Use of starch and biochar-based essential oil formulations from three aromatic plants as
antifungal components to improve peanut (Arachis hypogaea L.)seed storage

Abstract

Poor storage conditions of foodstuffs are responsible for their deterioration on many
microorganism species with substantial quantitative and qualitative losses.During storage,
formulating essential oilof some antifungal plants' based on cassava starch and corncob
biochar efficacywas evaluated on fungi associated with peanut seeds (Arachis hypogaea
L.).Two hundred peanut seeds were dispersed in plastic bottles; 5 g of essential oil
formulation starch-based (3 and 7 pl/g)were sprinkled on the seeds. Biochar pieces were
added to the seeds in the bottles for biochar-based essential oils.Laboratory conditions were
used to store both treatment and non-treatment seeds for 70 days. Infection rates of fungal
infections were estimated at 10, 20, 40, 60, and 70 days of storage. From the results obtained,
five fungal genera were isolated from peanut seeds, includingfour species ofAspergillus,
Cercospora sp, Fusarium sp, Phomopsis sp andRhizopus stolonifer, with seed infection
percentages ranging from 4 to 62%. The antifungal activity of starch-based formulations
revealed that at a concentration of 3 pl/g,Cymbopogon citratus essential oil is the most
effective antifungal agent, 13% infection for 70 days resulted storage of peanut seeds. After
70 days of storage, at a dose of 7 ul/g, C.sempervirens essential oil had the best antifungal
efficacy with 23.50% of infected seeds for the biochar-based formulation. As a result of these
findings, starch and biochar can be used to formulate essential oils for the conservation of
peanut seeds. Moreover, Cymbopogon citratus essential oil formulated with starch is the most
effective.

Keywords:Cymbopogon citratus, Cupressus sempervirens, Thymus vulgaris, essential oil,
Starch,Biochar, Antifungal activity, Peanut seeds, Conservation.

Introduction

Peanut (Arachis hypogaeal..) is one of the most essential cultivated legumes in sub-
Saharan Africa [1-2](Snapp et al., 2018; Kpatinvoh et al., 2017). Global annual groundnut
production is estimated at 47 million tonnes of dry pods, of which nearly 29% is produced in
Africa and 594,000 tonnes from Cameroon[3](FAOSTAT, 2018).Pulse in general and
groundnuts in particular are essential contributors to global food security, health and poverty
eradication [1](Snapp et al., 2018),especially in developing countries. These legumes are a
significant resource of essential protein, micronutrients, and amino acids[4](Asif et al.,
2013).They can thus contribute to the fight against iron deficiency anemia, one of the most
critical micronutrient deficiencies observed in Africa and against protein-energy
deficiency[1](Snapp et al., 2018).



Poor storage conditions are sometimes observed in rural areas. High seed moisture
content (insufficient drying), inappropriate relative humidity and temperature of storage
structures, thus promoting mould growth[5-6](Nadjet et al., 2016 ; Taruvinga et al.,
2014).The damage caused by these stock moulds is manifested not only by a significant
alteration of the aesthetic quality and organoleptic and chemical characteristicsof the
foodstuffs[5](Nadjet et al., 2016),but also by the production of mycotoxins such as aflatoxins.
Molds of the genus Aspergillus mainly produce the latter, recognized as a major contaminant
of peanuts[7](Torres et al., 2014). Due to their varied toxic effects, mycotoxins have the
potential to cause both acute and chronic poisoning in both humans and animals, sometimes
fatal such as carcinogenicity, immune toxicity, neurotoxicity, and
hepatotoxicity[8](Agriopoulou et al., 2020). It has been noticed that the many hazards caused
by molds on agricultural products generally lead to their removal during sorting forthe
market, resulting in a worldwide loss of food production estimated at between 5 and 10
%][9](Yiannikouris and Jouany, 2002).

Nowadays, to reduce the incidence of mold in stored commodities, chemical control
through the use of synthetic fungicides seems to be the most effective and widespread control
method in the world, with a substantial increase in agricultural productivity[10-2] (Aoudou et
al., 2010; Kpatinvoh et al., 2017).Nevertheless, synthetic pesticides are currently a global
concern since their adverse effects on human health and the environment have been
demonstrated. Indeed, the application of these synthetic chemicals at high concentrations for
post-harvest control increases the risk of toxic residues in foodstuffs[11-12](Adjou et al.,
2013; Rosenbaum et al., 2015) and the risk of developing resistant fungal strains[13](Rapp et
al., 2004). The toxic effects of chemical pesticides on human beings are carcinogenic,
immunosuppressive, mutagenic, and neurotoxic[14](Mostafalou and Abdollahi, 2016).
[5](Nadjet et al., 2016)showed that mycotoxin toxicity could be increased by human exposure
to synthetic pesticides, since the latter inhibit many enzymes, particularly those capable of
detoxifying certain mycotoxins.

