India 4% in this pesticide
market [9]. Formulations of natural origin that have
pesticidal action are known as biopesticides [10]. All types
of living organisms or their products may be called
biopesticides if they are used to suppress pest populations
[11]. Beneficial endophytes were added to the list of
organisms that are considered biopesticides [12]. Many
plant products, such as Neem, have been used to protect
plants from pests for 4000 years [7].

Since the discovery of DDT in the 1950s, the usage of
botanicals in crop protection has decreased as synthetic
pesticides are cheap and effective against insect pests. Due
to recent research that brought the detrimental effects of
synthetic pesticides into the limelight, using biopesticides
has once again started gaining popularity [10]. Advantages
of biopesticides are biodegradability, eco-friendliness, the
presence of multiple active ingredients resulting in
synergistic effects, and a wide range of effects on the pest,
as in the case of neem tree extracts - they exert antifeedant,
repellent, growth retardant, and anti-oviposition effects [7].
Additionally, applying synthetic pesticides demands
special safety equipment and procedures that are not
required for applying biopesticides [13, 14].

Several efforts were made by researchers to evaluate the
antifeedant effects of various plant extracts against P.
demoleus. Antifeedant efficacy of several plant essential
oils was tested against 5-day and 10-day-old larvae by [15].
Methanol extracts of Azadirachta indica and Mentha
piperita were tested by [16] against the 3rd instar larvae.
Neem fruit extract was tested by [17] against the 2nd instar
larvae. Feeding deterrence of Betulinic acid,
Andrographolide, and Azadirachtin was tested by [18, 19,
20] against the 4th instar larvae.

The antifeedant efficacy of Pongamia pinnata seed oil
was also reported against Plutella xylostella [21], Western
flower thrips Frankliniella occidentalis [22], Colorado
Potato Beetle [23], Spodoptera litura [24], and Epilachna
dodecastigma beetle [25]. P. pinnata seed oil was found to
exert a repellent effect on the oviposition of the common

greenhouse.

However, no work has been done yet on the antifeedant
efficacy of P. pinnata seed oil against P. demoleus larvae.
The 4™ instar larvae were used in the present antifeedant
bioassays as they cause much more damage to citrus
orchards than the early instars.

2. Materials & Methods

2.1 .Rearing P. demoleus Larvae

Eggs and early instars of P. demoleus were collected
from sweet orange (Citrus sinensis) plantations in PA Pally
village, Nalgonda district, Telangana State, India
(16.706923, 79.075680). 0.02% sodium hypochlorite was
used to disinfect the collected eggs before they were
allowed to hatch. Along with the newly hatched larvae, the
larvae collected from citrus plantations were reared on C.
sinensis leaves in the laboratory. As the older instars are
more damaging than the younger instars, fourth instar
larvae were used for the antifeedant bioassays.

2.2. P. pinnata Seed Oil Extraction

Healthy seeds of Pongamia (Millettia) pinnata were
collected from the botanical garden located in Tarnaka,
Hyderabad, Telangana State, India. The collected seeds
were cleaned thoroughly and shade-dried for two weeks.
Virgin oil was collected from the seeds using the
cold-pressing method, and the collected oil was filled in an
airtight bottle and stored in the refrigerator until usage.

2.3. Preparation of Test Solutions

Using Tween 80 and distilled water, five different
concentrations (0.125, 0.25, 0.5, 1.0, and 2.0%) of oil
emulsions were prepared. Tween 80 and distilled water
were used to prepare the control emulsion excluding the P.
pinnata extracts.

2.4. Antifeedant Bioassay

To assess the antifeedant efficacy of the test emulsions,
leaf discs, and no-choice methods were used. Fresh C.
sinensis leaf discs of 30.00 sq. cm diameter were punched
and separately dipped in 0.125, 0.25, 0.5, 1.0, and 2.0% test
emulsions, or in the control emulsion. After drying, the leaf
discs were placed on wet tissue papers in separate Petri
dishes. A single-fourth instar larva of P. demoleus was
placed on leaf discs of each Petri dish. Leaf areas
consumed by the larvae were measured by the graph sheet
method after 24 and 48 hours of treatment. For each
treatment, five separate plates were maintained in a single
trial. A total of 150 larvae were used in the experiment that
was repeated five times. Mean values were used to
calculate the percentage of antifeedant activity at the test
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concentrations. The following formula was used to
calculate antifeedant activity index.

