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Abstract

Baker, S.Z., S.M. Ismail and K.F. Saeed. 2023. Effect of Some Surfactants on the Expired Bioformulation Belthirul® and
Evaluation of its Efficacy Against Fig Moth Larvae, Ephestia cautella (Walker). Arab Journal of Plant Protection, 41(2):
119-126. https://doi.org/10.22268/AJPP-041.2.119126

A laboratory study was conducted to evaluate the effect of two surfactants Neutrafol-pH and Inex-A compared to the expired
Belthirul® formulation (Bacillus. thuringiensis var kurstaki) on the larvae of the fig moth Ephestia cautella (Walker). Tests were conducted to
determine the time required for wetting, stability of the suspension under normal conditions and compatibility between the entomopathogen
and surfactants. Expired formulation, fresh formulation and treated expired formulation were bio-assayed on third instar larvae of the fig moth
E. cautella to evaluate its efficacy. The results obtained showed that the two surfactants Neutrafol-PH and Inex-A were highly efficient in
reforming the expired bioformulation Beltirul®, improved its physical specifications and increased its biological activity on fig moth larvae,
and Neutrafol-PH was more effective in increasing the activity and vitality of B. thuringiensis var. kurstaki in the expired bioformulation. The
number of bacterial colonies was 17.3x10'° CFU/g, whereas it was 8.0x10%° colonies/g in the expired bioformulation treated with Inex-A
surfactant, compared with non-treated expired bioformulation which reached 3.9x10° CFU/g. The treated expired bioformulation with
Neutrafol-PH and Inex-A increased its efficacy by increasing mortality rate 82.08 and 74.38%, respectively, on the third instar larvae of the
fig moth at the concentration of 1 g/L.
Keywords: Efficacy, Belthirul®, surfactants, fig moth, Ephestia cautella.

Introduction

The wide pesticides importing by both of public and the
private sectors without a good estimate of its actual need led
to stocks accumulation all over the world. It is estimated that
more than half a million tons of banned and obsolete
pesticides are due to pass their expiry date or as a result of
poor storage, as temperatures inside non-typical stores
during the summer reach 50°C or more, which accelerates
the deterioration of pesticides to a state of loss of validity
before the expiry of its shelf life (Abd Alrahman, 2022; Al-
Mallah & Mustafa, 2010; Al-Tikriti, 1998; Hala et al., 2016),
and such stocks are considered as a source for environment
pollution (Lohaa et al., 2008).

Bioformulations in the form of wettable powders
(WP), are among the most widely used preparations, which
are characterized by their wetting, dispersal, suspension, and
physical and chemical stability during storage (Teera-
Arunsiri et al., 2003). One of the most imported formulations
of entomopathogenic bacteria is B. thuringiensis var kurstaki
formulations used for the control of Lepidoptera larvae (Ali,
2017). Temperature is one of the most important factors
affecting the deterioration of the active ingredient of Bacillus
thuringiensis formulations during storage above 25°C, which
negatively affects the stability of the formulations depending
on the storage period (Dunkle & Shasha, 1988; Ignoffo,
1992; Khorramvatan et al., 2014).

Previous studies indicated that the toxicity of wettable
formulations of Bacillus thuringiensis var kurstaki was
reduced by 60% when exposed to high temperatures during
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storage (Muostafa et al., 2018). Zafar et al. (2000) found that
B. thuringiensis formulations were stable and effective for
36 months when stored at laboratory temperature and the
toxicity was reduced by 6-10% against cotton bollworm
Helicoverpa armigera, whereas Brar et al. (2005) reported
that temperature above 50°C led to a decrease in the vitality
of the spores and protein crystals of Bacillus thuringiensis
formulations.

Published work indicated that products, which are still
possible to use in principle, but are not usable because their
physical specifications are not suitable for the recommended
field use, and thus classified among the undesirable
pesticides whose specifications can be relatively improved
by adding surfactants, repackaged and then distributed for
use on the assumption that they do not harm crops,
environment and human health (Al-Tikriti et al., 2001; Hala
et al., 2016). This study aimed to test the possibility of
reforming the obsolete bioformulation Belthirul® using some
surfactants and evaluating its effectiveness on controlling the
third instar larvae of the fig moth Ephestia cautella.

