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Abstract

Application of insecticides of synthetic nature in insect pest management programmes causes cancer, fetal deformities,
mutation, and neurological disorders in non-target animals as well as depletion of ozone layer. These insecticides cause
disturbances in food chains and changes pattern of food webs besides developing resistance in insects. These issues have
forced the researchers to explore plant volatiles chemicals as insecticides in insect pest management. This study involves
evaluation of two natural organic volatile chemicals viz., cinnamaldehyde and cuminaldehyde for its efficacy as insecticide for
Sitophilus zeamais management. Cinnamaldehyde and cuminaldehyde have also been tested for its effect on oviposition,
feeding potency and adult emergence of the insect. In fumigation toxicity assay, adults of S. zeamais were killed by the
vapours of cinnamaldehyde and cuminaldehyde and median lethal concentrations (LCsp) were 0.462 and 0.302 ul/cm?®; and
0.423 and 0.286 pl/cm?® air respectively for 24 and 48 hours exposure period. In contact toxicity assay, adults of S. zeamais
were killed when come in contact with median lethal concentrations (LCso) of 0.290 and 0.195 ul/cm?; and 0.287 and 0.187
ul/ecm? of area for cinnamaldehyde and cuminaldehyde when exposed for 24 and 48 hours respectively. Besides, reduction in
acetylcholine esterase activity, oviposition, feeding and adult emergence was reduced by cinnamaldehyde and cuminaldehyde
in S. zeamais. Therefore, cinnamaldehyde and cuminaldehyde can be used in designing cinnamaldehyde and cuminaldehyde
based formulation in the management of insect pest under storage.
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Introduction Cinnamaldehyde is a phenylpropanoid compounds with a
Stored grain insect pests cause huge economic loss characteristic cinnamon odour (Gutzeit, 2014) %2 (Fig. 1). It
worldwide annually by damaging quality and quantity of is a viscous liquid of pale yellow colour constituting 90% of
grains under storage. Various insecticides have been cinnamon bark oil (Kumar et al. 2012) B9 |t is used
synthesized, formulated and applied against a number of commercially in chewing gum, ice creams, candies and

insect pests in the past. But, continuous and unlimited
applications of these synthetic insecticides deplete ozone
layer (WMO, 1991; UNEP, 2000) 3+ . as well as cause
cancer, foetal deformities, mutations and neurological
disorders in non-target animal species. These insecticides
have developed various types of resistance in a variety of

beverages production to add flavour. It shows repellent and
lethal property against mosquito (Cheng et al. 2004; Ma et
al. 2014) [*5 361 |t shows antimicrobial effects in several
infectious bacterial and fungal species (Shen et al. 2015;
Shreaz et al. 2016; Vasconcelos et al. 2018) [*3 44561 |t also

insects (Lu, 1995) P51 These synthetic insecticides enter in shows anti-tumour and anti-inflammatory effects (Imai et al.
human food chain and cause unintentional death annually ~ 2002; Lee et al. 2004; Guo et al. 2006; Liao et al. 2012) &
(Alavanja and Bonner, 2012; EEA, 2013) [ 17] 26,32,331  Cuminaldehyde, a monoterpenoid is a constituent of
Organochlorines are the most persistant among these cumin volatile oils (Hajlaoui et al. 2010; Rihawy et al.
insecticides bioaccumulating in  honey bees, carps, 2014; Wei et al. 2015) 123 40581 (Fig. 1). Due to its pleasant
amphibious animals, aves and mammals (Kohler and frangrance, it finds commercial role in preparation of
Triebskorn, 2013; WHO, 2017) %59, Thus, researches have perfumes and cosmetics. It has promising antimicrobial
been searching natural plant based volatile molecules as activities against different strains of bacteria (Sekine et al.

substitute of synthetic insecticides in different insect pest 2007: Suleimana et al. 2009: Rasheehan et al. 2013; Khalil
management programmes. The volatile molecules are et al. 2018) [ 39 42 491 |t shows anti-inflammatory, anti-

manofatured in a variety of aromatic plants of diverse cancer and anti-mutagenic effects (Medzhitov, 2008; Shu-
families as metabolites for secondary function. A variety of . [37.45]

: . . meiang et al. 2016) 3741,
factors like plants parts taken for isolation, process of
isolation, plant age and genotype, month of year of o)
collection of plant material and soil nature determine the H3C @)
composition of these volatiles (Atti-Santos et al. 2004; X
Angioni et al. 2006; Verma et al. 2011) > 3 571 These H
volatile chemicals affect viability, feeding, fecundity and H3C H
development of a number on insects (Caballero-Gallardo et
al. 2011; Isman et al. 2011; Liu et al. 2011; Stefanazzi et al.

