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Description of the subject. This study describes development of mycoinsecticide formulations containing dry conidia of 
the entomopathogenic fungus Beauveria bassiana combined with various inert excipients in tablet form to facilitate conidia 
dispersion in water and to maintain viability during storage. 
Objectives. This study aimed to evaluate the tablet formation of B. bassiana conidia associated with different inert excipient 
under direct compression in a hydraulic press. 
Method. Evaluation and validation of the mechanical and storage properties of conidial tablets in different types of packaging. 
Results. The tablet formulation containing 30% conidia (active ingredient) and 70% cornstarch (inert excipient) displayed 
satisfactory results regarding mechanical resistance and dispersion in water. This tablet exhibited hardness and friability of 
173.94 N and 0.34%, respectively. The tablet disintegration rate in water occurred in 2 min, presenting a rapid dispersion of 
109 conidia.ml-1. Tablet stored in polyethylene pot with polymerized silica exhibited viability ≥ 80% over 180 days storage 
(25-28 °C). 
Conclusions. The formulation-packaging binomial is promising, considering the physical-chemical tablet parameters and 
the viability data. The conidia:cornstarch tablet type formulation provides a relevant cost-benefit ratio of a simple production 
process of a bioinsecticide, besides the use of low-cost adjuvant and packaging (polyethylene pot). Considering that most 
biopesticide products require storage under refrigeration, this work becomes important since the formulation remained viable 
for 180-days storage under room temperature conditions.
Keywords. Biological insecticides, keeping quality, pest control, alternative methods, viability, mechanical properties.

Technologie d’une nouvelle formulation de tablettes de conidies et d’un nouveau type d’emballage pour augmenter la 
durée de conservation de Beauveria bassiana (Hypocreales : Ophiocordycipitaceae) à température ambiante
Description du sujet. Cette étude décrit le développement de formulations de mycoinsecticides contenant des conidies sèches 
du champignon entomopathogène Beauveria bassiana associées à divers excipients inertes sous forme de tablette pour faciliter 
la dispersion des conidies dans l’eau et maintenir leur viabilité pendant le stockage.
Objectifs. Cette étude visait à évaluer la formation de tablettes de conidies de B. bassiana associées à différents excipients 
inertes sous compression directe dans une presse hydraulique.
Méthode. Évaluation et validation des propriétés mécaniques et de conservation des tablettes de conidies sous différents types 
de conditionnement.
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1. INTRODUCTION

Over the last 50 years, the entomopathogenic-fungi 
exploration with potential in insect pest biological 
control has gradually gained prominence. Adverse 
environmental impacts, human health safety 
risks and also the insect resistance mechanisms 
development through the use of chemical insecticides 
are the main reasons for the progressive increase 
of entomopathogenic-fungi based bioproducts 
commercialization (Jaronski, 2014; Egbuna et al., 
2020; Fiorotti et al., 2022; Kumari et al., 2022; 
Moustafa et al., 2023).

Worldwide, entomopathogenic fungi stand out as 
biocontrol agents, due to their broad action spectrum, 
their ability to infect insects at different development 
stages and their tegument penetration capacity. These 
characteristics show advantages over other groups of 
microorganisms also applied as biocontrols (Mora et al., 
2017; Rajula et al., 2020; Islam et al., 2021). Thereby, 
Beauveria bassiana, B. brongniartii, Metarhizium 
anisopliae, and Isaria fumosorosea species have been 
widely and commonly used to develop the 171 fungal-
based bioproducts available in the biological control 
market (Faria & Wraight, 2007; Maina et al., 2018; 
Butu et al., 2022).

Environmental storage conditions impact directly 
the bioproducts market potential, affecting their shelf 
life. Although these fungal species are promising 
biocontrol agents, their large-scale production and 
commercialization represent a challenge, mainly 
due to the short survival of the infective propagules 
when stored at room temperature and above (Batta & 
Kavallieratos, 2018; Kidanu & Hagos, 2020). Humidity 
is also an important requirement to improve fungal 
viability during transport and storage. Therefore, the 
shelf life can vary depending on fungi species/strains 
selected, the propagule form, and packaging type, 
representing a vital role during storage (Maina et al., 
2018; Kidanu & Hagos, 2020; Qayyum et al., 2021). 
For this reason, biopesticides mostly fungal-based 
produced constitute only 5% of the global crop market 

(Batista & Singh, 2021; Butu et al., 2022; Jampílek & 
Kráľová, 2022). 