AFI= C-=T x100
C+T

Where: AFA = Antifeedant Activity,
C = Mean Leaf area not eaten in controlled disc.
T = Mean Leaf area not eaten in the treated disc.

2.5. Statistical Analysis

The obtained results underwent a one-way analysis of
variance (ANOVA) using Microsoft Excel software. The
level of significance was set at p<0.05, and a Tukey's-HSD
post-hoc test was performed.
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3. Results

Table 1 and Figure 1 present the results of the current
investigation. The mean leaf areas not eaten by the test
insects in the control batch were 13.28 + 0.40 sg. cm and
8.21 £ 0.28 sq. cm after 24 and 48 hours, respectively. With
a0.125% concentration, mean leaf areas of 18.69 + 0.45 sq.
cmand 13.07 + 0.24 sg. cm were not eaten after 24 and 48
hours, respectively. With 0.25% and 0.5% concentrations,
the mean leaf areas not eaten by the test insects after 24
hours were 20.98 + 0.32 sg. cm and 22.81 + 0.30 sg. cm,
and after 48 hours, they were 15.91 +0.23 sq. cmand 18.61
+ 0.42 sg. cm, respectively. Mean values of the leaf areas
not eaten by the test insect were 26.30 + 0.41 sg. cm and
21.98 + 0.57 sg. cm with 1% test emulsion. With 2%
emulsion, 28.61 + 0.24 sg. cm and 26.20 £ 0.26 sq. cm leaf
areas were not eaten, respectively, for the same periods.

Table 1. Mean and SD of Protected leaf area (sg. cm) and antifeedant activity with different concentration treatments of Pongamia pinnata seed oil

against the 4" instar larvae of Papilio demoleus

Conc. in % No. of Mean + SD Mean + SD AFA % after 24hrs AFA % after 48 hrs
insects After 24 hrs After 48 hrs

2 25 28.61 + 0.24* 26.20 + 0.26* 84.65 70.30

1.0 25 26.30 £ 0.41* 21.98 +0.57* 63.76 46.19

0.5 25 22.81+£0.30* 18.61 + 0.42* 39.86 3134
0.25 25 20.98 £0.32* 15.91 + 0.23* 29.91 21.46
0.125 25 18.69 + 0.45* 13.07 £ 0.24* 17.54 12.55

Control 25 13.28 £ 0.40 8.21+0.28 - -

All the values are significant at P<0.05.

*All the results were significantly different from each other as per Tukey’s -HSD post-hoc test.
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Figure 1. P. pinnata seed oil emulsion treated leaf areas not eaten by the 4" instar larvae of P. demoleus. For each treatment and check time, the mean

and standard errors are reported
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Figure 2. Antifeedant Activity Index of P. pinnata seed oil emulsion against the 4™ instar larvae of P. demoleus. Y-axis values represent the
percentage of feeding inhibition, X-axis values represent the percentage concentrations of test solutions

Figure 2 shows the Antifeedant Activity Index (AFI)
values of different concentrations of P. pinnata seed oil
emulsions. After 24 hrs. of treatment, 84.65% and 63.76%
of AFI were exhibited by 1% and 2% test emulsions
respectively. For the same period, 0.5%, 0.25%, and
0.125% test emulsions showed 39.86%, 29.91%, and
17.54% AFI respectively. After 48 hrs. of treatment, 2%
emulsion showed 70.30% AFI. With 1%, 0.5%, 0.25%, and
0.125% emulsions, 46.19%, 31.34%, 21.46%, and 12.55%
AFIs were obtained respectively.

The obtained results from the ANOVA conducted on
SPSS software version 29.0 were found to be significant at
P<0.05. Table 2 presents the ANOVA results of the 24 Hrs.
antifeedant bioassay, while table 3 presents the ANOVA
results of the 48 hrs. antifeedant bioassay. Tukey’s-HSD
post-hoc test was performed to determine the significant
differences among the different test groups. The results of
all test groups were found to be significantly different from
each other, according to the Tukey’s-HSD test.

