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ABSTRACT 
Mosquito-borne diseases continue to pose a significant global health challenge, highlighting the need for sustainable and cost-
effective control strategies. Conventional methods relying on chemical insecticides often result in environmental hazards and 
the development of resistance in mosquito populations. This study evaluates the efficacy of a yeast-sugar fermentation system 
as a natural carbon dioxide (CO₂) source to enhance mosquito trap performance. Field experiments were conducted in 
Gwalior, India, using commercially available Terminator-II traps across three seasons (winter, summer, and rainy season) 
during 2024-2025. The experimental traps were baited with a yeast-sugar solution, while control traps contained only water. 
The fermentation process generated CO₂, mimicking human respiration and attracting host-seeking mosquitoes. Results 
demonstrated that yeast-baited traps captured a significantly higher proportion of mosquitoes (67%) compared to control traps 
(33%), with a total of 2,094 and 1,017 mosquitoes collected, respectively. The dominant species identified was Culex 
quinquefasciatus, followed by other medically important species such as Aedes aegypti. The yeast–sugar solution remained 
effective for up to 23 days under field conditions. These findings suggest that yeast-based CO₂ generation is an efficient, eco-
friendly, and affordable approach for improving mosquito trapping systems, particularly in resource-limited settings. 
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INTRODUCTION 
Mosquitoes are among the most important arthropod 
vectors of human diseases, transmitting pathogens 
responsible for malaria, dengue, Zika virus, chikungunya, 
filariasis, and Japanese encephalitis, particularly in 
tropical and subtropical regions (Deichstetter, 2017; 
Nebbak et al., 2022; Xiong et al., 2025). These diseases 
continue to pose serious public health challenges 
worldwide, especially in developing countries where 
environmental conditions favor mosquito breeding and 
survival. Therefore, effective vector control remains 
essential for reducing disease transmission and associated 
health burdens (Wilson et al., 2020). 

Conventional mosquito control strategies primarily rely on 
chemical insecticides such as organophosphates and 
pyrethroids. Although these chemicals are effective, their 
prolonged use has led to environmental contamination, 
toxicity to non-target organisms, and the development of 
insecticide resistance in mosquito populations (Wilson et 
al., 2020). These limitations highlight the urgent need for 
eco-friendly and sustainable alternatives for mosquito 
control. 

Mosquito host-seeking behavior is largely governed by 
olfactory cues, among which carbon dioxide (CO₂) plays 
a critical role as a long-range attractant (Cardé & Gibson, 
2010; Barredo et al., 2022). CO₂ enhances mosquito 
responsiveness to other host-associated cues such as body 
odors, heat, and moisture (Coutinho-Abreu et al., 2021; 
Mathew et al., 2013). Due to its importance, CO₂ is widely 
used in mosquito traps to improve their efficiency (Jawara 
et al., 2011; Hoel et al., 2015). However, conventional 
CO₂ sources such as dry ice, compressed gas cylinders, 
and propane-based systems are expensive and often 
impractical for routine use, particularly in resource-
limited settings (Smallegange et al., 2010; Mweresa et al., 
2014). 

In recent years, fermentation-based systems using yeast 
and sugar have emerged as a simple, low-cost, and 
sustainable method for generating CO₂ (Smallegange et 
al., 2010). During fermentation, yeast metabolizes sugar 
to produce carbon dioxide and ethanol, thereby mimicking 
human respiration and attracting host-seeking mosquitoes 
(Sergi, 2020). Several studies have demonstrated the 
potential of yeast-generated CO₂ in improving mosquito 
trap performance under laboratory and semi-field 
conditions (Astuti et al., 2011; Rosanti et al., 2017). 
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However, field-based evaluations under natural 
environmental conditions remain limited. 

Therefore, the present study was undertaken to evaluate 
the efficacy of a yeast–sugar fermentation system as a 
sustainable CO₂ source for enhancing mosquito trap 
performance under field conditions in Gwalior, India. By 
comparing yeast-baited traps with water-based control 
traps across different seasons, this study aims to assess the 
practical applicability of this eco-friendly approach for 
mosquito surveillance and control. 

