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A B S T R A C T

The house fly, Musca domestica L. (Diptera: Muscidae), is a major pest of all aspects of life, like the domestic, 
medical and veterinary and causal agent of several pathogenic diseases. The present study was conducted to 
evaluate the potential of different insecticide-free baits against house fly by incorporating flower methanol 
extract of Helianthus annuus (sunflower) and Tegetes erecta (marigold) at 10%, 20% and 30% bait formulation of 
corn syrup, dried milk and water. However, imidacloprid and thiacloprid (each at 5% concentration) were also 
included in the study for comparison. Results showed that insecticide baits were superior in causing mortality of 
adult house fly but dependent upon syrup. Overall, 20% baits of both extracts caused more than half population 
death of house fly within 48h. On the other hand, the mortality rate by 30% baits (from sunflower and marigold) 
had a similar impact as observed in case of imidacloprid and thiacloprid baits. Therefore, biological baits could 
play a more active and safer role in the management of house fly as compared to synthetic insecticides.
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Introduction

Insecticides resistance in the house fly, Musca domestica L. (Muscidae: 
Diptera), is a global issue and hinders successful control of the pest 
(Levchenko et al., 2018; Meisel and Scott, 2018). Various food sources 
are available for house fly in different habitats (Hung et al., 2015). Baits 
are the best option in these diverse environments for attraction. Various 
plant extracts have been tested in bait formulation against house fly 
management, though results are encouraging. Plant extracts and volatile 
oils were not comparable with insecticides (Kamel et al., 2019). Repellent 
and toxic actions of these extracts have been reported against house 
flies (Attaullah et al., 2019; Baana et al., 2018). Sunflower (Helianthus 
annuus) leaf surfaces and anthers produce secondary compounds 
(Prasifka et al., 2015) that are secreted into glandular trichomes, may 
offer defense against herbivorous insects [reviewed in (Aartsma et al., 
2017; Hussain et al., 2019)]. Insecticidal properties of aerial and floral 
parts of Marigold (Tegetes spp.) have also been reported [reviewed in 
(Walia et al., 2017)], and it is deterrent to insect pests (Ali et al., 2016; 
Diabate et al., 2019).

Sugar is phagostimulant for house flies, however, with development 
of taste aversion-related behavioral resistance in house fly (Burgess and 
King, 2017), high caloric sweeteners have been suggested for inclusion 
in baits against house fly (Fisher et al., 2017). Corn syrup is another 
alternative to replace low caloric sugar (Bernklau et al., 2018), and its 
phagostimulant property is not well established. Studies with other 
sugary materials have demonstrated differences in effectiveness in baits, 
like solutions of molasses that were more attractive to house flies than 
honey, maple syrup, or jaggery (date palm sugar) (Geden et al., 2009).

Keeping in view the properties of sunflower and marigold leaf 
toxic compounds, and high fructose corn syrup, the present work was 
focused to assess the impact of plant extract incorporated baits against 
field populations of the house fly.

Materials and Methods

House fly collection and rearing

The present study was conducted in the Toxicology Laboratory, 
Department of Entomology, University of Agriculture, Faisalabad, 
Pakistan (2018-2019). Adult house flies were collected from various 
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sources, like dairy, poultry farms and chicken shops, and were kept in 
rearing cages provided with the wheat bran, milk powder and brewers’ 
yeast mixture in a diet (Ahmed et al., 2005) for mass rearing.

Bait preparation

Three types of corn-glucose syrups (directly taken from Maize 
processing Mills, and their sweetness was performed through 
Refractometer on the basis of Brix) were obtained from Rafhan Maize 
Products Ltd. Faisalabad, used in the baits (Table 1). Fully bloomed 
flowers of marigold (Tagetes erecta) and sunflower (Helianthus annuus) 
were plucked from mature plants, dried under shade, ground to a 
powder form and sieved through 60 mesh. Powder of each flower was 
mixed with methanol (80%) in 1:2 ratio in glass bottles, which were 
thoroughly shaken on a rotary shaker. The mixture was then filtered 
through Whatman Filter (No. 42) and the solvent was evaporated in 
Soxhlet apparatus (Shangai Heqi Glassware Co., Ltd.). The final solid 
material was dissolved in methanol (Fisher Scientific UK) and stored in 
brown-colored bottles. A partially pure mixture of each flower extract 

was diluted with bait formula (syrup + dry milk powder + plant extract) 
to make final concentrations of 10%, 20% and 30%. Since corn syrup 
resists granulation after making baits of flower extract, the mixture 
was spread on a tray, and stainless steel wire gauze was laid over 
mixture which was allowed to solidify in an oven running at 100 °C. 
The resultant solids were then used as bait. In the case of insecticides, 
the final concentration was 0.5%.