Table 2. ANOVA results of Antifeedant Bioassay after 24 Hours

Sum of df Mean F Sig.
Squares Square
Between 1695.69 4 423.92 736.69 | <.001
Groups
Within 69.05 120 0.575
Groups
Total 1764.74 124

Table 3. ANOVA results of Antifeedant Bioassay after 48 Hours

Sum of df Mean F Sig.
Squares Square

Between 2635.37 4 658.84 1020.88 | <.001

Groups

Within 77.44 120 0.645

Groups

Total 2712.81 124

4. Discussion

In the current study, P. pinnata seed oil emulsion
demonstrated a concentration-dependent antifeedant effect.
At a concentration of 2%, it was found to be an effective
antifeedant with more than 50% AFI after 24 and 48 hours
(84.65% and 70.30%, respectively). However, at a
concentration of 1%, it exhibited more than 50% AFI only
after 24 hours (63.76%) and failed to maintain this level of
AFI after 48 hours (46.19%). At a concentration of 0.5%, it
produced moderate results with AFI values of 39.86% and
31.34% after 24 and 48 hours, respectively. On the other
hand, at concentrations of 0.25% and 0.125%, it showed
poor AFI values.

These results are consistent with those obtained in a
previous study [24], where 2% P. pinnata oil was found to
exhibit the highest AFI (44.86%) against the larvae of S.
litura (Fab.).

Several oil emulsions were found to exhibit antifeedant
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activity against P. demoleus larvae. A 1% emulsion of
lemon grass-Chirharit oil was reported to demonstrate
94.34% antifeedant activity, followed by 78.11% for
lemon grass-Krishna oil emulsion [15]. Similarly, a 1.5%
emulsion of neem oil was found to be effective in
inhibiting feeding by 3rd, 4th, and 5th instar larvae [26]. In
comparison to a synthetic insecticide, VVoliam flexi 300SC,
which resulted in 6% leaf consumption by the 4th instar
larvae, a 1% emulsion of neem oil-based Bioneem Plus, at
arate of 1.0 ml/l of water, led to 8% leaf consumption [27].

Various insect pests were found to be susceptible to the
antifeedant properties of P. pinnata oil emulsions. In
particular, P. pinnata oil demonstrated superior
antifeedancy compared to neem and rohituka oils against
the larvae of the Epilachna beetle (E. dodecastigma) [25].
Furthermore, repellent and toxic effects were observed
with 0.75% P. pinnata oil against both the western flower
thrips F. occidentalis [22].

During the Mid-Ordovician period (450 million years
ago), vascular plants emerged from their aquatic ancestors
[28]. Concurrently, a significant arthropod speciation event
also occurred [29]. To defend against herbivorous
arthropod pests, plants developed protective mechanisms,
including the production and storage of secondary
metabolites [30]. Insect pests locate their host plants
through olfactory signals and physical characteristics [31].
Contact chemoreception of plant allelochemicals plays a
critical role in pest food selection [32, 33]. Through their
dietary experiences, pests develop the ability to
differentiate between suitable and unsuitable food [34].
Antifeedants act on sensory cells, known as antifeedant
receptors, to prevent feeding by insect pests at low
concentrations. They can also block the function of
feeding-stimulant receptors [35].

In the current study, a 2% seed oil emulsion of P.
pinnata proved to be an effective antifeedant against the
4th instar larvae of P. demoleus. Additionally, P. pinnata
seed oil was found to be a good antifeedant against many
other pests. The presence of secondary metabolites in the
seed oil may have blocked the feeding stimulants of P.
demoleus larvae, resulting in feeding inhibition. Further
research is needed to identify which secondary metabolite
is responsible for this antifeedant property and to elucidate
the mechanism of action.

5. Conclusions

The present study is the first effort to study the
antifeedant activity of the seed oil of P. pinnata against the
larvae of P. demoleus. The results revealed that P. pinnata
seed oil has the potency of antifeedant activity against the
4" instar larvae of Papilio demoleus. Hence it may be used
to control the larvae of Papilio demoleus in citrus orchards
in place of synthetic pesticides which cause many ill
effects.

105

Declarations

Conflict of Interest

We declare that the authors have no conflict of interest
that might be perceived to influence the results and/or
discussion reported in this paper.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this article.

REFERENCES

[1] Meagher, R., (2004). “Citrus Pests and their Management,”
in Encyclopedia of Entomology, Springer, pp 878. DOI:
10.1007/0-306-48380-7_878

[2] Urbaneja, A., Grout, T. G., Gravena, S., Wu, F., Cen, Y., &
Stansly, P. A., “Citrus pests in a global world,” in The
Genus Citrus, pp 333-348, 2020. DOI: 10.1016/B978-0-12
-812163-4.00016-4.