Materials and Methods

Two packages of the bioformulation Beltirul® (Bacillus
thuringiensis var kurstaki) were brought in the form of WP
produced by the Spanish company Probelte fito (pb) in a
package weighing 500 g containing powdered spores and
toxic secretions of these bacteria prepared in a biocidal way,
the concentration of these bacteria was 3200 1U/gm and the
use rate was 25-50 g/100 liters of water. One of the two
packages was fresh with a production date of 2020, and the
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second package was expired with a production date of 2017,
was expired since two years and three months and was
collected from the stores of the Ministry of Agriculture. The
two surfactants used were Neutrafol-pH (3% N + P20s 17%
+ Spreading and adhesive agents) and Inex-A (Ethoxylated
Fatty Alcohol 20.2% + Polydimethylsiloxane 1.0%) to
reform the expired pesticide.

Rearing of the fig moth E. cautella

The insect was reared on artificial nutrient medium consisted
of 81% crushed wheat (semolina), 12% glycerine, 6%
molasses, and 1% dry yeast at a temperature of 2+27°C and
a relative humidity of 50-60% inside the incubator according
to the method of (Tarik & Al-Hadethy, 2015)

Laboratory tests

For the purpose of assessing the activity of bacteria in the
fresh and expired formulations, B. thuringiensis var kurstaki
from both formulations was grown at 10 dilution in nutrient
agar (NA) (Biomedia, India), in four replicates. 24 hours
after incubation at 37 °C, the number of bacterial colonies
was counted directly on the culture media plates. Standard
hard water was prepared by dissolving well 0.304 g of CaCl;
and 0.139 g of MgCl,.6H,0 in one liter of distilled water.
The hard water solution was kept in 2000 ml glass beakers
for use in special physical tests to determining the effect of
additives in the expired bioformulation Belthirul® through
the following tests: (1) Wetting time test was conducted to
determine the effectiveness of the additives to the
bioformulation powders (the effectiveness of the disperser
and diffuser materials) that were subjected to certain changes
that led to powder agglomeration and becoming insoluble in
the spray solution, and the time required for getting wet
should not exceed one minute (Shaaban & Al-Mallah, 1993),
(2) Suspension stability test under normal conditions was
conducted to determine the effectiveness of the dispersal and
diffusion of materials in the wettable powder formulation,
the suspension percent should not be less than 50% (Shaaban
& Al-Mallah, 1993). Suspension rate was calculated using
the following equation:

Suspension rate = 9/10 % 100 - (wl-w2)/wl

whereas: wl= weight of wettable powder, w2= weight of
residue of pesticide powder.

Another study was conducted to study the possibility
of enhancing efficacy of the expired Beltirul® by using two
surfactants Neutrafol-PH at a concentration of 1.2 ml/L and
Inex at a concentration of 0.75 ml/L of the pesticide solution
prepared at concentrations 0.063, 0.125, 0.25, 0.5 and 1.0 g/I.
The reformed samples were then subjected to bio-assay test
on the third instar larvae of the fig moth E. cautella. The
Belthirul® concentrations were prepared using distilled water
that included 0.063, 0.125, 0.25, 0.5 and 1 g of the
product/liter of distilled water, in addition to the control
treatment (water only), with three replicates in Petri dishes.
The exposure method used was by mixing the Belthirul®
concentration with diet (wheat semolina) (Al-Mallah & Al-
Jubouri, 2016), then sprayed at a rate of 10 ml of

Belthirul solution/15 g wheat semolina, for all the
concentrations mentioned above, by a small atomizer and left
to dry before distributing to replicates. Each Petri dish
contained around 5 grams of treated wheat semolina. In
addition, 10 larvae were added to each Petri plate, then
placed in the incubator at a temperature of 27 + 2°C and
relative humidity of 65+2%. After 3, 7 and 9 days, the
number of dead larvae in each replicate was recorded.
Corrected mortality rate was calculated according to Abbott's
equation (1925):

Corrected mortality MR Treatment —

rate (MR) (%) = MR control x10g

100- MR control

Statistical analysis

The laboratory experiments design was a completely
randomized design (CRD). The analysis of variance was
conducted by SPSS program, and the comparison of means
was carried out according to Duncan's multiple range test at
a probability level of 0.05 (Al-Sahoki & Waheeb, 1990).