2011; Chaubey, 2012a,b,c; Chaubey and Kumar, 2021) [ 6 Fig 1: Structure of cinnamaldehyde and cuminaldehyde
7,12,13, 27, 34, 48].

Cinnamaldehyde Cuminaldehyde

42



International Journal of Entomology Research

Maize weevil, Sitophilus zeamais, a beetle (order:
Coleoptera, family: Curculionidae) is a serious primary pest
which infests previously undamaged grains. It is a
polyphagus insect and both male and female adults infest
intact grains of barley, maize, oats, rice, rye, wheat etc.,
consume whole grains and the larvae develop in grain kernel
cryptically (lleleji et al. 2007; Demissie et al. 2008) [6 23]
(Fig. 2). This weevil is found in those regions of the globe
where human food contains maize in large. In the present
study, different biological assays have been performed to
evaluate efficacy of cinnamaldehyde and cuminaldehyde as
insecticidal tool against against S. zeamais.

Fig 2: Adult of Sitophilus zeamais

Materials and methods

Compounds

Pure compounds viz. cinnamaldehyde (3-phenylprop-2-
enal) and cuminaldehyde (4-Isopropylbenzaldehyde) were
purchased from Sigma Chemical Company, USA.

Insects

Laboratory culture of different phases of S. zeamais was
maintained on maize at temperature range 28+4°C, relative
humidity 50+5% and photoperiod 10:14h (Light:Dark).
Insects from laboratory culture were used for different and
biological assays.

Repellent activity

Repellent activity of cinnamaldehyde and cuminaldehyde
was accessed using method developed by Tripathi et al.
(2000) B8, In this method, cinnamaldehyde and
cuminaldehyde was dissolved in acetone to prepare
experimental solution. Two equal halves of a filter paper
disc were made by cutting and one half of the filter paper
disc was impregnated with experimental solution and
considered as treated, while other half of the filter paper disc
was treated with acetone only and considered as control.
Treated and control halves were dried in air to evaporate
acetone completely and reattached using cellophane tape.
Now, processed filter paper disc containing half treated and
other half control portion was taken in petri dish (diameter
8.5 cm and height 1.2 cm) and adults of S. zeamais were
introduced at the centre. Now petri disd was covered and
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kept in dark. After four hours of initiation of the assay,
numbers of adults in treated and control filter paper half was
recorded to calculate percent repellency (PR) and preference
index (PI). In this assay, four different concentrations of
each chemical were taken and six replications were set for
each concentration of chemical. Percent repellency and
preference index was estimated by calculated using the
following relationships:

Percent repellency (PR) = [(C-T)/(C+T)] x100

Where,
C = number of insects in the untreated halves
T = number of insect in treated halves.

Preference Index (P1) = (Nt-Nut)/ (Nt+Nur)

Where, Nt = % insects in treated halves
Nut = % insects in untreated halves.

Fumigant toxicity

In  fumigant toxicity assay, cinnamaldehyde and
cuminaldehyde were dissolved in acetone to make
experimental solutions. A whatmann’s filter paper strip of 2
cm diameter was treated with experimental solution, air
dried to evaporate solvent and pasted on undersurface of
petri dish. Now, ten adults of S. zeamais and maize grains
were taken in petri dish (diameter 8.5 cm and height 1.2
cm), covered with cover contain treated filter paper strip,
sealed with parafilm and kept in conditions maintained for
laboratory culture in dark. All the experimental conditions
were similar to that applied for insect culture. After 24 and
48 hours of exposure period, number of insects dead was
counted (Chaubey, 2012¢) [,