Because problems associated with chemical pesticides, using of natural products of
plant origin to preserve foodstuffs is experiencing significant growth and constitutes a major
challenge to be met. Essential oils are a new category of biodegradable plant protection
products that have demonstrated their antifungal properties, with the particularity of
presenting no toxicity to humans[15-16](Abd-Alla and Haggag, 2013; Zhu et al., 2016).
Many previous studies on essential oils antifungal activity of Thymus vulgaris[17-18,
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19](Kritzinger et al., 2002; De Vincenzi et al., 2004; Vitoratoset al., 2013),Cymbopogon
citratus[20-21, 22](Yousef, 2013; Aoudou et al., 2017; Premathilake et al., 2018), and
Cupressus sempervirens[23-24](Mazari et al., 2010; Ismail et al.,, 2013)have been
demonstrated against some stock fungi such as Aspergillus niger, A. flavus, Penicillium
sp.Alternaria alternata, Fusarium tricinctum, Phomopsis and Rhizopus stolonifer. However,
although essential oils do not harm human health (without overdoses) and the environment,
some factors limit their full adoption.In actual storage conditions, essential oils have a short
shelf life because of their high volatility and unstable constituent molecules.[25-26](Hsieh et
al., 2006 ; Baptiste Hzounda Fokou et al., 2020).Additional doses are necessary to ensure
their antifungal activity,but essential oils typically yield low extraction yields. Hence, the
importance and necessity of developing formulations of essential oils capable of optimizing
the effectiveness of low doses of these essential oils as well as improving the persistence of
their antifungal properties during food storage is maintained.With this in mind, the objective
of this study is to contribute to improve the conservation of peanuts, by fighting against the

development of mold using essential oil formulations.

Materials and methods

Plant material and procedure for extracting Essential Oils
In January 2020, fresh leaves of Thymus vulgaris, Cymbopogon citratus and

Cupressus sempervirens were collected in the locality of Dschang and then air-dried for five
days at room temperature (25°C + 2). The leaves were hydrodistilled with the help of a
Clevenger-type apparatus for about 5 hours at the Research Center for Microbiology and
Ontibral Substances of the University of Dschang. Following the recommendations of [27-
28]Sessouet al. (2012) and Rguez et al.(2018), the extracted oils were dried with anhydrous

sodium sulfate and stored at 4°C away from light until used to prevent spoilage.

Starch and biochar aremade from corn cob
Cassava starch (Manihot esculenta) was obtainedusingthe method described by

[29](Maptue et al., 2021). Biochar based on maize cobs was obtained using the methods
described by[30] loannidouet al. (2009), [31] Liu et al. (2014) and taken up by[29](Maptue
et al., 2021). Biochar, specially corn-cobbiochar, has the particularity of having a high
relative porosity of nearly 80%[32](Djousse et al., 2018).This feature has aroused particular
interest in its use, as it can retain essential oils in its microporosity and allow increasing

volatility over time.



Essential Oil Formulations

Starch-based essential oil formulations (Cymbopogon citratus, Cupressus
sempervirens,and Thymus vulgaris) were made regarding the previous work of[33]Camara
(2009) and the technique described by [29](Maptue et al., 2021). For biochar-based essential
oil formulations (Cymbopogon citratus, Cupressus sempervirens), the technique described by
Maptue and collaborators in 2021 was applied.After preparing the formulations, they were
allowed to rest for 10 hours to ensure that the volatile elements of the essential oil diffused
effectively.

Treatment of peanut seeds

After removing rotten, cracked, or damaged seeds and waste, two hundred peanut
seeds were dispersed in plastic bottles. Regarding the starch-based essential oil formulation, 5
g was sprinkled on the seeds for each concentration. The powder and seeds were mixed in
each container to ensure that they had excellent contact. Each piece of biochar soaked in
essential oil was placed in the middle of the seeds in the bottles. Deltamethrin, a synthetic
pesticide for the protection of stored seeds, used at the manufacturer's recommended dose
(2g/kg), was a positive control. Untreated groundnut seeds were used as a negative control.
The experiment was performed three (03) times.