[3] Santosh kumar, C.K., Kumaranag, K.M., Datta, M.B.,
(2013). “12 Important Insect Pests of Citrus and Their
Management,” krishisewa, http://www.krishisewa.com/
articles/disease-management/225-citrus_ip.html

[4] Meagher, R., (2004). “Citrus Pests and their Management,”
in Encyclopedia of Entomology, Springer, pp 902-903, DOI:
10.1007/0-306-48380-7_878

[5] Mangrio W.M., Sahito H.A. (2022). Biology, Weight
Measurement and Larval Time Consumption of Lemon
Butterfly, Papilio Demoleus Linnaeus (1758) on Citrus
Limon Leaves under Laboratory Conditions. Annals of the
Romanian Society for Cell Biology, 26(01), 282-297.

[6] Damalas, Christos, “Understanding benefits and risks of
pesticide use,” Scientific research and essays, vol. 4, pp
945-949, 2009.

[7] EI-Wakeil, N. E., “RETRACTED ARTICLE: Botanical
Pesticides and Their Mode of Action,” Gesunde Pflanzen,
vol. 65, no. 4, pp 125-149, 2013. DOI:10.1007/s10343-01
3-0308-3

[8] Popp J, Peté K, Nagy J., “Pesticide productivity and food
security. A review,” Agron. Sustain. Dev., vol. 33, pp 243-
255, 2013. DOI: 10.1007/s13593-012-0105-x

[9] De A, Bose R, Kumar A, Mozumdar S, “Worldwide
pesticide use.” in Targeted delivery of pesticides using
biodegradable polymeric nanoparticles, Springer, New
Delhi, 2014, pp 5-6.

[10] Glare, T., “Types of biopesticides,” in Biopesticides
handbook, CRC Press, pp 7-25, 2015.
[11] Thakore, Y., “The biopesticide market for global

agricultural use,” Ind. Biotechnol. Vol. 2, pp 194-208,
2006.

[12] Glare, T.R., Caradus, J., Gelernter, W.D. et al., “Have



106

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Pongamia pinnata Seed Oil Efficacy as an Antifeedant against the Larvae of Papilio demoleus L. (Lepidoptera: Papilionidae)

biopesticides come of age?,” Trends Biotechnol., Vol. 30,
pp 250-258, 2012.

Childs FJ, Chamberlain JR, Antwi EA, et al,
“Improvement of neem and its potential benefits to poor
farmers,” Dept of Internat Develop, UK, p 32, 2001.

Schmutterer H., “Properties and potential of natural
pesticides from the neem tree, Azadirachta indica,” Annu.
Rev. Entomol., vol. 35, pp 271-297, 1990.

Chauhan, D. and Srivastava, P. “Feeding inhibitory activity
of different medicinal plant oils against Papilio demoleus
L.”, Journal of Entomology and Zoology Studies, vol. 5, no.
1, pp 631-635, 2017.

Arya, S. (2019). Evaluation of Bio efficacy of Azadirachta
indica and Mentha piperita extract against Papilio demoleus
L. on Citrus crop. International Journal of Biological
Innovations, 1(2), 87-89.

Khan, M. F., & Ahmed, S. M. (2003). Comparative
Toxicity of Neem Fruit Extract and Cypermethrin Against
Tribolium confusum Hbst. (Coleoptera: Tenebrionidae) and
Papilio demoleus Linn. (Lepidoptera: Papilionidae).
Philippine Journal of Science, 132(2), 109-114.

Vattikonda, S. R., Amanchi, N. R., & Sangam, S. R. (2014).
Effect of betulinic acid on feeding deterrence of Papilio
demoleus L. (Lepidoptera: Papilionidae) larvae. Indian
Journal of Fundamental and Applied Life Sciences, 4(4),
43-48.

Vattikonda, S. R. (2015). Effect of andrographolide on
feeding behaviour of Papilio demoleus L., (Lepidoptera:
Papilionidae) larvae. Asian Journal of Bio Science, 10(1),
65-70.

Vattikonda, S. R., & Sangam, S. R. (2016). Assessment of
antifeedant potential of azadirachtin, a plant product of
Azadirachta indica against Papilio demoleus L.
(Lepidoptera: Papilionidae) larvae. Journal of Entomology
and Zoology Studies, 4(5), 956-959.