Results and Discussion

Viability of B. thuringiensis var.kurstaki in the fresh and
expired Belthirul® bioformulation

The bacterial viability test of B. thuringiensis var.kurstaki in
the fresh and expired Beltirul® product (Figure 1) showed
that the number of bacteria colonies in the fresh
bioformulation reached 11.8x10'° CFU/g, whereas the
number of colonies in the expired bioformulation was
3.9x10%° CFU/g. These results indicated that the bacterial
spores have lost their vitality in addition to the
decomposition of toxins of the protein crystal in the
bioformulation Belthirul® as a result of unsuitable storage
conditions, especially in locations where temperatures reach
up to 50 °C or more in the summer. Moustafa et al. (2018)
found that the loss rate (%) in the active ingredient of the two
formulations Dipel 2 x 6.4% WP and Protecto 9.4% WP for
Bacillus thuringiensis subsp. Kurstaki when stored at
temperature of 35+2 °C after 12 weeks of storage reached up
to 5.82 and 12.52%, respectively, which led to a decrease in
the toxicity of these two formulations against the second
instar larvae of the cotton leaf worm Spodoptera littoralis by
60%, whereas the loss rate in the active ingredient were 3.41
and 8.03%, respectively, under a storage temperature of
54+2°C for 14 days.

Stability of adjuvants in the bioformulation Belthirul®
Results obtained (Table 1) showed that the required time to
wet the expired bioformulation using hard and normal water
exceeded the permissible limits (more than one minute),
reaching 1.5 and 1.3 minutes, respectively, compared to the
time needed to wet the fresh bioformulation, which
amounted to 0.18 and 1.3 minutes, respectively. It was clear
that the additives (dispersing and spreading agents) of the
expired Belthirul® were exposed to physical and chemical
changes that made the powder become agglomerated and less
soluble in the spray solution.
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Figure 1. The number of B. thuringiensis var. kurstaki
colonies (Xx10%* CFU/g) in the fresh and expired Belthirul®
formulation.

Table 1. Determining the required Time required for wetting
of the fresh and expired Belthirul® using hard water and
normal water.

Wetting time (min.)

Standard hard Distilled
Items water water
Fresh formulation 0.18b 0.13b
Expired formulation 150a 1.30a

Means followed by the same letters in the same column are not
statistically different according to Duncan's multiple range test at
P=0.05.

Results obtained (Figure 2) also showed that the
suspension rate (%) in the expired Belthirul® amounted to
22.5%, whereas it reached 79.6% in the fresh product, and it
decreased to below the permissible limits (less 50%.). This
indicates that the adjuvants (dispersing and spreading agents)
due to exposure to certain physical and chemical changes
that led to the agglomeration of the powder and become less
soluble in the spray solution (Al-Tikriti, 1998; Shaaban &
Al-Mallah, 1993).

Compatibility of the expired Beltirul® formulation with
the two surfactants Neutrafol — PH and Inex-A