Effects of Essential Oil Formulations

For 70 days, treated and untreated seeds were stored at a laboratory room temperature
of 25 £ 2°C. Fungal infection rates were evaluated at 10, 20, 30, 40, 50, 60 and 70 days of
storage, using Potato Dextrose Agar and the blotter technique, following the protocol
described by[34] ISTA (2023) with some modifications.

Seed health

Disinfected peanut seeds on the surface (200 seeds) were placed on PDA (Potato
Dextrose Agar) medium to isolate the associated storage fungus. After 7-10 daysof incubation
at 25 + 2°C and daily observation, fungal colonies produced around the seeds were collected
and purified for identification using conventional fungal identification keys as reported in
other studies[35-36, 37](Champion, 1997; Warham et al., 1997; Mathur and Kongsdal, 2003).



Statistical analysis

Analysis of variance was performed on the collected data before using R software
version 4.2.2 to conduct the Duncan test with a 5% probability threshold.

Results and discussion

Fungi associated with peanut seeds and percentage of infection before treatment
The fungal species that were isolated from groundnut seeds and the percentage of

infection for each are depicted in Table 1. According to this result, groundnut seeds collected
in Dschang are infected mainly by eight (08) fungal species of interest. These areAspergillus
flavus, Aspergillus fumigatus, Aspergillus niger, Aspergillus parasiticus, Cercospora sp,
Fusarium sp, Phomopsis sp, and Rhizopusstolonifer. The infection of seeds caused by these
different species ranges from 4 to 62%.

Table 1: Percentage of peanut seed infection prior to treatment with essential oils by isolated

parasites
Fungal infection rate (%)

Identified fungi Peanut
A. flavus 39,00
A. fumigatus 11,50
A. Niger 18,00
A. parasiticus 3,50

Cercospora sp 15,50
Fusarium sp 41,50
Phomopsis sp 11,00
Rhizopus stolonifer 22,00

Antifungal activity of different formulations of essential oils
The in vivo antifungal efficacy of essential oil formulations of C.citratus, C.

sempervirens, and T. vulgaris based on starch and biochar is presented in Table 2. It is
apparent from these findings that all formulations have an inhibitory effect on fungal infection
of peanut seeds.Depending on the type of essential oil, dose, storage period, and formulation
support, this inhibition can vary.

Table 2: Fungal infection rate of peanuts treated with starch- and biochar-based essential oil
formulations as a function of storage period

Infection rate (%)




Formulations Doses 10 days 20days  40days 60 days 70 days

(n/g)
Starch + 3,00 38.50" 14.50° 22.00°  16.00°¢ 13.00°
C. citratus 7,00 32.50 24.50° 19.00° 4.00° 24.16"
Starch + 3,00 40.50° 30.00" 18.66°  15.00° 22.50"
C. sempervirens 7,00 39.00° 41.00° 13.00*  29.00° 28.50
Starch + 3,00 66.50° 27.00° 11.50°  14.50° 18.50%°
T. vulgaris 7,00 18.50° 24.50° 9.00° 14.50° 25.00"
Biochar + 3,00 65.66° 55.66° 44.66°  21.50° 34.00°
C. citratus 7,00 54,00 54.66° 52,009  14.66" 57.50™
Biochar + 3,00 40.16° 34.00° 22.50°  24.66° 38.50°
C. sempervirens 7,00 52.66° 41.16° 20.16°  23.16 23.50"
Control Control -  62.00% 62.00" 62.00th  62.00 62,009
Control +  50.83° 50.83° 50.83°  50.83° 50.83™

Means assigned with the same upper letter do not differ significantly according to
Duncan'’s test at the probability threshold P - .05

Antifungal activity of starch-based essential oil formulations
Figures 1 (A-B) and 2 (A-B) show, respectively, the percentage of infection as a

function of time and the percentage of infection after 70 days of storage of peanut seeds
treated with the essential oil formulations of Cymbopogon citratus, Cupressus sempervirens,
and Thymus vulgaris starch-based.Based on these results, the inhibitory effects of the
formulations were significantly influenced by the storage period, the dose applied and the
type of essential oil. Seeds treated with essential oils had a decrease in fungal infection
percentage throughout the storage period.Upon ten days of storage, the infection rate of
treated seeds was high and ranged from 18.50% to 66.50%. After 40 days of storage, the
infection percentages of treated seeds were lower than those of positive (58%) and negative
(62%) controls and ranged from 9% to 2.2%. These values are significantly lower (P - .05)
than those of the control and those obtained after then days of storage. After 60 days of
storage, the infection percentages of treated seeds, which range from 14.50% to 29%, are
significantly lower (P - .05) than those of the controls but still higher than thoseobtained
after 40 days of storage. According to these findings, the antifungal activity of different

formulations is determined by both the type of essential oil and its dose. For this purpose, the
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starch formulation + Cymbopogon citratus is the one with the highest antifungal activity with
a fungal infection rate of 13.00% at the concentration of 3 ul/g after 70 days of storage,
followed respectively by starch + Thymus vulgaris (18.50%) and starch + Cupressus

sempervirens (22%) at a concentration of 3 ul/g after 60 days of storage.

