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Abstract

Imprudent and excessive application of agrochemicals is now a matter of serious concern. The situation
has stimulated the researchers to work on viable and nature friendly alternatives. The Polyethylene glycol
(PEG) supported nanoparticles has found prevailing applications in various fields including drug delivery
systems, nanomedical imaging and nanomedical therapy. Controlled and targeted release of encapsulated
material is one of the major advantages of such nanosystems. Many such formulations are being
developed for use in food and agricultural applications as they are safe, nontoxic, biocompatible,
ecofriendly etc. In this work a comprehensive discussion on essential oil loaded PEG nanoparticles is
presented. Different systems, their loading capacity and effective mortality are compared.

Introduction

Essential oils have been traditionally used for various applications including medicine, food and
agriculture. However, their efficient and controlled application, particularly in the field of agriculture has
always been a challenging task, due to poor water solubility, high volatility and decomposition under
different environmental conditions. Synthetic agrochemicals although, highly detrimental in comparison
to EOs but were excessively utilized to fulfill increasing demand of crop production and pest control. It
has imposed serious threat to environment and human health. Uses of synthetic pesticides have also
developed insecticide resistance. To mitigate the problem development of new technology and
sustainable agricultural practices is needed.

Despite these challenges the potential solution can be obtained by the application of
nanotechnology. In recent years, many nanoformulations have been developed for food and agricultural
applications. They are basically nanosized organic or inorganic structures supporting various active
ingredients as nanocapsules or nanoemulsions. Stadler et al. recently reported application of nano-
alumina against R. dominica and Sitophilus oryzae L. (rice weevil) (Copeloptera: Curculionidae). Goswami
and Debnath prepared various Silica, aluminum oxide, zinc oxide and titanium dioxide NPs and silver NPs
using an aqueous leaves extracts. These nanomaterials were successfully applied against S. oryzae.
Especially, the organic polymer like polyethylene glycol, pectin, chitosan etc. based nano formulations
encapsulating botanical insecticides were extensively explored. PEG is a water soluble, synthetic polymer
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where oxygen molecules are bridged by ethylene unit. Biocompatibility and commercial production are

major advantages associated with PEG. Commercially PEG is available in a wide range of molecular

weights. PEG 200-600 exist as liquid, PEG 1500 semisolid while PEG 3000-20000 as semicrystalline solid.
The focus of this review is to cover recently reported PEG supported nano-formulations loaded

with essential oils for agricultural applications. Further, the preparation, properties and its correlation

with loading efficiency is discussed in detail.

Essential oils sources and their applications

Essential oils are volatile secondary metabolites produced by plants. It is assumed that during the course
of evolution these secondary metabolites have been developed by plants in order to protect themselves
against pathogens. Table 1 summarizes some essential oil and their potential applications. Different
studies have shown that essential oils possess antibacterial and antifungal properties.

Target organism Diseases caused Essential Qil Property Reference
by pathogen
Alternaria solani Early blight Angelica Antifungal Fraternale et al.
archangelica
Aspergillus Ochratoxin Citrus x limon L. Antifungal Dimi'c, G et al.
carbonarius producer
Bipolaris oryzae Brown spot Piper Antifungal Irshad, M. et al.
sarmentosum
Phytophthora Black pod disease  Syzygium Antifungal Nana, W.L. et al.
megakarya aromaticum
Zanthoxylum
xanthoxyloides
Fusarium Dry rot Zanthoxylum Antifungal Xing-dong, L. et al.
sulphureum bungeanum
Fusarium Ear rot on maize Curcuma longa Antifungal Brado Avanco, G.
verticillioides etal.
Geotrichum citri-  Sour rot (post- Thymus spp. Antifungal Boubaker, H. et al.
aurantii harvest)
Lasiodiplodia Rot and dieback Myrcia lundiana Antifungal Alves,M.F. et al.
theobromae (forest species)

9368




Nat. Volatiles & Essent. Oils, 2021; 8(5): 9367-9374

Rhodococcus Leafy gall disease ~ Ocimum ciliatum Antibacterial Moghaddam, M.
fascians etal.
Clavibacter Ring rot disease Achillea Antibacterial Kotan, R. et al.
michiganensis biebersteinii

Achillea

millefolium
Xanthomonas Black rot and leaf  Zataria Antibacterial Amini, L. et al.
campestris spot multiflflora
Pseudomonas Soft rot Vetiveria Antibacterial Atif, M. et al.
aeruginosa zizanioides
Pseudomonas Bacterial canker Thymus vulgaris Antibacterial Oliva, M.D.L.M. et
syringae al.
Pseudomonas spp.