The development of the entomopathogenic fungi 
formulations associated with inert excipient depends 
on several factors, such as viability, storage time, 
bioproduct handling and application; environmental 
factors, target pest contacts and interactions (Arnosti 
et al., 2019; Curkovic et al., 2019; de la Cruz Quiroz 
et al., 2019). Previous studies have focused their efforts 
on evaluating the packaging compositions to prolong 
the shelf life of fungal biopesticides. Furthermore, the 
excipient formulation and packaging type combinations 
are important factors for efficient product preservation 
(de la Cruz Quiroz et al., 2019; Biryol et al., 2022; 
Jeong et al., 2022).

The main challenge to commercializing ento-
mopathogenic fungal-based bioinsecticides is the 
production of an inexpensive and natural formulation 
(Faria & Wraight, 2007; Mascarin & Jaronski, 2016). 
Faria & Wraight (2007) presented a list of 171 fungi-
based bioproducts, exhibiting an insecticide action 
of 93.6%. In this context, commercial Beauveria 
bioproducts are described as dry (mostly wettable 
powder) and liquid (oil dispersions) formulations 
containing excipients, fillers, and other additives to 
obtain a stable preparation. Overall, drying processes 
are more effective in stabilizing Beauveria propagules 
since the low water content extends its shelf life. 
Studies have indicated the efficiency of topical or spray 
applications of wettable powders and water-dispersible 
granules in insect and nematode biocontrol (de la Cruz 
Quiroz et al., 2019).

Conidia-tablet bioinsecticide formulation develop- 
ment has been limited. Only a few patents describe 
this technology, WO2009093261A2 (2009), 
US2015272129A1 (2015) and CN110506755A (2019). 
Tablets have numerous advantages in the industrial 
process, such as physical-chemical stability, low-cost 
production, portion precision, easy handling and 
storage facility (Armstrong, 2013). Although several 
steps are required in the tablet production, compression 
is critical for the effectiveness of a product (Gerhardt, 

Résultats. La formulation de la tablette contenant 30 % de conidies (ingrédient actif) et 70 % d’amidon de maïs (excipient 
inerte) a montré des résultats satisfaisants en termes de résistance mécanique et de dispersion dans l’eau. Cette tablette 
présentait une dureté et une friabilité de 173,94 N et 0,34 %, respectivement. Le taux de désintégration de la tablette dans l’eau 
s’est produit en 2 min, présentant une dispersion rapide de 109 conidies.ml-1. La tablette stockée dans un pot en polyéthylène 
avec de la silice polymérisée a montré une viabilité ≥ 80 % sur 180 jours de stockage (25-28 °C).
Conclusions. Le couple formulation-conditionnement mis au point est prometteur compte tenu des paramètres physico-
chimiques de la tablette et des données de viabilité. La formulation de type conidies:amidon de maïs offre un rapport cout-
bénéfice intéressant pour un procédé de production simple d’un bioinsecticide, outre l’utilisation à faible cout d’adjuvant 
et de conditionnement (pot en polyéthylène). Considérant que la plupart des produits biopesticides nécessitent un stockage 
sous réfrigération, ce travail est important puisque la formulation est restée viable pendant 180 jours de stockage dans des 
conditions de température ambiante.
Mots-clés. Insecticide biologique, aptitude à la conservation, lutte antiravageur, méthode alternative, viabilité, propriété 
mécanique.
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2010). The mechanical properties of hardness and 
friability must be quantified as ideal parameters to 
obtain a homogeneous final product, improve its 
resistance to handling and transport, and facilitate the 
active ingredient release (Kumar et al., 2016; Agrawal 
et al., 2022; Mitra et al., 2022). Based on this, this 
study evaluated the tablet formation of B. bassiana 
conidia associated with different inert excipients under 
direct compression in a hydraulic press to reduce void 
spaces and, consequently, decrease water adsorption. 
Therefore, this study aimed to develop a conidium-
tablet formulation and evaluate its potential using 
different types of packaging to estimate the fungal 
conservation and viability under shelf conditions at 
room temperature.