Pavela, R., “Efficacy of three newly developed botanical
insecticides based on pongam oil against Plutella xylostella
L. larvae,” JBiopest. VVol. 5, no. 1, pp 62-70, 2012.

Stepanycheva, E.A., Pazyuk, I.M., Chermenskaya, T.D. et
al., “Comparative Evaluation of Reactions of the Western
Flower  Thrips  Frankliniella  occidentalis  Perg.
(Thysanoptera, Thripidae) and the Predatory Bug Orius
laevigatus Fieber (Heteroptera, Miridae) to Pongamia
pinnata (L.) Pierre Oil,” Entmol. Rev. vol. 100, no. 4, pp
449-455, 2020. DOI: 10.1134/S0013873820040028

Kovatikova, K., & Pavela, R. (2019). United Forces of
Botanical Oils: Efficacy of Neem and Karanja Oil against
Colorado Potato Beetle under Laboratory Conditions.
Plants, 8(12), 608. https://doi.org/10.3390/plants8120608.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Wankhede MS., US Kulkarni, and Vrunda S Thakare,
“Evaluation of the antifeedant activity of some herbal oils
against Spodoptera litura (Fab.) under laboratory
conditions. Journal of Entomology and Zoology Studies,”
vol. 8, no. 1, pp 1140-1142, 2020.

Ruhul, A., Ahmed, S. M. S, Siddique, A. B., Ara, R., &
Bachchu, M. A. A. (2020). Toxicity and antifeedant
activities of three non-edible oils against Epilachna
dodecastigma (Wied.) (Coleoptera: Coccinellidae). Journal
of Medicinal Plants Studies, 8(4), 119-124.

Karim, S., Ahad, M.A., Amin, M.R., & Igbal, T.M.T.
(2007). Biology of Lemon Butterfly Papilio demoleus
(Lepidoptera: Papilionidae): The Effect of Neem Qil on
Food Consumption. J. Sci. Technol. (Dinajpur), 5, 28-34.

Khan, M., & Molla, M. (2021). Damage potential and
control of the common mormon butterfly, Papilio polytes
Cramer on citrus. Journal of the Asiatic Society of
Bangladesh, Science, 47(1), 35-46. https://doi.org/10.3329
/jasbs.v47i1.54185

Bateman RM, Crane PR, DiMichele WA, Kenrick PR,
Rowe NP, et al., “Early evolution of land plants: phylogeny,
physiology, and ecology of the primary terrestrial radiation,”
Annu. Rev. Ecol. Syst., vol. 29, pp 263-92, 1998.

Ehrlich PR, Raven PH., “Butterflies and plants: a study in
coevolution,” Evolution, vol.18, pp 586-608, 1964.

Fritz RS, Simms EL, eds. (1992). “Ecological genetics of
plant-phytophage interactions,” in Plant Resistance to
Herbivores and Pathogens: Ecology, Evolution, and
Genetics, Univ. Chicago Press, 1992, pp 1-9.

Miller, J. R., & Strickler, K. L., “Finding and Accepting
Host Plants,” in Chemical Ecology of Insects, pp 127-157.
DOI: 10.1007/978-1-4899-3368-3_6

Frazier, J. L., “The Perception of Plant Allelochemicals
That Inhibit Feeding,” in Molecular Aspects of Insect-Plant
Associations, Springer, Boston. MA,1986, pp 1-42. DOI:
10.1007/978-1-4613-1865-1_1.

Stadler, E., Rosenthal, G. A., & Berenbaum, M. R,
“Behavioral responses of insects to plant secondary
compounds,” in Herbivores: their interactions with
secondary plant metabolites: ecological and evolutionary
processes, 2" eds. Academic Press, INC., 1992, pp 45-88.

Del Campo, M., Miles, C., Schroeder, F. et al., “Host
recognition by the tobacco hornworm is mediated by a host
plant compound,” Nature, vol. 411, no. 6834, pp 186-189,
2001. DOI: 10.1038/35075559

Purrington, C. B., “Antifeedant Substances in Plants,” in
Encyclopedia of Applied Plant Sciences, pp 364-367. DOI:
10.1016/b978-0-12-394807-6.00068-x



	1. Introduction
	2. Materials & Methods
	3. Results
	4. Discussion
	5. Conclusions
	Declarations
	REFERENCES