Table 1. Essential oils and their properties
Preparation of nano formulation:

Usually the melt dispersion method is utilized for the preparation of EO loaded nanoparticles. The method
involves melting of PEG 6000 on hot plate followed by addition of essential oils in portion with high stirring
of 15000 rpm for the duration of 10 to 30 minutes. Further, cooling of mixture at temperature ranging
from -4 °Cto 25 °Cfor 45 minutes to 12 h is reported. On melting the PEG molecules orient them randomly.
Cooling initiates the nucleation which leads to the formation of amorphous or crystalline particles. When
the faster cooling is carried out in presence of foreign material it leads to the formation of amorphous
solid which is good in encapsulation property and storage ability. The grounding of mixture in a
refrigerated mortar yields fine powder of different particle size. The powder thus obtained on passing
thorough sieve (230 mesh) yields desired nanoparticles.

Properties of nanoparticles:

The concept of loading essential oil over PEG nanoparticle is based on ability of polymer matrix to
encapsulate the material. Another important criterion for the selection of support is the chemical stability
of encapsulated material under polymer matrix. Generally, good encapsulation ability and stability is
reported with PEG. The loading efficiency can be estimated by preparing the solutions of different
concentrations following serial dilution method. The absorbance was determined using UV
spectrophotometer. The standard curve of concentration versus absorbance gives a comparative picture
of loading efficiency. Yang et al in their work observed the oil loading efficiency of 80% at 10% optimal
ratio of garlic oil to PEG. Nanoparticles have shown unimodal size distribution with no variation in mean
size and size distribution.

9369



Nat. Volatiles & Essent. Oils, 2021; 8(5): 9367-9374

Properties and activity of some nanoformulations are listed in Table 2. A relationship between

nanoparticle size, PDI and degree of encapsulation has been observed in various reports (Zuidam and

Shimoni, 2010). Peppermint loaded nanoparticles of high PDI values have irregular shapes and wide range

of sizes. This has led to low encapsulation and quick release of essential oils. The NPs were of the size 380

nm and loading efficiency 89.7%. However, Palmarosa essential oil encapsulating nanoparticles have low

PDI values. They have shown higher levels of encapsulation and slower oil release rate as well. The

nanoformulations with low PDI show a more controlled release of essential oils from the polymeric matrix.

In case of Palmarosa essential oil loaded NPs all the components were maintained even after 7 day of

formulation. Da Rosa et al. reported that the difference in properties of nanoparticles may be attributed

to the varying chemical behavior of essential oils.

Essential oil Size of NP  PDI Loading Pest species/Insect Ref
Efficiency
Clove oil 179+1.69 0.24 77 Tribolium Ikawati et al.
castaneum
Palmarosa 19145 0.232+0.01 89.75%+2.5 Plodia Werdin-Gonzdlez et
oil 5 interpunctella al.
Geranium 259+12 0.228+0.00 90.5+2.32  Plodia Werdin-Gonzdlez et
7 interpunctella al.
234 0.253+0.02 8313 R. dominica Werdin-Gonzalez et
7 T castaneum al.
Peppermint 281129 0.53240.01 72.25%#1.6 Plodia Werdin-Gonzdlez et
3 interpunctella al.
331+12.84 0.547+0.01 85 Kumar et al.
5
Bergamot 184+18 0.279+0.03 78+3 R. dominica Werdin-Gonzdlez et
7 T castaneum al.
Garlic oil 233+10.8 80.46+4.9 T castaneum Yang et al.
4
Lemon 240+2.51 0.34 96 Tuta absoluta Campolo et al.
Mandarin 212.05+0. 0.26 92 Tuta absoluta Campolo et al.
04
Sweet 216.6£0.6 0.23 88 Tuta absoluta Campolo et al.
orange 3

Table 2. Average size, polydispersity index (PDI), loading efficiency and Pest species of the various

nanoformulations.

Werdin-Gonzalez et al. reported 83% and 78% loading of Geranium and Bergamot essential oils

respectively at 10 % optimal ratio. At this ratio best results were obtained with respect to size, loading

9370



Nat. Volatiles & Essent. Oils, 2021; 8(5): 9367-9374

efficiency and low PDI. Spectropotometric determination of loading efficiency for lemon, mandarin and
sweet orange EO-NPs was found 96%, 92% and 88%(w/w), respectively.