2. MATERIALS AND METHODS

2.1. Entomopathogenic fungi

The entomopathogenic fungus Psi strain was previously 
isolated from a decomposed Diaphorina citri psyllid. 
The strain was identified by 18S rRNA region 
sequencing as a Beauveria bassiana (Hypocreales: 
Ophiocordycipitaceae) (99% similarity, GenBank 
number: KM031765.1).

2.2. Dry conidium production

The Psi strain was cultivated in PDA plates (potato 
dextrose agar) for 7 days at 26 ± 2 ºC, 12 h photophase. 
The fungal culture was scraped off and mixed with 
10 ml of Tween 80® (0.05%). This suspension 
(108 spores.ml-1) was inoculated in 200 g of rice (40% 
moisture) packed in polypropylene bags, and incubated 
at 26 ± 2 ºC for 15 days. The colonized rice was dried 
in an acclimatized room (27 ± 2 ºC) for 10 days and 
separated using vibrating sieve (Analytical Screener 
AS 300) (Alves, 2006).

2.3. Conidium tablet formulations

Different compounds were used as inert materials 
to formulate the conidia-tablets: cornstarch, sodium 
alginate, microcrystalline cellulose and arabic gum. 
The process was patented and deposited at the Brazilian 
National Institute of Industrial Property (Patent 
number BR1020180123017) (INPI-Brazil). Conidia 
and inert compound proportions (30:70; 40:60; 50:50 
and 40:60%) were calculated respecting the final tablet 
weight (kg). The mixture was placed in a desiccator 
coupled to a vacuum pump and monitoring until the 
decrease of its moisture and water activity to ± 5% and 
0.2, respectively. After mechanical homogenization, 
the mixture was transferred to 13 mm molds diameter 

and subjected to the effect of a hydraulic press to obtain 
0.5 mg of conidia-tablet. Pressure and time proportions 
at hydraulic press were 10 kpa/10 min; 5 kpa/5 min 
and 1 kpa/1 min.

2.4. Conidium tablet disintegration and dispersion

The dispersion aspect (total dispersion, lumps presence 
or slow swelling) and disintegration time (min) of a 
conidium tablet was calculated by adding it to in 
a Becker containing 100 ml of distilled water at 
room temperature under magnetic stirrer at 20 rpm, 
monitoring the time (min). Regarding disintegration, 
a conidium tablet was mixed with 900 ml of distilled 
water in tubes with rotating blades at 100 rpm (CIPAC 
MT-197). After tablet disintegration, aliquots were 
collected and filtered to estimate conidium release 
(conidia.ml-1) by microscopic counting in a Neubauer 
chamber (×400) (Alves, 2006). Disintegration time 
and aspect were determinate for all formulations, using 
shorter disintegration time as selection criterion. Both 
water dispersion speed and conidium concentration 
were performed for the selected formulation.

2.5. Conidium tablet mechanical properties assays

Hardness and friability tests. Hardness and friability 
assays were determined on the selected formulation. 
The conidium tablet hardness test was performed in a 
mechanical durometer (HDT-400) with a precision of 
1N. The tablets also were exposed to a friability test 
apparatus (100 rotations/25 rpm/4 min). Each tablet 
and its powder residues were weighed. The difference 
between the initial and final weight indicates the 
friability, measured as a function of the powder lost 
percentage (Brazilian Health Regulatory Agency, 
2019).

Packaging selection and storage condition. Two types 
of packaging were used to evaluate the preservation of 
the 30/70 formulation conidia-tablets (conidia/inert 
%): 
– polyester+aluminium+coex nylon 6-poly bag, with 

desiccator (polymerized silica), vacuum-sealed 
(PANS bag);

– polyethylene pot with desiccator (polymerized silica) 
and airtight closure (PSP pot). 

The conidium tablets also were packed in a filter 
paper and stored under the same condition. The 
polymerized silica (non-indicator) amount added to the 
packages was determined according to the methodology 
described by Redman-Furey et al. (2013). Different 
packages and control containing the tablets were stored 
for 365 days in an acclimatized room at 26 ± 2 °C, 
relative humidity > 70 ± 5% and a 12 h photophase. 
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The experimental design was completely randomized, 
using four replications per treatment (packages).