Contact toxicity

In  contact toxicity assay, cinnamaldehyde and
cuminaldehyde were dissolved in acetone to make
experimental solutions. Poured experimental solution in
petri dish (diameter 8.5 cm and height 1.2 cm), evaporated
the acetone completely, released S. zeamais adults in petri
dish and kept in dark. All the experimental conditions were
similar to that applied for insect culture. After 24 and 48
hours of exposure period, number of insects dead was
counted (Chaubey, 2012b) (61,

Acetylcholine esterase activity

Acetylcholine esterase activity was measured using method
of Ellman et al. (1961) (8. Adults of S. zeamais were
fumigated with two sub-lethal concentrations of
cinnamaldehyde and cuminaldehyde for 24 hours as was
done in fumigant toxicity assay (Chaubey 2012a) 12, The
survived adults were collected, homogenized in buffer
(50mM, pH8) and centrifuged for 30 minutes at 1000 rpm.
The supernatant was collected and used as enzyme source.
Now, in 0.1 ml of enzyme source, 0.1 ml of the substrate,
acetylcholine iodide (ATChl) (0.5mM), 0.05 ml of 5,5-
dithiobis 2-nitrobenzoic acid (DTNB) (0.33mM) and 1.45
ml of phosphate buffer (50mM, pH 8.0) were added and
incubated at 25°C for 3 min. Enzyme activity was measured
by determining changes in the absorbency at 412 nm and
expressed in terms of pumole of ‘SH’ hydrolyzed/min mg
protein.
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Oviposition inhibition

In oviposition inhibition assay, five pairs of S. zeamais
adults were fumigated with two sub-lethal concentrations
viz. 40 and 80% of 24h-LCseof cinnamaldehyde and
cuminaldehyde as was done in fumigant toxicity assay.
After 24 hours of initiation of treatment, adults were reared
in conditions used for insect culture for 10 days. After
completion of fumigation, adults were removed, and newly
emerged adults were counted till 45" day. For each
concentration of compound as well as control group, six
replications were set. Efficacy of tested volatile compounds
was estimated in terms of percent oviposition deterrence
using Vanmathi et al. (2012) 55 method.

Percent oviposition deterrence (POD) = [(Ec-Er)/Ec] %10

Where,
Ec = number of adults emerged in control
Et = number of adults emerged in test

Developmental inhibition

In this assay, five pairs of S. zeamais adults were taken
along with maize grains in plastic box, and allowed to
copulation and oviposition. Now, freshly laid eggs and
emerged larvae were fumigated with cinnamaldehyde and
cuminaldehyde till the emergence of adults. Six replications
were set for treated as well as control group. Inhibition rate
(IR) was measured by counting the number of adults
emerged in treated as well as control groups using the
formula developed ny Tapondju et al. (2002) 59,

Inhibition rate (IR) = [(Cn-Tn)/Cn] x100

Where,
Cn = number of adults emerged in control

www.entomologyjournals.com
Tn = number of adults emerged in test

Antifeedant Activity

In this assay, a suspension of maize flour was made by
mixed it with water. Now, the suspension of maize flour
was pipetted out onto a plastic sheet, develop the
suspensions as discs by drying then at 25°C for 1 day and
then at 60° C for one hour. The dried flour discs were
weighed after soaking cinnamaldehyde and cuminaldehyde.
These flour discs were then placed in petri dish and released
twenty five S. zeamais adults. The adult insects were
allowed to feed for four days. After that, reweighed flour
discs to estimate antifeedant activity cinnamaldehyde and
cuminaldehyde. Antifeedant activity (AFA) was calculated
by using formula developed by Sithisut et al. (2011) 6,

AFA = [C-T/C] x 100

Where, C = consumption of flour disc in control group
T = consumption of flour disc in treated group

Statistical analysis

POLO programme was used median lethal concentration
(LCso) (Russel et al. 1977) 1, To test the significancy of
the data, analysis of variance (ANOVA), correlation and
regression was perfomed (Sokal and Rohlf, 1973) [*7],

Results

Repellent activity

Both cinnamaldehyde and cuminaldehyde repelled S.
zeamais adults maximally at 0.8% concentrations. Increase
in the concentrations of cinnamaldehyde and cuminaldehyde
enhanced percent repellency (PR) and preference index (PI)
(Tablel).