Nanoparticles of Mentha piperita essential oil at varying oil doses (5-10%, w/v) shows the
encapsulation efficiency of 78.2-83.4%. The PDI of nanoparticles varies between 0.547 and 1.000. The
average particle size of the nanoparticles synthesized was found between 226 and 331 nm, Ikawati et a/
studied the insecticidal activity of clove oil encapsulated NPs over red flour beetle (Tribolium castaneum).
The NPS obtained are of irregular shape but good dispersion. The encapsulation efficiency of these
nanoparticles is found to be 77%.

Chemical compositions of nanomaterials of different life time were also examined to understand
environmental stability of encapsulated essential oils. Yang et al reported no significant change in
composition between pre-encapsulated and post-encapsulated nanoparticles. Even over zero to five
months no change in composition was observed except the variation in diallyl sulfide, diallyl trisulfide and
dialyl bisulfide concentrations. Werdin-Gonzalez et al. also reported no significant change in loading over
6 months in essential oil composition for Geranium and Bergamot. Ikawati et al observed the contact
toxicity for 16 weeks. Even after 16 weeks of storage, more than 70% and 90% mortality at 15.2%
concentration was observed. Surprisingly, for all concentration level there is decrease in residual contact
toxicity of clove oil NPs in comparison to free clove oil for one weeks of storage. Yang et al reported the
insecticidal activity of Garlic EO loaded NPs against adult T castaneum. The greater decrease in efficiency
was observed with nanoparticles in comparison to free essential oil.

Nanoparticle Bioassay

A remarkable residual toxicity of the EO was reported by Werdin-Gonzdlez et al. gainst T. castaneum and
R. dominica. The contact toxicity in case of nanoparticles loaded with geranium and bergamot last for 16
and 12 weeks while the EOs alone just for 4 and 2 weeks, respectively. When bergamot NPs were applied
the mortality for R. dominica was observed for 20 weeks however, The geranium NP has shown the activity
during all the experiments. In another study same group reported the NPs of peppermint, palmarosa,
geranium, lavender and rosemary against the German cockroach. Out of these the results of NPs of
germanica and palmarosa were most promising. The menthe piperita loaded nanoparticles when utilized
against housefly larvae have shown considerable mortality under laboratory conditions. While under field
the impact was less which further decreased to 93% and 57% after first and sixth week, respectively.
Campolo et al utilized different citrus oil based nanoparticles against invasive tomato pest tuta absoluta.
The formulation is found to less effective for eggs than larvae and on treatment less that 50 percent of
egg population was affected even at maximum application rate.

.Conclusions:

Essential oils have been extensively studied for their pesticide activity. However, in situ studies are still
scarce due to limitations related to physical properties of essential oils. Recent investigations based on
nanotechnology have shown promising results, especially with PEG. It can be established that essential
oils loaded on PEG support have better biocompatibility, high loading capacity, high encapsulation
efficiency, better environmental safety, low PDI and good mortality against pests over other organic
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polymer networks. The results are promising enough and have potential to be developed as successful
technology.

References:

10.

11.

12.

Alves,M.F.; Nizio, D.A.d.C.; Sampaio, T.S.; Nascimento, A.F.D.; Brito, F.D.A.; Melo, J.0.D.; Arrigoni-
Blank,M.D.F.; Gagliardi, P.R.; Machado, S.M.F.; Blank, A.F. Myrcia lundiana Kiaersk native
populations have different essential oil composition and antifungal activity against Lasiodiplodia
theobromae. Ind. Crop. Prod. 2016, 85, 266—273.

Amini, L.; Soudi, M.R.; Saboora, A.; Mobasheri, H. Effffect of essential oil from Zataria multififlora
on local strains of Xanthomonas campestris: An effiffifficient antimicrobial agent for
decontamination of seeds of Brassica oleracea var. capitata. Sci. Hortic. 2018, 236, 256—-264.
Atif, M.; llavenil, S.; Devanesan, S.; AlSalhi, M.S.; Choi, K.C.; Vijayaraghavan, P.; Alfuraydi, A.A.;
Alanazi, N.F. Essential oils of two medicinal plants and protective properties of jack fruits against
the spoilage bacteria and fungi. Ind. Crop. Prod. 2020, 147, 112239

Brugnari, T.; Mallmann, C.A.; Abreu Filho, B.A.D.; Mikcha, J.M.G.; Machinski, M., Jr. Curcuma longa
L. essential oil composition, antioxidant effffect, and effffect on Fusarium verticillioides and
fumonisin production. Food Control 2017, 73, 806—813.

Boubaker, H.; Karim, H.; El Hamdaoui, A.; Msanda, F.; Leach, D.; Bombarda, I.; Vanloot, P.; Abbad,
A.; Boudyach, E.H.; Ait Ben Aoumar, A. Chemical characterization and antifungal activities of four
Thymus species essential oils against postharvest fungal pathogens of citrus. Ind. Crop. Prod. 2016,
86, 95-101.