2.6. Determination of the packaging preservation 
potential

Water Activity (aw) and moisture (%). The water 
activity (aw) of conidium tablets from each package 
was evaluated by direct reading using a water activity 
meter (LabSwitt-aw - Novasina). The moisture (%) was 
determinate by an analytical infrared balance (AND 
MX-50). Tablets were weighed before packaging every 
30 days throughout the 365 days storage period.

Viability (%). Conidium tablets were disintegrated 
in 10 ml of Tween 80® solution (0.05%). Then, serial 
dilutions were performed, transferring a 150 µl aliquot 
of this suspension to a Petri dish RODAC® containing 
PDA medium (potato dextrose agar) and incubating 
at 26 ± 2 °C, 70% relative humidity, photophase 12 h. 
After 18 h-incubation, the viability (%) was determined 
by evaluating proportion between germinated and 
non-germinated conidia by counting under an optical 
microscope (×400). This analysis with tablet samples 
from the different packages was performed monthly 
during the storage period.

Statistical analysis. The entire experiment was 
conducted with four replicates for the variance 
analysis (ANOVA) and Tukey’s test (p < 0.05). 
Viability results were submitted to regression analysis 
by linear bivariate model for all storage packaging 
types. Pearson correlation test and the regression 
analysis were performed between the moisture (%) 
and the water activity (aw) concerning the viability 
(%). ANOVA, Tukey and Pearson correlation tests 
were performed using the software SPSS v. 23. (IBM, 
SPSS). Regression analysis was performed in PAST 
software (Hammer et al., 2001). Moisture (%), water 
activity (aw) and viability (%) graphics were performed 
by OriginPro 9 (Origin Corporation, 2012). 

3. RESULTS 

3.1. Beauveria bassiana conidium tablets 
formulation

Inert excipient effect and its mechanical properties. 
The tablet formulations with different conidia/
MCC ratios showed longer disintegration time and 
a slow swelling capacity in water. Sodium alginate 
and arabic gum each exhibited a rapid disintegration 
under the compression effect and showed adhesion 
to the pressing molds walls (Table 1). The tablet 
formulation containing conidia and cornstarch at 

proportion of 30 and 70%, respectively, showed 
satisfactory results concerning compressibility, 
aggregation, disintegration, and total dispersion in 
water. Cornstarch excipient displayed efficient results 
of the mechanical proprieties, and also in compression, 
disintegration time and dispersion in water. The 30:70% 
(conidia:cornstarch) formulation displayed 173,94 N 
of hardness and 0,34% of friability and presented 
total water dispersion in 2 min, a dispersion speed of 
± 2 min/1 kPa/1 min, releasing 1.3×109 spores.ml-1 in 
water (Table 1). Two minutes were the shortest time 
for the disintegration of all tested formulations. 

3.2. Packaging preservation

Conidium tablets water activity (aw) and moisture 
(%). Differences in water activity (aw) were observed 
for the conidium tablets in the two different types of 
packaging and control through analyzes over the storage 
period (1 to 12 months) (Figure 1a). Over 12 months 
period, the aw increased concomitantly with the storage 
time for each type of packaging. Concerning the 
tablets packed in PSP pots, this activity variation was 
lowest (0.388 - 0.545aw) with an increase of 40% after 
365-day period (F = 2602.6; d.f. = 24; p < 0.001). In 
contrast, PANS bag tablets increased in water activity 
by 78% over 12 months (0.399 - 0.710aw) compared to 
control after final storage period. The control (tablets 
packed in filter paper) exhibited an aw of 121% (0.362 - 
0.801aw) (12 months) (Figure 1a).

The increase in tablet moisture was progressive 
in each packaging type during 12 month-storage 
(Figure 1b). The PSP pot was more efficient in 
conidium tablets preservation, exhibiting 2.15% of 
moisture, the lowest value (F = 5902.1; d.f. = 24; 
p < 0.001) compared to PANS bags (3.54%) and the 
control (3.45%) during the storage period (Figure 1b). 
No significant differences in moisture were observed 
between PANS bag-packed tablets and the control over 
12 months (Figure 1b).