Antifungal activity of biochar-based essential oil formulations

Figures 1 (C-D) and 3 (A-B) show the percentages of fungal infection of peanut seeds
treated with essential oil formulations of Cymbopogon citratus and Cupressus sempervirens
based on vegetable charcoal. After ten days of treatment, the percentages of fungal infection
in seeds range from 97 to 100%;these mean values are statistically greater than those of
negative and positive controls 62.50%, and 85.50%, respectively. After 60 days of storage, the
percentages of infection of the treated seeds, which vary from 10% to 12%, are significantly
lower (P - .05) than those of the control and those obtained after 40 days of storage. Notably,
these percentages of fungal infection observed after 60 days were also lower than those
recorded after 70 days of storage (9% to 27%). The seeds' lowest percentages of fungal
infection were obtained after 60 days of storage, and there was no significant difference
between the doses applied. However, following a storage period of 70 days, the biochar + C.
citratusformulation exhibited superior antifungal activity compared to that which was
observed after 60 days at a concentration of 7 ul/g, with a seed infection rate of 9%, this is an

improvement over the 7 pl/g (12%) recorded at 60 days.
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Figure 1: Seed infection rate by substrate type, dose and storage period. A — B:

Formulation at a dose of 3 ul/g. C — D: Formulation at a dose of 7 ug/I

Effect of formulation support and dose on the effectiveness of formulated essential oils
Table 2 presents the effect of substrate type on the antifungal activity of essential oil

formulations at doses of 3 and 7 ul/ g. The influence of formulation support on seeds' fungal
infection percentages is not statistically significant (P > .05) at a dose of 3 ul/g. Whilst figure
1 illustrates the lowest percentages of fungal infection were detected at a 60-day storage
period, starch-based essential oil formulations exhibited greater activity than biochar-based
formulations, with no significant disparity.Looking at the effect of formulation support on the
antifungal activity of Cymbopogon citratus essential oil formulations at a dose of 7 ul/g, a
significant difference (P - .05) was observed betweenstarch and biochar formulations at 40
and 70 days of storage. Biochar-based formulations exhibited the most prominent inhibitory

impact on fungal infection of peanut seeds following 70 days of storage.



Discussion

In vivo, antifungal tests using the essential oil compositions of Cymbopogon citratus,
Cupressus sempervirens, and Thymus vulgaris against fungi associated with peanut seeds
revealed a substantial decrease in the rate of fungal infection of treated seeds compared to
untreated seeds and positive controls. Thymus vulgaris essential oil had the highest antifungal
activity in starch-based formulations, followed by formulations of Cupressus sempervirens
and Cymbopogon citratus oils at a concentration of 7 pl/g. Similarly, for biochar-based
formulations, the essential oil of C. sempervirens at the concentration of 7 pl/g showed the
highest antifungal activity. The ability of these formulations to prevent fungal infections can
be explained by the active chemicals in essential oils, which can either prevent the
development of fungi or stimulate the host plant's defenses, such as pathogenic fungi [38](Liu
et al., 2002).Numerous studies have indicated that essential oils possess biologically active
compounds, such as terpenes and terpenoids, including monoterpenes and sesquiterpenes with
their hydrocarbon and oxygenated derivatives, which contribute to their antimicrobial
properties and chemical makeup[39-40](Smigielski et al., 2018; Tchoumbougnang et al.,
2009). These studies have reported the antifungal effects of oxygenate and monoterpene
hydrocarbons against a diverse group of phytopathogenic fungi[38-19, 41](Liu et al., 2002;
Vitoratos et al., 2013; Regnier et al., 2014).

Previous studies [42-18](Thompson et al., 2003; De Vincenzi et al., 2004)showed that
Thymus spp essential oil composition consists primarily of oxygenated monoterpenes,
including carvacrol, thymol, linalool, geraniol, and p-cymen.These findings support the
obtained results and corroborate the work of [17] Kritzinger et al. (2002), which demonstrated
that under in vitro conditions, Thymus vulgarisessential oil significantly inhibited the growth
ofAspergillus flavus, A. niger, Fusarium oxysporium, F. equiseti, Penicillium chrysogenum
and Rhizopus sp associated with cowpea seeds in storage. Similarly, under in vivo conditions,
thyme markedly decreased the incidence of these fungi on naturally infected seeds.