Table 1: Repellent activity of cinnamaldehyde and cuminaldehyde against S. zeamais adults

Compound Concentration (%) Percent Repellency (PR)* Mean+SD Preference Index (P1)**
0.1 19.17 -0.19
. 0.2 44.17 -0.44
Cinnamaldehyde 04 75.82 -0.75
0.8 98.32 -0.98
0.1 16.67 -0.16
) 0.2 38.32 -0.38
Cuminaldehyde 04 66.67 -0.66
0.8 92.92 -0.92

*Percent repellency (PR) was calculated using formula: PR = [(C-T)/(C+T)] x100, C = number of insects in the untreated halves and T =
number of insect in treated halves; **Preference index (PI) was calculated using formula: Pl = (percentage of insects in treated halves -
percentage of insects in untreated halves)/ (percentage of insects in treated halves + percentage of insects in untreated halves). PI value
between -1.0 to -0.1 indicates repellant, -0.1 to +0.1 neutral and +0.1 to +1.0 attractant

Fumigant toxicity

In  fumigant toxicity assay, cinnamaldehyde and
cuminaldehyde caused lethality in adults of S. zeamais. For
cinnamaldehyde, LCso values recorded were 0.462 and

0.302 ul/cm®; while for cuminaldehyde, LCso values
recorded were 0.423 and 0.286 pl/cm® air when exposed for
24 and 48 hours respectively (Table 2). Mortality in insects
was concentration-dependent.

Table 2: Fumigant and contact toxicity of cinnamaldehyde and cuminaldehyde against S. zeamais adults

Compound Toxicity E;fi)ggu(;e) LCso* | LCL-UCL™ | g-value [Heterogeneity| t-ratio Rég;gi?é%n & %;frﬁ:li‘: tr'](t)ﬂ*

Fumigant 24 0.462 | 0.412-0.512 | 0.26 0.35 398 |Y =-7.95+552X 0.99

toxicity 48 0.302 | 0.279-0.325 | 0.23 0.32 4.23 | Y =5.29+7.42X 0.98

Cinnamaldehyde| Contact 24 0.290 | 0.272-0.308 | 0.25 0.36 433 |Y =-9.04+2.96X 0.98
toxicity 48 0.195| 0.182-0.218 | 0.26 0.38 391 | Y =4.68+6.74X 0.97

Fumigant 24 0.423 | 0.364-0.482 | 0.24 0.32 3.67 | Y =-549+6.74X 0.98

toxicity 48 0.286 | 0.269-0.297 | 0.28 0.36 442 | Y =3.76+5.21X 0.98

Cuminaldehyde | Contact 24 0.283 | 0.271-0.295 | 0.25 0.37 427 |Y =-6.97+4.97X 0.98
toxicity 48 0.187 | 0.176-0.198 | 0.29 0.34 3.64 | Y =5.70+5.74X 0.99

*ulem for fumigant toxicity and plcm for contact toxicity; **LCL and UCL= Lower confidence limit and Upper confidence limit;

Significant at P<0.05 (df = 4, 25)
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Contact toxicity

S. zeamais adults were killed when come in contact with
cinnamaldehyde and cuminaldehyde. For cinnamaldehyde,
LCso values recorded were 0.290 and 0.195 pl/cm?; while
for cuminaldehyde, LCso values recorded were and 0.283
and 0.187 pl/cm? area when insect adults were exposed for
24 and 48 hours respectively (Table 2). Mortality in insects
was concentration-dependent.

www.entomologyjournals.com

Acetycholine esterase activity

Fumigation of S. zeamais adults with cinnamaldehyde and
cuminaldehyde inhibited acetylcholine esterase activity.
Activity of acetylcholine esterase in adult insect was
reduced to 70.23 and 55.50%; and 77.01 and 53.49% of
control group activity when fumigated with 40 and 80% of
24h-LCsy of cinnamaldehyde and cuminaldehyde
respectively  (For cinnamaldehyde, F=156.36; For
cuminaldehyde, F = 141.91; P<0.05; Table 3).