The compatibility test for the expired Beltirul® with the
two surfactants Neutrafol -PH and Inex-A (Figure 3) showed
that the surfactant Neutrafol-PH was more compatible in
increasing the activity and vitality of B. thuringiensis
var.kurstaki, and the number of bacteria colonies reached
17.3x10%° CFU/g, followed by the surfactant where the
number of bacterial colonies reached 8.0x10% CFU/g
compared with the control treatment (without surfactant)
which reached 3.9x10'° CFU/g, keeping in mind that the
number of colonies in the fresh preparation was 11.8x10%°
CFU/g (Figure 1). The results showed that the expired
Belthirul® was compatible with the two surfactants of
Neutrafol-PH and Inex-A, and that the surfactant Neutrafol-
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PH increased the number of bacteria colonies in the expired
bioformulation by 4.4 times compared to the surfactant Inex-
A which increased the number of bacteria colonies 2-fold,
and this may be due to the increase of nitrogen content of the
surfactant Neutrafol-PH by 3%, which increases the activity,
growth and reproduction of B. thuringiensis var. kurstaki, as
mentioned by Sarrafzadeh (2012). In addition, it was found
that urea increases the effectiveness of B. thuringiensis
bacteria by 2.7 times (Salama et al., 1985; Zhang et al.,
2013). Prabakaran & Hoti (2008) found that high levels of
amino nitrogen in the culture media (fermenters) increased
the biomass of Bacillus thuringiensis var israelensis (dry
weight 4.78 gL' and the number of spores 3.24x10!
CFU/mL.
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Figure 2. Suspension rate of the fresh and expired Belthirul®
formulation.
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Figure 3. Number of B. thuringiensis var. kurstaki colonies
(xx 10° CFU/g) of the expired Beltirul® formulation treated
with the two surfactants of Neutrafol-PH and Inex-A.

Ismail (2017) found that the inorganic salts MgSOa,
CaCOs, and boric acid had a stimulating effect on the growth
and reproduction of bacteria, as they caused an increase in
the number of B. thuringiensis var kurstak colonies of
103.95-439.47%, whereas the emulsifier agent Tween 20
caused an increase in the number of colonies reached 2% and
this increase may be due to the increase in the permeability
of the cell membrane and the increase in the absorption of
nutrients. These inorganic salts may increase the absorption



of some dissolved substances in the culture medium such as
glycine, proline, betaine, trehalose, which protect the internal
components of the bacterial cell (Rudolph et al., 1986).

Additives are compounds that improve the
effectiveness of the bioformulation and subsequently reduce
its used dose (Rodham et al., 1999; Santos et al., 2019).
Several reports indicated that when B. thuringiensis was used
as a biological control agent, effectiveness was increased by
mixing appropriate amounts of acids, salts, oils and
adjuvants (Ahmed et al., 1998; Chenzhu et al., 1997; Liu &
Tabashnik, 1997; Welland et al., 1997). The activity of B.
thuringiensis var. kurstaki was increased in vitro by adding
emulsified lipids, soluble proteins and several types of non-
toxic nitrogen compounds, inorganic salts, tannin, organic
acids and carbohydrates (EI-Moursy et al., 1993; Morris et
al., 1995; Salama et al., 1985). Tamai et al. (2002) confirmed
what previous researchers have stated that the quantities and
components of synthetic insecticide formulations, including
adjuvants, have an effect on the secondary work sites of
microorganisms as well as their ability to change the pH of
the medium.

Effectiveness of the fresh Belthirul® formulation on the
third instar larvae of the fig moth (E.cautella)

The results obtained (Table 2) indicated that there are
significant differences in the mortality rate (%) of the third
instar larvae of the fig moth E.cautella by the influence of
different concentrations of the fresh Beltirul® biocide. The
interaction between concentrations and storage periods
showed that the highest mortality rate was for the
concentration 1 g/L 9 days after treatment which reached
96.40%, whereas the lowest mortality rate was for the
concentration 0.063 g/L and reached 6.67%, 3 days after
treatment.

The average mortality rate due to the effect of exposure
periods showed an increase in the mortality rate over time,
and reached 24% three days after treatment and up to 59.26%
9 days after treatment. In addition, the results showed that
the mortality rate for the concentration 0.063 g/L was
15.09%, then it increased to reach 76.34% for the
concentration 1 g/L. Tarik & Al-Hadethy (2015) found the
highest mortality rate of first instar larvae of E. cautella was
96.9% at the concentration of 1.2x10° spores/ml for Bacillus
thuringiensis eight days after treatment. Whereas, Yildiz &
Sezen (2017) reported that Bacillus thuringiensis at a
dilution of 1.8x10° CFU/mL achieved a high mortality rate
of the third instar larvae of E. cautella.