On the other hand, it has been shown that lemongrass essential oil has as its majority
compounds citral aldehyde, B-Citral, geraniol, cis-Verbenol, acetal diethyl citral and nerol,
which are oxygenated monoterpenes, as well as myrcene and a-pinene, which are
hydrocarbon monoterpenes[43-22] (Shahzadi and Shahzadi, 2017; Premathilake et al.,
2018).0ther authors[44-45](Paranagama et al., 2003; Kakarla and Ganjewala, 2015)explained
that citral is the chemical constituent responsible for the antifungal properties found within

lemongrass essential oil. The work of[10]Aoudou et al. (2010)showed complete inhibition of
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the growth ofA. parasiticus mycelia by citral. Much other research has been conducted on the
chemical composition of essential oils of evergreen species[46-47, 48, 23, 24](Chéraif, 2005;
Sacchetti et al., 2005; Emami et al., 2006; Mazari et al., 2010; Ismail et al., 2013).

Studies have shown that this oil consists mainly of monoterpene hydrocarbons, such as
a-pinene, 6-3-carene, myrcene, and limonene, with only a small amount of oxygenated
monoterpenes present. The predominance of monoterpene hydrocarbons is the likely reason
for its limited ability to inhibit fungi associated with peanut seeds. According to [23] Mazari
et al. (2010),found that C. sempervirens essential oil had a moderate inhibitory effect on the
growth of A. flavus and F. oxysporum. However, when compared to the positive control

(amphotericin B), the oil did not show significant activity against Rhizopus stolonifer.

Conclusion

Essential oil formulations based on starch and biochar have significantly reduced
fungal development in peanut grains during storage. Use starch-based formulations revealed
that Thymus vulgaris essential oil almost completely inhibited fungi associated with peanut
seeds for up to 60 daysof storage at 7 ul/g. The biochar-based formulation of essential oil
from Cymbopogon sempervirens demonstrated a satisfactory impact and inhibitory effect after
a storage period of 60 days. Consequently, these outcomes indicate that... starch, and biochar
can be used to formulate essential oils to preserve peanut seeds. Thymus vulgaris essential oil
has been shown to be the most efficient, particularly when combined with starch. Further
research to investigate the endurance of these formulations would be intriguing.

References

[1] Snapp S, Rahmanian M, Batello C, Calles T. Pulses and sustainable farms in sub-Saharan
Africa. FAO, Rome, Italy. 2018; https://doi.org/10.3/JQUERY-UL.JS

[2] Kpatinvoh B, Adjou ES, Dahouenon-Ahoussi E, Konfo TRC, Atrevi B, Soumanou MM,
Sohounhloue DCK. Effectiveness of essential oils of three aromatic plants against
spoilage mycoflora of cowpea (Vigna unguiculata L., Walp) collected in sales stores in
South Benin. J. Apply Biosci. 2017, 109:10680-10687.
https://doi.org/10.4314/jab.v109i1.12

[3] FAOSTAT, 2018. Statistics for the year 2018 [WWW Document]. FAO. URL
https://www.fao.org/faostat/fr/#home (accessed 5.21.23).

[4] Asif M, Rooney LW, Ali R, Riaz MN. Application and opportunities of pulses in food
system: A review. Crit. Rev. Food Sci. Nutr. 2013, 53(11): 1168-1179.

10



[5] Nadjet G-T, Noureddine B, El Hadj O, Didi M, Ezzouar B, Alger A. Mycotoxins: a public
health danger. Alger. J. Arid Approx. 2016; 32:32—49.

[6] Taruvinga C, Mejia D, Alvarez JS. Appropriate seed and grain storage systems for small-
scale farmers: key practices for DRR practitioners, FAO. 2014

[7] Torres AM, Barros GG, Palacios SA, Chulze SN, Battilani P. Review on pre- and post-
harvest management of peanuts to minimize aflatoxin contamination. Food Res. Int.
2014 ; 62:11-19. https://doi.org/10.1016/j.foodres.2014.02.023

[8] Agriopoulou S, Stamatelopoulou E, Varzakas T. Advances in occurrence, importance, and
mycotoxin control strategies: Prevention and detoxification in foods. Foods. 2020; 9:137.
https://doi.org/10.3390/fo0ds9020137

[9] Yiannikouris A, Jouany JP. Mycotoxins in feeds and their fate in animals: a review. Anim.
Res. 2002; 51:81-99. https://doi.org/10.1051/ANIMRES:2002012

[10] Aoudou Y, Leopold TN, Michel JDP, Xavier EF, Moses MC. Antifungal properties of
essential oils and some constituents to reduce foodborne pathogen. J. Yeast Fungal Res.
2010; 1:001-008.