Bioassay

A total of 50 house flies were released in the plastic jars with the 
prepared baits at the bottom, and the mouth of jars was covered with 
the muslin cloth for proper aeration and to prevent fly escape. Along 
with bait, sugar feed (total weight 12 g) was also placed in jars. Jars were 
kept under the room temperature and relative humidity. Mortality of 
house flies was recorded in the jars for 6h, 12h, 24h and 48h. However, 
results of 48h in the form of cumulative mortality have been presented.

Statistical analysis

All of the treatments (two extracts and their three concentrations 
and one control; two insecticides at one concentration) were arranged 
in Completely Randomized Design in five replications. Mortality data 
were subjected to full factorial ANOVA, and means were compared with 
Tukey’s HSD test to find out difference among flower and insecticide 
concentration, time, syrups and their interactions.

Results

ANOVA (Table 2) showed that interaction between time and treatment 
and treatment and syrups were significant (P≤0.05), whereas three-way 
interaction among time, treatments and syrups was non‑significant 
(P≥0.05).

Mean percent mortality of house fly exposed to flower extracts 
and insecticides in corn syrups after 48h is shown in Table 3. Corn 
syrup bait with insecticides had the highest mortality in syrup A as 
compared to the other two syrups. Plant extracts had lower mortality 
than insecticides and were significantly different from insecticide 
treatments. However, plant extract at the highest concentration (30%) 
caused more than 50% mortalities in 48h, and this trend had gradually 
increased for both plant extracts (Table 3).

Mortality by sunflower-extract vs synthetic insecticides

The overall highest mortality was reached up to 68.00 ± 2.80% in 
syrup-A-bait by sunflower-extract (30%), followed by syrup-C-bait 
with 63.60 ± 0.40% mortality of house fly, and least mortality was 

Table 1 
Formulations of plant extracts / insecticides.

Extract/ Insecticide Syrup bait group Concentration (%)

Marigold A 10

20

30

B 10

20

30

C 10

20

30

Sunflower A 10

20

30

B 10

20

30

C 10

20

30

Imidacloprid A 0.5

B

C

Thiacloprid A 0.5

B

C

A; B = (Sweet and sticky), C = (Sticky).

Table 2 
Analysis of Variance for mortality in different tests.

Source df SegSS Adj MS F P

Time (A) 3 34147.8 11382.6 184.3 <0.01

Treatments (B) 7 64272.1 9181.7 148.6 <0.01

Syrups (C) 2 5387.8 2693.9 43.61 <0.01

A×B 21 6606.6 314.6 5.09 <0.01

A×C 6 4155.5 692.6 51.21 0.14

B×C 14 1235.8 88.3 1.43 <0.01

A×B×C 42 2042.8 48.6 10.79 0.82

Error 384 23720.6 61.8

Total 479 141568.9

S = 7.85954 R-Sq = 83.24% R-Sq(adj) = 79.10%.
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observed from syrup-B-bait. On the other hand, imidacloprid caused 
maximum mortality up to 78.40 ± 1.81% in syrup-A-bait, while least 
mortality (65.52 ± 1.63%) from synthetic insecticides was observed by 
thiacloprid in syrup-B-bait. Overall, a significant mortality variation 
was observed between plant extracts and synthetic insecticides as well 
as among different syrup baits (Table 3).

Mortality by marigold-extract vs synthetic insecticides

The same trend of mortality was noted by marigold-extract and 
synthetic insecticides. Highest mortality by plant extract was 69.2 ± 2.7% 
in syrup-A-bait (30%) whereas least mortality by plant extract was 
recorded up to 62.3 ± 1.5% from syrup-B-bait. As compared to plant 
extract, the mortality rate was higher by synthetic insecticides in all 
types of syrup baits. However, mortality variation had a significant 
range between plant extract and synthetic insecticides as well as among 
different syrup baits (Table 3).

Discussion

The present work compared plant extracts with insecticide baits 
(imidacloprid and thiacloprid) and showed insecticides being the 
most effective. However, the development of insecticide resistance 
(Levchenko et al., 2018) and safety of the insecticide baits in a habitat 
(like kitchen/livestock sheds) highlights the need for an alternative to 
these insecticides. It is the first development to assess the potential 
of plant extract-formulated baits, containing syrup to lure house flies. 
All baits of synthetic insecticides and 30% extract revealed high mortality 
of house flies (>60%-70%) within 48h exposure. Overall, mortality 
observations of all treatments were more attractive to manage house 
flies. However, sweet and sticky baits of all formulations were more 
effective as compared to sweet less bait.