Effectiveness of the expired Belthirul® formulation on the
third instar larvae of the fig moth (E. cautella)

Results obtained (Table 3) indicated that interaction
between expired Beltirul® concentrations and storage periods
gave highest mortality rate of the third instar larvae of fig
moth was for the concentrations of 1 g/L 9 days after
treatment, and reached 27.63%, whereas no mortality was
observed during the first three days at concentrations 0.063,
0.125 and 0.25 g /L. There was an increase in mortality rate
over time, as the average mortality rate three days after
treatment was 2.00%, and reached 16.81% 9 days after
treatment. The results showed that the mortality rate
increased with increasing concentration. The lowest average

mortality rate was at the concentration 0.063 g/L and reached
1.53%, then it increased to 19.21% at the concentration of 1
g/L. Results also showed that the expired bioformulation had
a decreased effectiveness by more than 60% compared to the
fresh bioformulation because of poor storage conditions
(Sorokulova et al., 2008).

Table 2. The corrected mortality rate (%) of the third instar
larvae of the fig moth E.cautella when using the fresh
Belthirul® formulation.

Concentration Exposure time (day) Average per

(g/L) 3 7 9 concentration
0.063 6.67i 17.20gh 21.40g 15.09 E
0.125 10.00ih 24.13gf 32.13 ef 22.08 D
0.25 16.67 gh 37.93d 64.23c¢ 39.61C
0.5 33.33ef 62.07cd 82.13Db 59.18 B
1.0 53.33d 79.30b 96.40a 76.34 A
Average of 2400C 44.13B 59.26 A

Exposure time

Values followed by the same lowercase letters in the same row or
the same upper-case letters in the same column or row are not
significantly different according to Duncan's multiple range test at
P=0.05.

Table 3. The corrected mortality rate (%) of the third instar
larvae of the fig moth E. cautella treated with the expired
Belthirul® formulation.

Concentration Exposure time (day) Average per

(g/L) 3 7 9 concentration
0.063 0.00c  000c 4.60 hc 153C
0.125 0.00¢c  333pbc 6.90hc 341C
0.25 0.00c  667bc 20.73a 9.13B

0.5 3.33bc 10.00b 2417a 12.50 B
1.0 6.67bc 73333 27632 19.21 A
Average of

Exposure time 200C 867B 16.81A

Values followed by the same lowercase letters in the same row or
the same upper-case letters in the same column or row are not
significantly different according to Duncan's multiple range test at
P=0.05.

The high temperature inside the warehouse also leads
to damage and destruction of the additives, especially the
adjuvants in the Belthirul® formulations, which results to
agglomeration of the powder and becomes less soluble in the
spray solution, and the product loses its viscosity properties
and absorption on the surfaces of the particles and
consequently the merging of solid particles of the active
ingredient and their falling off, sedimentation and separation
from the spray solution. Al-Tikriti (1998) indicated that there
were changes in the chemical and physical properties of the
adjuvants that added in pesticide formulations due to heat,
which leads to the irregular distribution of the active
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ingredient within the solution of the formulation, in addition
to the poor spread of the pesticide and its weak ability to wet
and penetrate, as mentioned by Moustafa et al. (2018), who
indicated that the type of formulation and its additives played
an important role in the stability of B. thuringiensis sub sp
Kurstaki formulations. Ignoffo et al. (1982 & 1983) reported
a significant decrease in the efficacy of aqueous suspensions
and wettable powders for B. thuringiensis var. israelensis
when stored at 50°C for 28 days. Ignoffo (1992) reported that
the half-life of the toxin (Cry and Cyt) of B. thuringiensis
was less than 10 days at a temperature above 50 °C and the
half-life of the dry spores of bacteria at 50 °C was more than
100 days.