Conidium tablets viability (%). The conidium tablets 
packaged into PSP pot showed an 81.50% germination 
rate at 180 day-storage, corresponding to a 12% loss 
of viability. Regarding PANS bag-packed tablets 
compared to the control, the germinations rate was 
74.05 and 51.82%, corresponding to viability losses 
of 18 and 42%, respectively. At 365 days of storage, 
conidium tablets packed in PSP pots exhibited the 
highest viability value of 45.35% (F = 442.7; d.f = 24; 
p = < 0.001) (Figure 2).

Pearson’s correlation analyses between the 
packaging types to preserve the tablets indicated 
negative correlation between water activity (aw) and 
conidium germination rate (viability %) (ρ = -0.961; p = 
< 0.001; n = 52). Data also showed negative correlation 



Novel tablet type mycoinsecticide formulation  113

between moisture (%) and conidium germination 
rate (viability %) (ρ = -0.987; p = < 0.001; n = 52). 
These correlations indicate the conidium viability is 
reduced with increasing water activity and moisture. 
Overall, the viability of stored conidia decreased over 
the total storage period with a concomitant increase in 
the water activity and moisture (Figures 3a and 3b). 
Notwithstanding, the analyzed parameters referring to 
the conidium tablets packed into PSP pots displayed the 
lowest variation over the storage period. 

4. DISCUSSION

The sodium alginate and arabic gum used as inert 
excipient compounds exhibited rapid disintegration 
under the compression effect and adhesion of the 

mixture to the pressing molds walls. Therefore, 
results indicated the infeasibility of these polymers 
for conidium tested tablet formulations. Regarding 
microcrystalline cellulose (MCC), tablet formulations 
showed longer disintegration time and a slow swelling 
capacity in water (Table 1). MCC is the most used 
excipient in pharmaceuticals due to its rheological 
properties in wet mass to obtain tablets with low 
friability and high density (Chamsai & Sriamornsak, 
2013; Cho et al., 2022). Despite these advantages, 
a limiting factor of this polymer is related to the 
incomplete tablet disintegration, which has led to the 
search for other excipients, such as biopolymers (starch 
and its derivatives), semi-synthetic polymers, and lipids 
(Dukić-Ott et al., 2009; Chamsai & Sriamornsak, 2013). 

Based on this, the differential of this study 
was the cornstarch use as the only excipient in the 

Table 1. Effects of inert excipient on the mechanical properties of different conidium tablet formulations — Effets d’un 
excipient inerte sur les propriétés mécaniques de différentes formulations de tablettes de conidies.
Excipient Concentration (%) 

(conidia/excipient)
Compression
force/time (kpa.min-1)

Disintegration time
(min)

Water dispersion
 aspect

Cornstarch 30/70 10/10
5/5
1/1

10
5
2

total dispersion

40/60 10/10
5/5
1/1

13
8
5

total dispersion

50/50 10/10
5/5
1/1

15
11
8

lumps presence

60/40 10/10
5/5
1/1

17
13
10

lumps presence

Sodium alginate Disintegration after compression 
CMC-Na Adhesion to the press molds walls
Microcrystalline 
cellulose (MCC)

30/70 10/10
5/5
1/1

19
11
9

slow swelling

40/60 10/10
5/5
1/1

22
13
11

slow swelling

50/50 10/10
5/5
1/1

28
18
14

slow swelling

60/40 10/10
5/5
1/1

32
20
17

lumps presence

Arabic gum Disintegration after compression 
HMC Adhesion to the press molds walls
CMC-Na: sodium carboxymethyl cellulose — carboxyméthylcellulose sodique; HMC: Hydroxymethyl Cellulose —
Hydroxyméthylcellulose.
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entomopathogenic conidium-tablet composition, which 
exhibited significant results regarding physicochemical 
properties and active ingredient dispersion. The expe-
rimental data for both hardness and friability correspond 
to values established by Brazilian pharmacopoeia 
specifications (Brazilian Health Regulatory Agency, 
2019), which delimit ≤ 1.5% for friability and > 30 N 
for hardness. Although this pharmacopoeia stipulates 
parameters for health area pill production, this 
reference was extrapolated to develop conidium tablet 
formulations. The tablets (30:70%, conidia:cornstarch) 
displayed 173,94 N of hardness and 0,34% of friability, 
indicating a satisfactory resistance to avoid mechanical 

effects during their production, packaging and storage. 
Furthermore, cornstarch is a low-cost inert excipient 
with low viscosity, showing moisture resistance 
(Abotbina et al., 2020; Mitra et al., 2022). Regarding 
mechanical properties and inert effect, data suggest 
that this biopolymer may be efficient in the formulation 
and commercialization of entomopathogenic conidium 
tablets. In this context, the 30:70 conidium-cornstarch 
formulation was selected to evaluate its preservation in 
storage packaging materials. 