[11] Adjou ES, Kouton S, Dahouenon-Ahoussi E, Soumanou MM, Sohounhloue DCK. Effect
of essential oil from fresh leaves of Ocimum gratissimum L. on mycoflora during storage
of peanuts in Benin. Mycotoxin Res. 2013; 29:29-38. https://doi.org/10.1007/S12550-
012-0150-Y/METRICS

[12] Rosenbaum RK, Anton A, Bengoa , Lewis F, Maxime D, Nemecek T, Payet J, Rasanen
K, Roux P, Schau EM, Sourisseau S, van Zelm R, von Streit B, Wallman M. The
Glasgow consensus on the delineation between pesticide emission inventory and impact
assessment  for LCA. Int. J.Life Cycle Assess. 2015; 20:765-776.
https://doi.org/10.1007/S11367-015-0871-1/TABLES/3

[13] Rapp HS, Bellinder RR, Wien HC, Vermeylen FM. Reduced Tillage, Rye Residues, and
Herbicides Influence Weed Suppression and Yield of Pumpkins. Weed Technol. 2004;
18:953-961. https://doi.org/10.1614/WT-03-136R

[14] Mostafalou S, Abdollahi M. Pesticides: an update of human exposure and toxicity. Arch.
Toxicol. 2016; 912 (91): 549-599. https://doi.org/10.1007/S00204-016-1849-X

[15] Abd-Alla MA, Haggag WM. Use of Some Plant Essential Oils as Post-harvest Botanical
Fungicides in the Management of Anthracnose Disease of Mango Fruits (Mangi
Feraindica L.) Caused by Colletotrichum gloeosporioides (Penz). Int. J. A griculture For.
2013; 1-6. https://doi.org/10.5923/j.ijaf.20130301.01

[16] zhu X, Lin H, Si Z, Xia Y, Chen W, Li X. Benzothiadiazole-Mediated Induced
Resistance to Colletotrichum musae and Delayed Ripening of Harvested Banana Fruit. J.
Agric. Food Chem. 2016; 64: 1494—1502. https://doi.org/10.1021/acs.jafc.5b05655

11



[17] Kritzinger Q, Aveling TAS, Marasas WFO. Effect of essential plant oils on storage
fungi, germination and emergence of cowpea seeds. Seed Sci. Technol. 2002; 30:609—
619.

[18] De Vincenzi M, Stammati A, De Vincenzi A, Silano M. Constituents of aromatic plants:
carvacrol. Fitoterapia. 2004; 75:801-804. https://doi.org/10.1016/J.FITOTE.2004.05.002

[19] Vitoratos A, Bilalis D, Karkanis A, Efthimiadou A. Antifungal Activity of Plant
Essential Oils Against Botrytis cinerea, Penicillium italicum and Penicillium digitatum.
Not Bot Horti Agrobo. 2013; 41(1):86-92.

[20] Yousef SAA. Antifungal Activity of Volatiles from Lemongrass (Cymbopogon citratus)
and Peppermint (Mentha piperita) Oils Against Some Respiratory Pathogenic Species of
Aspergillus. Int. J. Curr. Microbiol. Appl. Sci. 2013; 2:261-271.

[21] Aoudou Y, Etoa E, Dady L. Effect of essential oil of Cymbopogon citratus on seed-born
fungi and soybean seeds performance. Int. J. Curr. Res. 2017; 9.

[22] Premathilake UGAT, Wathugala DL, Dharmadasa RM. Evaluation of chemical
composition and assessment of antimicrobial activities of essential oil of lemongrass
(Cymbopogon citratus (DC.) Stapf). Int. J. Minor Fruits, Med. Aroma. Plants. 2018;
4:13-19.

[23] Mazari K, Bendimerad N, Bekhechi C, Fernandez X. Chemical composition and
antimicrobial activity of essential oils isolated from Algerian Juniperus phoenicea L. and
Cupressus sempervirens L. J. Med. Plants Res. 2010; 4: 959-964.