Yeguerman, E. Jesser, M. Massirisc, C. Delrieuxc, A.P. Murray, J.0. Werdin Gonzale. Insecticidal
application of essential oils loaded polymeric nanoparticles to control German cockroach: Design,
characterization and lethal/sublethal effects.Ecotoxicology and Environmental Safety 189 (2020)
110047

Cui, Haiying., Bai, Mei., & Lin, Lin., Plasma treated poly(ethylene oxide) nanofifibers containing
tea tree oil/beta-cyclodextrin inclusion complex for antibacterial packaging.Carbohydrate
Polymers.(2017),1-30

Chidavaenzi, O.C., Buckton, G., Koosha, F., 2001. The effect of co-spray drying with polyethylene
glycol 4000 on the crystallinity and physical form of lactose. Int. J. Pharm. 216, 43—49.

Da Rosa, C.G., de Melo, A.P.Z., Sganzerla, W.G., Machado, M.H., Nunes, M.R., Maciel, M.V.D.0.B,,
Barreto, P.L.M., 2020. Application in situ of zein nanocapsules loaded with Origanum vulgare
Linneus and Thymus vulgaris as a preservative in bread. Food Hydrocolloids 99, 105339.

Dimi’c, G.; Koci'c-Tanackov, S.; Mojovi‘c, L.; Pejin, J. Antifungal Activity of Lemon Essential Qil,
Coriander and Cinnamon Extracts on Foodborne Molds in Direct Contact and the Vapor Phase. J.
Food Process. Preserv. 2015, 39, 1778-1787

Dr. Naveen Nandal, Dr. Aarushi Kataria, Dr. Meenakshi Dhingra. (2020). Measuring Innovation:
Challenges and Best Practices. International Journal of Advanced Science and Technology, 29(5s),
1275 - 1285.

Emiliano Nicolas Jesser, Crishtian Alan Yeguerman, Natalia Stefanazzi, Romina Gomez, Ana Paula
Murray, Adriana Alicia Ferrero, and Jorge Omar Werdin Gonzalez. An ecofriendly approach for the

9372



Nat. Volatiles & Essent. Oils, 2021; 8(5): 9367-9374

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

control of a common insect pest in the food industry, combining polymeric nanoparticles and
post-application temperatures.Journal of Agricultural and Food Chemistry.(2020),1-39.

Debnath, N., Das, S., Seth, S., Chandra, R., Bhattacharya, S., Goswami, A., 2011. Entomotoxic effect
of silica nanoparticles against Sitophilus oryzae (L.) J. Pest. Sci. 84, 99-105.

FENG-LIAN YANG,t XUE-GANG LI, FEN ZHU,AND CHAO-LIANG LELl.Structural Characterization of
Nanoparticles Loaded with Garlic Essential Qil and Their Insecticidal Activity against Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae).). Agric. Food Chem. 2009, 57, 10156-10162
Fraternale, D.; Flamini, G.; Ricci, D. Essential oil composition of Angelica archangelica L. (Apiaceae)
roots and its antifungal activity against plant pathogenic fungi. Plant Biosyst. Int. J. Deal. All Asp.
Plant Biol. 2016, 150, 558-563.

Irshad, M.; Aziz, S.; Hussain, H. GC-MS Analysis and Antifungal Activity of Essential oils of Angelica
glauca, Plectranthus rugosus, and Valeriana wallichii. J. Essent. Oil Bear. Plants 2012, 15, 15-21
Jorge Omar Werdin Gonzdlez , Maria Mercedes Gutiérrez , Adriana Alicia Ferrero , Beatriz
Ferndndez Band.Essential oils nanoformulations for stored-product pest control -
Characterization and biological properties.Chemosphere 100 (2014) 130-138

Kotan, R.; Cakir, A.; Ozer, H.; Kordali, S.; Cakmakci, R.; Dadasoglu, F.; Dikbas, N.; Aydin, T.; Kazaz,
C. Antibacterial effffects of Origanum onites against phytopathogenic bacteria: Possible use of the
extracts from protection of disease caused by some phytopathogenic bacteria. Sci. Hortic. 2014,
172,210-220.

Lin, Lin., Dai, Yajie., & Cui, Haiying., Antibacterial poly(ethylene oxide) electrospun nanofifibers
containing  cinnamon  essential  oil/beta-cyclodextrin  proteoliposomes.Carbohydrate
Polymers(2017),1-29

Moghaddam, M.; Alymanesh, M.R.; Mehdizadeh, L.; Mirzaei, H.; Ghasemi Pirbalouti, A. Chemical
composition and antibacterial activity of essential oil of Ocimum ciliatum, as a new source of
methyl chavicolagainst ten phytopathogens. Ind. Crop. Prod. 2014, 59, 144-148.