The formulation effectiveness depends on the 
selected fungal strain and its propagule, and the limiting 
conditions of exposure, such as temperature, humidity 
and solar radiation (Behle & Jackson, 2014; Islam et al., 
2021). Thereby, a limiting factor to commercializing 
entomopathogenic fungi is the difficulty in maintaining 
their viability for a long storage period (Silva & Neves, 
2016). Shelf environmental conditions are subject to 
wide variation in temperature and relative humidity, 
which favor conidial germination with the consequent 
loss of its infective capacity. Under favorable 
environmental conditions, conidia can readily germinate 
within 6 to 12 h (Lopes et al., 2013; Meshram et al., 
2022). Relative humidity around 90% and temperature 
between 25-30 ºC are optimal conditions for fungal 
germination (Ramanujam et al., 2014). Therefore, the 
storage control conditions and suitable formulations are 
important requirements to maintain conidial viability, 
aiming at enhancing bioproducts performance (Behle 

Figure 1. Effect of water activity and moisture content on 
Beauveria bassiana conidium tablets stored in different 
types of packages. (a) Water activity (aw) and (b) moisture 
of conidium tablets packed in different types of packaging. 
Control: conidium tablets packed in filter paper. Storage 
during 12 months at 26 ± 2 ºC — Effet de l’activité de l’eau 
et de la teneur en humidité sur les tablettes de conidies 
de Beauveria bassiana stockées dans différents types 
d’emballages. (a) Activité de l’eau (aw) et (b) humidité 
des tablettes de conidies emballées dans différents types 
d’emballage. Témoin : tablettes de conidies emballées dans 
du papier filtre. Stockage pendant 12 mois à 26 ± 2 ºC.
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Figure 2. Viability (%) of Beauveria bassiana conidium 
tablets determined by germination rate over its preservation 
using different types of packaging. Control: conidium 
tablets packed in filter paper. Storage during 12 months 
at 26 ± 2 °C — Viabilité (%) des tablettes de conidies de 
Beauveria bassiana déterminée par le taux de germination 
au cours de leur conservation en utilisant différents types 
d’emballage. Témoin : tablettes de conidies emballées dans 
du papier filtre. Stockage pendant 12 mois à 26 ± 2 °C.
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& Jackson, 2014; Ayala-Zermeño et al., 2017). Studies 
have indicated the conidium viability maintenance of 
B. bassiana and other entomopathogenic fungi at low 
relative humidity equilibrium during storage (Moore et 
al., 1996; Derakshan et al., 2008; Sandhu et al., 2008; 
Lopes & Faria, 2019). In this context, B. bassiana 
and M. anisopliae conidium formulations exhibited a 
decrease in their viability in a period below 30 days 
under storage at 30 ºC and 15.5% humidity (Marques 
& Alves, 1996). Furthermore, Lopes & Faria (2019) 
indicated the influence of moisture content on conidia 
stability, since the reduced moisture condition promotes 
a very low metabolic state, prolonging fungal viability. 
At this point, the water activity (aw) is a parameter 

that provides information on water amount slightly 
associated with non-aqueous constituents, which is 
available for metabolic processes such as growth, 
oxidation and catalytic reactions, unwanted attributes 
during storage period. The conidia must be with low 
metabolic activity to remain viable for a longer shelf 
life (Carareto et al., 2010; Tapia et al., 2020). Our 
work presents higher conidial viability (%) associated 
with lower moisture and aw for the 30:70 conidium-
cornstarch formulation preserved in polyethylene 
pot with desiccator (polymerized silica) and airtight 
closure (PSP pot) over 12 months at room temperature 
(26 ± 2 ºC). The 180-days period proved to be more 
adequate for preserving the viability of 81.50%, being 
this value within the range acceptable for bioproducts 
commercialization. Conidium viability must maintain 
an acceptable level above 80% during formulation and 
storage steps (Faria & Wraight, 2007; Gašić & Tanović, 
2013; Butu et al., 2022). 