[24] Ismail A, Lamia H, Mohsen H, Samia G, Bassem J. Chemical composition, bio-
herbicidal and antifungal activities of essential oils isolated from Tunisian common
cypress (Cupressus sempervirens L.) J. Med. Plants Res. 2013; 7:1070-1080.
https://doi.org/10.5897/JMPR12.1088

[25] Hsieh WC, Chang CP, Gao YL. Controlled release properties of Chitosan encapsulated
volatile Citronella Oil microcapsules by thermal treatments. Colloids Surfaces B
Biointerfaces. 2006; 53: 209-214. https://doi.org/10.1016/J.COLSURFB.2006.09.008

[26] Baptiste Hzounda Fokou J, Michel Jazet Dongmo P, Fekam Boyom F., 2020. Essential
Oil's Chemical Composition and Pharmacological Properties. Essent. Oils - Oils Nat.
https://doi.org/10.5772/intechopen.86573

[27] Sessou P, Farougou S, Kaneho S, Djenontin S, Alitonou GA, Azokpota P, Youssao |,
Sohounhloué D. Bioefficacy of Cymbopogon citratus essential oil against foodborne
pathogens in culture medium and in traditional cheese wagashi produced in Benin. Int.
Res. J. Microbiol. 2012; 3: 406-415.

[28] Rguez S, Djébali N, Ben Slimene I, Abid G, Hammemi M, Chenenaoui S, Bachkouel S,
Daami-Remadi M, Ksouri R, Hamrouni-Sellami I. Cupressus sempervirens essential oils

12



and their major compounds successfully control postharvest grey mould disease of
tomato. Ind. Crops Prod. 2018; 123: 135-141.
https://doi.org/10.1016/J.INDCROP.2018.06.060

[29] Maptue FB, Yaouba A, Ntsomboh-Ntsefong G. Antifungal Effect of Starch and Biochar
Based Essential Oil Formulations in the Preservation of Cowpea (Vigna Unguiculata (L).
Walp) Seeds. Jacs. 2021; 1: 1-10. https://doi.org/10.17303/jacs.2021.1.101

[30] loannidou O, Zabaniotou A, Antonakou EV, Papazisi KM, Lappas AA, Athanassiou C.
Investigating the potential for energy, fuel, materials and chemicals production from corn
residues (cobs and stalks) by non-catalytic and catalytic pyrolysis in two reactor
configurations. ~ Renew.  Sustain.  Energy  Rev. 2009; 13:  750-762.
https://doi.org/10.1016/J.RSER.2008.01.004

[31] Liu X, Zhang Yang Li Z, Feng R, Zhang, Yaozhong. Characterization of corncob-
derived biochar and pyrolysis kinetics in comparison with corn stalk and sawdust.
Bioresour. Technol. 2014; 170: 76-82.
https://doi.org/10.1016/J.BIORTECH.2014.07.077

[32] Djousse Kanouo BM., Allaire SE, Munson AD. Quality of Biochars Made from
Eucalyptus Tree Bark and Corncob Using a Pilot-Scale Retort Kiln. Waste and Biomass
Valorization. 2018; 9: 899-909. https://doi.org/10.1007/s12649-017-9884-2

[33] Camara A. Lutte Contre Sitophilus Oryzae L. (Coleoptera: Curculionidae) Et Tribolium
Castaneumherbst (Coleoptera: Tenebrionidae) Dans Les Stocks De Riz Par La
Technique D’Etuvage Traditionnelle Pratiquée En Basse-Guinée Et L’Utilisation Des
Huiles Essentielles Végé. Université du Québec, Montréal. 2009

[34] ISTA. International rules for seed testing 2023, International rules for seed testing.
Zurich, Switzerland. Zurich, Switzerland. 2023

[35] Champion R. Identifier les champignons transmis par les semences - REMI CHAMPION
- Achat Livre ou ebook | fnac, INRA. ed, INRA. INRA, Paris, France. 1997

[36] Warham E, Butler L, Sutton B. Controle des semences de mais et de blé: Guide de
laboratoire, International Maize and Wheat Improvement Center. CIMMYT, Lisboa,
Mexico. 1997. https://doi.org/10.3/JQUERY-UL.JS

[37] Mathur SB, Kongsdal O. Common laboratory seed health testing methods for detecting
fungi. Int. Seed Test. Assoc. Bassend. Switz. 2003. 425. https://doi.org/10.3/JQUERY -
ULJS

[38] Liu WT, Chu CL, Zhou T. Thymol and acetic acid vapors reduce postharvest brown rot
of apricots and plums. HortScience. 2002; 37:151-156.
https://doi.org/10.21273/hortsci.37.1.151

[39] Smigielski K, Prusinowska R, Stobiecka A, Kunicka-Styczyfiska A, Gruska R.
13



Biological Properties and Chemical Composition of Essential Oils from Flowers and
Aerial Parts of Lavender (Lavandula angustifolia). 2018; 21: 1303-1314.
https://doi.org/10.1080/0972060X.2018.1503068

[40] Tchoumbougnang F, Michel Jazet Dongmo P, Lambert Sameza M, Gaby Nkouaya
Mbanjo E, Bertrand Tiako Fotso G, Henri Amvam Zollo P, Menut C. B A S E Activité
larvicide sur Anopheles gambiae Giles et composition chimique des huiles essentielles
extraites de quatre plantes cultivées au Cameroun. Biotechnol. Agron. Soc. Env. 2009;
13: 77-84.