Nana, W.L.; Eke, P.; Fokom, R.; Bakanrga-Via, |.; Begoude, D.; Tchana, T.; Tchameni, N.S.; Kuate,
J.; Menut, C.; Fekam Boyom, F. Antimicrobial Activity of Syzygium aromaticum and Zanthoxylum
xanthoxyloides Essential Oils Against Phytophthora megakarya. J. Phytopathol. 2015, 163, 632—
641.

Oliva, M.D.L.M.; Carezzano, M.E.; Giuliano, M.; Daghero, J.; Zygadlo, J.; Bogino, P.; Giordano, W.;
Demo, M. Antimicrobial activity of essential oils of Thymus vulgaris and Origanum vulgare on
phytopathogenic strains isolated from soybean. Plant Biol. 2015, 17, 758-765.

Orlando Campolol , Asma Cherif2,3, Michele Ricupero2 , Gaetano Siscaro2 , Kaouthar Grissa-
Lebdi3 , Agatino Russo 1, Lorena M. Cucci4 , Patrizia Di Pietro4 , Cristina Satriano4 , Nicolas
Desneux5 , Antonio Biondi2 , Lucia Zappala2 & Vincenzo Palmeri.Citrus peel essential oil
nanoformulations to control the tomato borer, Tuta absoluta: chemical properties and biological
Activity. Scientific reports| 7:13036

Prego, C.; Torres, D.; Fernandez-Megia, E.; Novoa-Carballal, R.; Quino_a, E.; Alonso, M. J. Chitosan-
PEG nanocapsules as new carriers for oral peptide delivery effect of chitosan pegylation degree.
J. Controlled Release 2006, 111, 299-308

9373



Nat. Volatiles & Essent. Oils, 2021; 8(5): 9367-9374

25

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Stadler T, Buteler M, Weaver DK. Novel use of nanostructured alumina as an insecticide. Pest
Manag Sci. 2010 Jun;66(6):577-9.

Silvi Ikawati, Toto Himawan, Abdul Latief Abadi and Hagus Tarno. Toxicity nanoinsecticide based
on clove essential oil against Tribolium castaneum (Herbst). j. Pestic. Sci. (2021)46(2), 222-228
Tobi'o, M.; S_anchez, A.; Vila, A.; Soriano, I. I.; Evora, C.; Vila-Jato, J. L.; Alonso, M. J. The role
ofPEG on the stability in digestive fluids and in vivo fate of PEG-PLA nanoparticles following oral
administration. Colloids Surf., B 2000, 18, 315-323.

Vila, A.; S_anchez, A.; Tobi'o, M.; Calvo, P.; Alonso, M. J. Design of biodegradable particles for
protein delivery. J. Controlled Release 2002, 78, 15-24.

Werdin Gonzalez, J.0., Gutiérrez, M.M., Ferrero, A.A., Band, B.F., 2014. Essential oils
nanoformulations for stored-product pest control-Characterization and biological properties.
Chemosphere 100, 130-138.

Werdin Gonzalez, J.0., Stefanazzi, N., Murray, PENg et al. Flavour Fragrance Cosmet. (China) 2008,
3,22-25). (DOI:10.1021/jf9023118)

Westesen, K., Bunjes, H., Koch, H.J., 1997. Physicochemical characterization of lipid nanoparticles
and evaluation of their drug loading capacity and sustained release potential. J. Control. Release.
48, 189-197.

Xing-dong, L.; Hua-li, X. Antifungal activity of the essential oil of Zanthoxylum bungeanum and its
major constituent on Fusarium sulphureum and dry rot of potato tubers. Phytoparasitica 2014,
42,509-517.

Yang, F.L., Li, X.G., Lei, C.L., 2009. Structural characterization of nanoparticles loaded with garlic
essential oils and their insecticidal activity against Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae). J. Agric. Food Chem. 57, 10156-10162.

Ze-hua Li, Ming Cai, Yuan-shuai Liu, Pei-long Sun, Development of Finger Citron (Citrus medica L.
var. sarcodactylis) essential oil loaded nanoemulsion and its antimicrobial activity, Food Control
(2018),

Zuidam, N.J., Shimoni, E., 2010. Overview of microencapsulates for use in food or processes and
methods to make them. In: Encapsulation Technologies for Active Food Ingredients and Food
Processing. Springer, New York, pp. 3—-29.

9374