In this context, different conidial formulations and 
their correlation with temperature, moisture, water 
activity and packaging type have been evaluated 
to extend cell viability over biopesticide shelf life. 
Despite different available storage methods, each 
bioproduct has specific characteristics, representing 
a new challenge for its preservation (Oliveira 
et al., 2011; Oliveira et al., 2015). Nowadays, the 
agromarket offers a wide variety of entomopathogenic 
fungal-based bioproducts, most of which require 
low storage temperature (Copping, 2004; de la Cruz 
Quiroz et al., 2019). Different approaches have 
been applied to prolong conidium shelf life, such as 
oxygen scavengers, vacuum packaging and nutritional 
control. Furthermore, storage containers with O2/H2O 
scavengers or additive incorporation in formulations 
have been evaluated to improve fungal shelf life for 
commercial purposes (Oliveira et al., 2015; Mascarin 
& Jaronski, 2016; Garcia-Riaño et al., 2022). 
Regarding packaging, the desiccant combination effect 
of silica and glycerol as oxygen scavengers, which 
prolonged the Batkoa sp. and Furia sp. dry mycelium 
viability up to 90 days at 23 °C (Leite et al., 2002; 
Ayala-Zermeño et al., 2017). Another study evaluated 
a grainy formulation of B. bassiana conidia on rice 
storage in three different packages based on coex, 
metallic polyester and polyethylene. The formulation 
packed in coex-type packaging showed the highest 
viability rate over 180 days at 25 ± 2 ºC, exhibiting the 
lowest moisture (Silva & Neves, 2016). According to 
de la Cruz Quiroz et al. (2019), most water-dispersible 
granular formulation storage should be between 0 
to 5 °C to maintain its viability beyond 6 months. 
Furthermore, a study evaluated an alternative modified 
atmosphere packaging (MAP) system to preserve 
M. anisopliae-inoculated millet grains, tested different 
packaging materials (e.g., polypropylene, polyethylene 

Figure 3. Linear regression analyses between (a) conidium 
tablet water activity (aw) or (b) conidium tablet moisture 
(%) and the conidium germination rate (viability %) during 
12-month storage at 26 ± 2 ºC — Analyses de régression 
linéaire entre (a) l’activité de l’eau des tablettes de conidies 
(aw) ou (b) l’humidité des tablettes de conidies (%) et le taux 
de germination des conidies (viabilité %) au cours d’un 
stockage de 12 mois à 26 ± 2 ºC.
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terephthalate, ethylene-vinyl alcohol), gas compositions, 
and storage temperatures (4-25 °C). The ethylene-vinyl 
alcohol film displayed satisfactory results by preserving 
the dry conidium viability at 80.5% with 7.4% moisture 
for 28 days at 4 °C due to the package modified 
atmosphere (30% CO2 + 70% N2) (Jeong et al., 2022). 
In this work, the selected conidium:cornstarch tablet 
type formulation (30:70%) remained viable at market-
desired levels after 180-days period, without the need 
of refrigeration when preserved in polyethylene pot 
with desiccator (polymerized silica) and airtight closure 
(PSP pot). This result is relevant considering that most 
bioproducts available in the current agromarket require 
refrigeration to preserve the viability at accept levels. 
Therefore, the present study presents a simple and 
less expensive formulation method of a biopesticide 
production. Furthermore, the conidia tablet can remain 
viable during a shelf life during a shelf life without 
being conserved in a fridge or a freezer.

5. CONCLUSIONS

In the present work, the cornstarch-based tablet 
formulation at 30:70% (conidia:excipient) exhibited 
satisfactory results concerning mechanical properties 
and water dispersion. Beauveria bassiana conidium-
based tablets stored in PSP pot displayed the smallest 
value lowest variation in moisture and water activity 
and, consequently, significant viability, which extended 
the conidium formulation shelf life. This packaging type 
maintained 81.50% conidium viability after 180 day-
storage at 26 ± 2 ºC, indicated as storage conditions. 
Conidial viability above 80% and product storage at 
room temperature are relevant results regarding the 
bioinsecticide potential effectiveness. Furthermore, this 
formulation manufacturing process is easy and low-
cost compared to other procedures applied to obtain 
this class of bioproducts.
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