[41] Regnier T, Combrinck S, Veldman W, Du Plooy W. Application of essential oils as
multi-target fungicides for the control of Geotrichum citri-aurantii and other postharvest
pathogens of citrus. Ind. Crops Prod. 2014; 61: 151-159.
https://doi.org/10.1016/J.INDCROP.2014.05.052

[42] Thompson JD, Chalchat JC, Michet A, Linhart YB, Ehlers B. Qualitative and
quantitative variation in monoterpene co-occurrence and composition in the essential oil
of Thymus wvulgaris chemotypes. J. Chem. Ecol. 2003; 29: 859-880.
https://doi.org/10.1023

[43] Shahzadi MP, Shahzadi, M.P., 2017. Lemon Grass (Cymbopogon citratus). Grasses -
Benefits, Divers. Funct. Roles. https://doi.org/10.5772/INTECHOPEN.69518

[44] Paranagama PA, Abeysekera KHT, Abeywickrama K, Nugaliyadde L. Fungicidal and
anti-aflatoxigenic effects of the essential oil of Cymbopogon citratus (DC.) Stapf.
(lemongrass) against Aspergillus flavus Link. isolated from stored rice. Lett. Appl. Microbiol.
2003; 37: 86-90. https://doi.org/10.1046/J.1472-765X.2003.01351.X

[45] Kakarla S, Ganjewala D. Antimicrobial Activity of Essential Oils of Four Lemongrass
(Cymbopogon flexuosus Steud ) Varieties Antimicrobial Activity of Essential Oils of Four
Lemongrass (Cymbopogon flexuosus Steud ) Varieties. Med. Aromat. Plant Sci. Biotechnol.
2015; 107-1009.

[46] Chéraif 1. Contribution A L > Etude De La Composition Chimique De L’Huile
Essentielle Des Rameaux De Cupressus sempervirens L. Poussant En Tunisie. J. la Société
Chim. Tunisie. 2005; 7: 75-82.

[47] Sacchetti G, Maietti S, Muzzoli M, Scaglianti M, Manfredini S, Radice M, Bruni R.
Comparative evaluation of 11 essential oils of different origin as functional antioxidants,
antiradicals and antimicrobials in foods. Food Chem. 2005; 4: 621-632.
https://doi.org/10.1016/J.FOODCHEM.2004.06.031

[48] Emami SA, Asili J, Rahimizadeh M, Fazly-Bazzaz BS, Khayyat MH. Chemical and
Antimicrobial Studies of Cupressus sempervirens L. and C. horizentalis Mill. Essential
Oils: Iran. J. Pharm. Sci. 2006 ; 2 : 103-108.

14


https://doi.org/10.5772/INTECHOPEN.69518
https://doi.org/10.1046/J.1472-765X.2003.01351.X
https://doi.org/10.1016/J.FOODCHEM.2004.06.031

A B
60 2?6]) 508a 60 sosb
—_ . 30 lec
£ (2531) ES
540_ 2osb 540_ 203
z 5 18.3 d
_E g
=2 =
= 5
20 T 2_0 .
U‘ T 0 4
@'@' N §'z:‘> \ @& o &G\ @'@' \S'zf} \ @$’ 3 o
oY o S s o b
oF & <& e S & & & o dﬁ
5 e_,lb& Qx Q.x GP{S’ Qx
[s] < (s
& &F & & &
Kad O"?OQ = ke §09 b
K K

Figure 2: Fungal infection rate of treated peanut seeds based on starch-based essential oil

formulations and dose after 70 days of storage. A: Starch formulation at a dose of 3 ug/l. B:
Starch formulation at a dose of 7 ug/I.
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Figure 3: Fungal infection rate of treated peanut seeds based on biochar-based essential oil

formulations and dose after 70 days of storage. A: Biochar formulation at a dose of 3 ug/l. B:
Biochar formulation at a dose of 7 ug/I.
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