MATERIAL AND METHOD 

Study Area 
The field study was conducted in Sikander Kampoo, 
located in the Lashkar region of Gwalior, Madhya 
Pradesh, India. This area is characterized by the presence 
of stagnant water bodies, including the Veerpur and 
Hanuman dams, which provide favourable breeding 
habitats for mosquitoes. The region experiences distinct 
seasonal variations, including winter, summer, and 
monsoon periods, making it suitable for evaluating 
mosquito trapping efficiency under varying environmental 
conditions. 

Experimental Design 
The study was carried out in two phases to evaluate (i) the 
efficacy of a yeast-sugar fermentation system as a carbon 
dioxide (CO₂) source for mosquito attraction and (ii) the 
duration of its effectiveness under field conditions. 

In Phase I, a comparative field experiment was conducted 
using two commercially available Terminator-II mosquito 
traps. One trap served as the control (containing plain 
water), while the other functioned as the experimental 
setup, incorporating a yeast–sugar fermentation solution 
as a CO₂ source. The experiments were conducted across 
three seasons (winter, summer, and rainy season) during 
2024-2025. 

Each experimental setup was replicated three times per 
season. To minimise positional bias, the placement of 
control and experimental traps was alternated daily. The 
traps were installed indoors in a residential setting within 
the study area and operated continuously for 24 hours 
during each trial. 

Preparation of Yeast-Sugar Fermentation Solution 
The fermentation mixture was prepared by dissolving 100 
g of sugar in 750 mL of water in a 1-L plastic bottle. 
Subsequently, 8 g of sodium bicarbonate, 8 g of yeast 
extract powder, and 5.5 g of active dry yeast were added 
to the solution. The mixture was gently shaken to ensure 
uniform mixing and allowed to ferment for 2-12 hours 
prior to use. 

The bottle was fitted with a tightly sealed lid containing a 
1 mm diameter through which a plastic tube was inserted. 

The tube connected the fermentation chamber to the 
mosquito trap, allowing continuous release of CO₂ 
produced during fermentation. CO₂ production was 
qualitatively confirmed by visible bubbling in the solution. 

Trap Operation and Sample Collection 
Both control and experimental traps were operated 
simultaneously for 24-hour periods. Captured insects were 
collected from the traps into Petri dishes and subsequently 
dried in a laboratory oven at 60°C for 12 hours to remove 
moisture. The dried specimens were stored in airtight 
containers for further identification and analysis. 

Insect Identification 
Collected specimens were sorted and identified based on 
morphological characteristics. Mosquitoes were identified 
up to the genus or species level using standard taxonomic 
keys (Christophers, 1933; Nagpal & Sharma, 1995). Only 
adult mosquitoes were included in the final analysis. 

Assessment of Trap Efficiency 
Trap efficiency was evaluated by comparing the number 
of mosquitoes captured in experimental and control traps. 
Data were recorded for each trial and expressed as mean ± 
standard error (SE). Seasonal variations in mosquito 
abundance and species composition were also analyzed. 

Phase II: Duration of CO₂ Production 
In Phase II, the longevity of the yeast-sugar fermentation 
system was assessed. A single preparation of the 
fermentation mixture was monitored daily over a period of 
30 days. The effectiveness of the solution was determined 
based on the number of mosquitoes captured per day, with 
declining capture rates indicating reduced CO₂ production. 

Statistical Analysis 
All data were compiled and analyzed using appropriate 
statistical methods. Differences between control and 
experimental groups were evaluated using Student’s t-test 
(or one-way ANOVA where applicable). Results were 
considered statistically significant at p < 0.05. 

RESULT AND DISCUSSION 

Trap Efficiency and Seasonal Variation 
The field evaluation demonstrated that mosquito traps 
baited with the yeast–sugar fermentation solution 
consistently captured a higher number of mosquitoes 
compared to control traps containing only water across all 
seasons. As shown in Table 1, a total of 2,094 mosquitoes 
were collected from experimental traps, whereas 1,017 
mosquitoes were recorded in control traps, accounting for 
approximately 67% and 33% of the total catch, 
respectively. This substantial increase in trapping 
efficiency can be attributed to the presence of carbon 
dioxide (CO₂), a key activator of mosquito host-seeking 
behavior (Cardé, 2010; Lahondère & Lazzari, 2012). 