Effectiveness of the bioformulation Beltirul® treated with
surfactant Neutrafol-PH on the third instar larvae of the
fig moth (E. cautella)

The results obtained (Table 4) indicated that there are
significant differences in the mortality rates of the third instar
larvae of the fig moth E. cautella when sprayed with
different concentrations of the bioformulation Beltirul®
treated with Neutrafol-PH surfactant. The interaction
between concentrations and storage periods showed that the
highest mortality rate (100%) was achieved at the
concentrations of 1 g/L 9 days after treatment, whereas the
lowest mortality rate was obtained at concentration of 0.063
g/L and reached 10.0% three days after treatment. There was
an increase in mortality rates with the increase in exposure
period. The average mortality rate three days after treatment
was 28.0%, and reached 63.8% nine days after treatment.
The results also showed that the mortality rate increased with
the concentration increase, as the highest average mortality
rate was 82.1% at concentration of 1 g/ L and the lowest rate
was 16.3% at concentration of 0.063 g/L.

Table 4. The corrected mortality rate (%) of the third instar
larvae of the fig moth E. cautella by the effect of
bioformulation Belthirul® treated with the surfactant
Neutrafol-PH.

Concentration Exposure time (day) Average per

(g/L) 3 7 9 concentration
0.063 1000 13830 2500gh  16.28E
0.125 13.33ij 3107fg 3927e¢f  27.89D
0.25 20.00ih 4143€ 7140¢ 4428 C
0.5 36.67ef 6553cd g360b  61.93B
1.0 60.00d 86-23b 10000a  8208A
Average of

Exposure time 28.00C 47.62B 63.85A

Values followed by the same lowercase letters in the same row or
the same upper-case letters in the same column or row are not
significantly different according to Duncan's multiple range test at
P=0.05.
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Efficacy of the bioformulation Belthirul® treated with
surfactant Inex on the third instar larvae of the fig moth
(E. cautella)

Results obtained (Table 5) indicated that there were
significant differences in the mortality rate of the third instar
larvae of the fig moth E.cautella by the influence of different
concentrations of the bioformulation Belthirul® treated with
the surfactant Inex. The interaction between concentrations
and storage periods showed that the highest mortality rate of
93.1% was obtained for the concentrations of 1 g/L nine days
after treatment, whereas the lowest mortality rate of 6.7%
was obtained for the concentration 0.063 g/L three days after
treatment.

The average mortality rate three days after treatment
reached 23.3%, whereas nine days after treatment it reached
57.3%. As for the averages of mortality percentages by the
effect of concentrations. The results also showed that the
average mortality rate increased by increasing the
concentration, and reached 74.4% at concentration 1 g/L,
whereas the average lowest rate at 0.063 g/L concentration
was 14.7%.

Surfactants, including adjuvants, increased the
effectiveness of pesticides. Shaaban and Al-Mallah (1993)
indicated that the adjuvants improved the characteristics of
the pesticide and increased its efficiency and effectiveness
against pests by 50%. These include emulsifier agents,
wetting and spreading agents, dispersing agents and sticking
agents. The adjuvants help to break the surface tension
between the pesticide solution and the surfaces of plants and
insects and increase the wettability, spread and penetration,
as well as their role in increasing the growth and
reproduction of bacteria B. thuringiensis var.kurstaki
(Ismail, 2017; Sarrafzadeh, 2012; Zhang et al., 2013).

Table 5. The corrected mortality rate (%) of the third instar
larvae of the fig moth E. cautella sprayed with biocide
Belthirul® treated with the surfactant Inex.

Concentration Exposure time (day) Average per

(g/L) 3 7 9 concentration
0.063 6.67f 1333ef 5417de  1472EF
0.125 10.00f 2666d 34534  23.73D
0.25 13.33ef 30.00d 5517 3283 C
0.5 33.33d 6333Cc 79133p 58.67 B
1.0 53.33¢c 76.67b 93133 7438 A
Average of

Exposure time 2333C 42.00B 57.27A

Values followed by the same lowercase letters in the same row or
the same upper-case letters in the same column or row are not
significantly different according to Duncan's multiple range test at
P=0.05.
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