Efficacy of plant extracts as adulticide for the management of 
house flies has been established (Attaullah et al., 2019; Chauhan et al., 
2018). Sugar contents are attractive to insects, and play a vital role in 
the success of a bait. Sugar cane, for example, is a general ingredient in 
the baits for house flies (Burgess and King, 2016). However, commercial 
baits have no equal ability to attract and trap house flies effectively 
(Hamid et al., 2016). Brown sugar and palm sugar (less in fructose) 
were ingredients in some formulations which had varied catches of 
house flies individually (Zahn et al., 2019).

The syrup-based results of current work are in accordance with 
the findings of Zhang et al. (2010) who reported that sucrose had the 
most potent stimulatory effect on the feeding of Helicoverpa armigera. 
Similarly, Wada-Katsumata et al. (2011) also shed light on the vital 
importance of the glucose as an attractant for wild-type cockroaches, 

but it adequately deterred feeding in a glucose-averse strain. Moreover, 
Seraydar and Kaufman (2015) demonstrated the evolution of consumption 
irritancy- or taste aversion-related behavioral resistance in the house 
fly, which was proved in another study (Burgess and King, 2016) where 
repeated exposure to sucrose-based bait resulted in the evolution 
of sucrose-feeding avoidance. Though high caloric sugar (sucrose) 
increases survival and longevity of house flies (Fisher et al., 2017), but 
caloric equivalence can be obtained from corn syrup to avoid aversion 
from sucrose.

On the other hand, plant extract-based results of this study have 
the same trend to the previous studies against house flies, especially 
with respect to exposure time and extract concentration. Attaullah et al. 
(2019) revealed that the effectiveness of plant extracts had increased 
with the increment of time as well as concentration. The mortality 
rate was reached up to two-third of the population within three days 
at the maximum concentration of Penganum harmala.

Imidacloprid and thiacloprid are neonicotinyl insecticides and 
are reported to be toxic to mosquito vectors, house fly and horse 
fly. Unfortunately, neonicotinyl insecticides have been implicated in 
colony disorder of honeybees and are not recommended for baits. 
Recent report in Pakistan by Abbas  et  al. (2015) also showed no 
resistance of house flies to imidacloprid at recommended field dose. 
Thus, plant extracts have a good potential to be developed into an 
effective, all‑around, natural larvicidal, pupicidal and oviposition 
deterrent agent for completely controlling house fly population, 
especially at their breeding and oviposition sites. Most importantly, 
being much safer to humans and biodegradable in the environment 
much than neonicotinyl, extracts can disrupt all stages of house fly 
life cycle and effectively reduce the whole of its population, hence 
they can help reduce all serious diseases vectored by house flies to 
human beings.

Conclusion

Plants extracts have significant potential to control house fly 
populations in different formulations of syrup baits. A concentrated plant 
extract could cause the highest mortality up to the impact of synthetic 
insecticides. Moreover, high fructose corn syrup could be alternative 
under these circumstances, and its effectiveness in the present study 
was evidenced owing to house flies feeding on corn syrup bait in the 
presence of insecticide/plant extract free sucrose.
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Table 3 
Comparison of mean percent mortality (±SE) of housefly exposed to flower extracts and insecticides in corn syrups after 48h.

Insecticide / plant extract Kinds of Syrups

(%) Syrup A Syrup B Syrup C

Imidacloprid 0.5 78.4±1.8a 67.7±1.7c 70.1±2.3 bc

Thiacloprid 0.5 77.7±2.0ab 65.5±1.6cd 67.9±2.5c

Sunflower 10 45.7±4.7ijk 35.4±2.6l 39.4±2.9kl

Sunflower 20 55.1±3.3c-h 46.9±1.9h-k 50.3±2.6g-j

Sunflower 30 68.0±2.8c 57.4±1.7d-g 63.6±0.4cde

Marigold 10 43.6±3.5jkl 39.3±2.0 kl 43.4±5.4 jkl

Marigold 20 54.3±3.4f-i 52.0±1.3g-j 54.9±2.2e-h

Marigold 30 69.2±2.7bc 62.3±1.5c-f 65.6±2.3cd

Values are mean ± SE. Means with same letters in rows and columns are not significantly different from other at α <0.05.
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