Table 3. Effect of cinnamaldehyde and cuminaldehyde on acetylcholine esterase activity in S. zeamais

Compound Concentration Enzyme activity* (Mean+SD) F-value
Control 0.0944+0.0021(100)
. 40% of 24h-L Cso 0.0663%0.00019(70.23) -
Cinnamaldehyde 80% of 24h-LCso 0.0524+0.0014(55.50) 156.36
Control 0.0944+0.0021(100)
. 40% of 24h-L Cso 0.0727+0.0018(77.01) -
Cuminaldehyde 80% of 24h-LCso 0.050£0.0013(53.49) 14.91

Values in parentheses indicate per cent change with respect to control taken as 100%; *mmol of ‘SH’ hydrolysed min-‘mg™ protein;

**Significant at P<0.05 (df = 2,15)

Oviposition inhibition

Cinnamaldehyde and cuminaldehyde reduced oviposition
capacity of S. zeamais adults when fumigated (Table 4).
Oviposition in S. zeamais adults was reduced t079.66 and

65.64%, and 78.78 and 59.17% of the control when
fumigated with 40 and 80% of 24h-LCs of cinnamaldehyde
and cuminaldehyde respectively (For cinnamaldehyde, F =
21.86; For cuminaldehyde, F = 40.06; P<0.05; Table 4).

Table 4: Oviposition inhibitory activities of cinnamaldehyde and cuminaldehyde in S. zeamais

Compound Conc. No. of progeny emerged (Mean+SD) POD" F-value
Control 92.66+3.03 (100%) -
Cinnamaldehyde 40% of 24h-LCso 73.50+2.23 (79.32) 21.68 21.86™
80% of 24h-L.Cso 59.67+2.23 (65.64) 34.36
Control 92.66+3.03 (100%) -
Cuminaldehyde 40% of 24h-LCso 73.00+2.09 (78.78) 21.22 40.06™
80% of 24h-L Csp 54.83+1.96 (59.17) 40.83

Values in parentheses indicate per cent change with respect to control taken as 100%; *Percent oviposition deterrence (POD) = [(Ec-Et)/Ec]
x100; Ec = number of adults emerged in control and Et = number of adults emerged in test; **Significant at P<0.05 (df = 2,15)

Developmental inhibition

Both cinnamaldehyde and cuminaldehyde reduced S.
zeamais adult emergence when eggs and juveniles of S.
zeamais were when fumigated with cinnamaldehyde and
cuminaldehyde. Progeny emergence was 80.69, 58.59 and

43.05%; and 82.82, 55.22 and 41.31% of the control when
fumigated with 0.2, 0.4 and 0.6 plem™ of cinnamaldehyde
and cuminaldehyde respectively (Table 5). (For
cinnalmaldehyde, F = 47.15; for cuminaldehyde, F = 59.48;
P<0.05; Table 5).

Table 5: Effect of cinnamaldehyde and cuminaldehyde on development of S. zeamais

Compound Conc. No. of adults emerged (Mean+SD) IR* F-value (df=3,20)
Control 86.33+5.05 (100) -
. 0.2 plem™ 69.663.02 (80.69) 19.31 -
Cinnamaldehyde 0.4 plem™ 50.33+2.03 (58.59) 4141 4715
0.6 plem™ 37.16+1.36 (43.05) 56.95
Control 86.3315.05 (100) -
. 0.2 plem® 71.50+3.15 (82.82) 17.18 -
Cuminaldehyde 0.4 plem™ 47.66+2.09 (55.22) 44.78 59.48
0.6 plem’3 35.66+1.67 (41.31) 58.69

Values in parentheses indicate per cent change with respect to control taken as 100%; *Inhibition rate (IR) = [(Cn-Tn)/Cn] %100, Cn =

number of adults emerged in control and Tn = number of adults emerged in test; **Significant at P<0.05 (df = 3,20)

Antifeedant activity

Feeding in S. zeamais adults was reduced by
cinnamaldehyde and cuminaldehyde (Table 6). When S.
zeamais adults were exposed to 40 and 80% of 96h-LCsg of
cinnamaldehyde and cuminaldehyde, feeding was reduced

to 54.70 and 29.05%, and 47.71 and 22.29% respectively.
Redunction in feeding was significant and concentration-
dependent (For cinnamaldehyde, F = 122.86; for
cuminaldehyde, F = 170.87; P<0.05; Table 6).
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Table 6: Antifeedant activity of cinnamaldehyde and cuminaldehyde against S. zeamais