Table-1: Numbers of insects trapped in control and Experimental trap 
Mean (SE) % of Trapped Insects  

Winter Summer Rainy 
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Insects Control Experimental Control Experimental Control Experimental 
Mosquitoes 12.25 (2.01) 30.50 (8.17) 122.75 

(43.70) 
240.5 (94.77) 119.25 

(42.64) 
252.5 (92.57) 

Psycodids 16.50 (5.20) 226.5 (180.82) 41.5 (29.68) 63 (50.75) 38 (30.30) 58 (11.23) 
Sandlies 4.50 (3.06) 1 (0.70) 9.5 (4.55) 18.25 (5.72) 5.25 (2.86) 16.75 (6.44) 

Other Insects 8 (2.12) 25 (13.67) 64 (49.56) 40.75 (15.47) 52.25 (25.75) 142.25 (41.52) 
Houseflies 0 (0) 0.75 (0.47) 3 (2.38) 2 (1.35) 3.5 (2.87) 15 (11.68) 

Seasonal variation in mosquito abundance was clearly 
observed. The highest number of mosquitoes was recorded 
during the rainy season, followed by summer and winter 
(Table 1). The maximum mean catch was observed in the 
experimental trap during the rainy season (252.5 ± 92.57), 
while the lowest was recorded in the control trap during 
winter (12.25 ± 2.01). This trend is also illustrated in 

Figure 2, which shows a clear increase in insect capture in 
experimental traps across all seasons. The higher mosquito 
density during the rainy season is likely due to the 
availability of abundant breeding sites and favorable 
environmental conditions such as increased humidity and 
temperature (Okiwelu & Noutcha, 2012; Marzal et al., 
2022). 

 
Figure-2: Graphs showing the trapped insects in control and experimental trap within the study period. 

Here: Mos.-Mosquitoes, Ps-Psycodidae, S.f.-Sandflies, 
O.I.-Other Insects, H.F- Housefly. 

Species Composition 
The species composition of mosquitoes captured in both 
control and experimental traps is presented in Table 2. The 

dominant species recorded was Culex quinquefasciatus, 
followed by Aedes aegypti, Armigeres subalbatus, Culex 
tritaeniorhynchus, and Culex vishnui. Minor occurrences 
of Anopheles species, including Anopheles stephensi and 
Anopheles annularis, were also observed. 

Table-2: Numbers of insects trapped in control and Experimental trap 
Mean (SE) % of mosquito species  

Winter Summer Rainy 
Mosquito 
species 

Control Experimental Control Experimental Control Experimental 

Ae. al. 0.5 (0.5) 2 (1.22) 1.5 (0.95) 1.5 (0.95) 11.5 (6.11) 14 (4.91) 
Ae. ae. 2 (1.08) 3.25 (2.35) 4.5 (2.72) 12.5 (9.66 23.5 (2.35) 38 (12.78) 
Cu. qu. 4.5 (1.55) 13.5 (2.84) 89.75 (35.67 186.5 (71.64) 52.75 (23.18) 123.25 (56.34 
Cu. vi. 0.25 (0.25) 3 (1.77) 13 (6.23) 21.5 (14.67) 3 (1) 10.5 (4.99) 
Cu. tri. 1.25 (0.47) 4.25 (1.79) 9.5 (2.63) 15 (7.29) 5.5 (3.09) 21.5 (13.42) 
An. st. 0 (0) 0.25 (0.25) 0.5 (0.5) 0 (0) 4.75 (3.54) 5 (3.53) 
An. an. 0 (0) 0 (0) 0.5 (0.5) 0.75 (0.75) 3.25 (2.62) 13.75 (11.8) 
An. sub. 0 (0) 0 (0) 0.25 (0.25) 0 (0) 7.75 (7.75) 8.5 (7.84) 
Ar. sub. 3.5 (1.25) 4.25 (1.88) 3.25 (2.35) 2.75 (1.37) 7.25 (4) 18 (10.72) 
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Abbreviations- Ad.al-Aedes albopictus, Ad. ae-Aedes 
aegypti, Cu. qu-Culex quinquefasciatus; Cu.vi.-Culex 
vishnui; Cu.tri-Culex Tritaenorhynchus; An.st-Anopheles 
stephensi; An.an-Anopheles annularis; An. sub-Anopheles 
subpictus Armi. sub-Armigera subalbus. 