Concentration Cinnamaldehyde Cuminaldehyde
Consumption of flour disc (mg) (Mean£SD) | AFA* | Consumption of flour disc (mg) (Mean+SD) | AFA*
Control 10.84+0.17 (100) - 10.84+0.17 (100) -
40% of 96h-LCso 5.93+0.21 (54.70) 45.30 4.63+0.16 (47.71) 57.28
3.15+0.12 (29.05) 70.95 2.64+0.14 (22.29) 77.71
0, -
80% of 96h-LCso E = 122.86** F=170.87**

Values in parentheses indicate per cent change with respect to control taken as 100%; *Antifeedant activity was calculated using formula:
AFA = [C-T/C] x 100; Where, C = consumption of flour disc in control group, and T = consumption of flour disc in treated group. Six
replicates were set for each concentration of volatile chemical and control; **Significant at P<0.05 (df = 2, 15)

Discussion

Several plant volatile oils and its constituents have been
evaluated for their insecticidal properties against insect pests
of stored grains (Chaubey, 2012a, b, c; Chaubey, 2013) [6.7:
8 121, These volatile chemicals act as oviposition, feeding
and developmental inhibitors in a variety of coleopteran
insects besides causing lethality in them. Mortality in insects
has been reported due to inhibition in acetylcholine esterase
enzyme activity (Chaubey, 2017a, b) [* 1%, Several essential
oils and its volatile compounds have been reported to
exhibit repellent, lethal and affect oviposition behaviour,
developmental processes in a variety of insects including
maize weevil, S. zeamais (Ogendo et al. 2008, lleleji et al.
2007; Chaubey, 2017a; Chaubey, 2022; Chaubey and
Kumar, 2022) [9 11, 14,25, 38]

In this study, repellent and insecticidal properties of
cinnamaldehyde and cuminaldehyde have been evaluated in
S. zeamais. Both volatile compounds are found to show
repellent activity against S. zeamais adults. These two
volatile compounds inhibit acetylcholine esterase activity
causing acute toxicity in S. zeamais adults which indicates
that volatile chemical act on nervous system of the insects.
Several other plant volatile oils and its volatile chemicals for
their acute toxicity in insects by reducing activity of
acetylcholine esterase enzyme (Chaubey, 2012a; Chaubey,
2017a, b) [6:9.10.22 The rapid mode of actions of the volatile
compounds shows non-persistence nature which depends on
nature and chemical properties of functional groups present
(Kumbhar and Dewang, 2001) . Some of the volatile oils
and monoterpenoids interfere with functioning of gated ion
channels (Enan, 2005; Tong and Coats, 2012) 1% 54, Any
interference in gating property of ion channels collapses the
nervous co-ordination in insects (Hollingworth et al. 1984)
241 Some of the volatile chemicals breakdown the structural
integrity of cell wall and cell membrane causing leakage and
release of cellular content (Tian et al. 2012; Bajpai et al.
2013) 454,

Cinnamaldehyde and cuminaldehyde reduce oviposition and
adult emergence in S. zeamais. This may probably be due to
interference in communication between the two sexes and
disruption in copulation processes in adults. These two
volatile compounds reduce adult emergence probably by
causing death egg or larvae due to disturbances in metabolic
pathways or hormonal disorders. Similar to other volatile
oils and its constituents, both cinnamaldehyde and
cuminaldehyde reduce feeding which may be due to
repellent property (Chaubey, 2013; Chaubey and Kumar,
2021, 2022) 8 11,13, 14]

Further studies should also been carried out to study the
antagonistic as well as synergistic relationship among oil’s
constituents (Fields et al. 2010) %, The insecticidal role of
the volatile chemicals must be for target insects only but not
for beneficial insects. Human health as well as
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environmental issues must also be addressed in developing
formulation involving natural volatile organic chemicals of
plant origin.

Conclusions

This study concludes that cinnamaldehyde and
cuminaldehyde work at different levels like oviposition,
development and feeding of insects. This is helpful in
reducing chances of resistance development in insects.
Cinnamaldehyde and cuminaldehyde sources are commonly
used in human food, accidental consumption of these will
not cause harm. Thus, for the purpose of insect pests
management of grains under storage, cinnamaldehyde and
cuminaldehyde can play significant role.
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