The predominance of Culex quinquefasciatus may be 
attributed to its adaptability to polluted and stagnant water 
habitats commonly found in the study area (Okiwelu & 
Noutcha, 2012). As shown in Table 2, experimental traps 
consistently captured a higher proportion of all mosquito 
species compared to control traps. This indicates that CO₂ 
generated from fermentation acts as a universal attractant 

across multiple mosquito taxa (Jawara et al., 2011; Hoel et 
al., 2015). 

Effect of Yeast–Sugar Fermentation as CO₂ Source 
The enhanced performance of experimental traps is 
directly linked to the continuous release of CO₂ during 
yeast fermentation. The experimental setup, including the 
connection between the fermentation bottle and the 
mosquito trap, is illustrated in Figure 1. The CO₂ produced 
during fermentation mimics human respiration, thereby 
increasing the attractiveness of the trap to host-seeking 
mosquitoes. 

 
a          b 

Figure-1: Showing the installed trap with a) Yeast and sugar solution and b) Normal tap water. 

The results are consistent with previous studies 
demonstrating that fermentation-derived CO₂ significantly 
improves mosquito trap efficiency (Smallegange et al., 
2010; Mweresa et al., 2014). Similar findings have been 
reported in field and laboratory studies using yeast-sugar 
solutions as attractants (Astuti et al., 2011; Rosanti et al., 
2017). The present study further confirms the 
effectiveness of this approach under natural environmental 
conditions. 

Non-Target Insect Capture 
In addition to mosquitoes, other insects such as 
psychodids, sandflies, and houseflies were also captured 
in both control and experimental traps, as shown in Table 
1. Although these non-target insects were present, their 

numbers were relatively lower compared to mosquitoes. 
This suggests that CO₂ and associated odor cues may 
attract a broader range of insects, as also reported by Kline 
et al., (2012). However, this does not significantly affect 
the primary objective of mosquito trapping. 

Duration of Fermentation Effectiveness 
The duration of effectiveness of the yeast–sugar 
fermentation system is illustrated in Figure 3, which 
shows the variation in mosquito capture over time. The 
fermentation system remained effective for up to 23 days, 
after which a decline in trap efficiency was observed. This 
decrease is likely due to reduced CO₂ production as 
fermentation slows over time. 
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Figure-3: Mosquitoes catch in control and experimental trap in the month of August 2024. 

These findings are consistent with previous studies 
reporting effectiveness of yeast-sugar solutions for 
approximately 25-30 days (Astuti et al., 2011; Rosanti et 
al., 2017). The relatively long duration of CO₂ production 
highlights the practical advantage of this method, as it 
reduces the need for frequent replacement of the attractant 
solution. 

Limitations of the Study 
Despite the promising results, certain limitations should be 
acknowledged. The study was conducted at a single 
location, which may limit the generalizability of the 
findings. Environmental factors such as temperature and 
humidity were not quantitatively measured, although they 
are known to influence mosquito behavior (Coutinho-
Abreu et al., 2021). Additionally, the use of water as a 
control instead of a standard CO₂ source limits direct 
comparison with conventional trapping systems. 

Conclusion from Findings 
Overall, the results clearly demonstrate that yeast–sugar 
fermentation significantly enhances mosquito trap 
efficiency by providing a continuous and cost-effective 
source of CO₂. The integration of this method into 
mosquito surveillance and control programs may provide 
an eco-friendly and practical solution, particularly in 
resource-limited settings. 
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