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Abstract 
 

The effectiveness of short-chain fatty acids (SCFAs) as a biodegradable insecticide was examined on house 
crickets, Acheta domesticus (L.).  Mature (0.3523g ± 0.0813 g) and immature (0.0191g ± 0.0013 g) crickets were 
sprayed for 40 s which delivered 1.47 mL over a 78.5cm2 surface.   Butanoic acid (1.36 M, pH 4.0) was the most 
lethal treatment and killed 100% of the immature and adult crickets within 10 minutes whereas the controls had 
no mortality for 24 hours. The LC50 values for propionic, butanoic, and pentanoic acid were 1.10M, 0.44M and 
0.26M, respectively, for immature crickets.  The LC50 values for propionic, butanoic, and pentanoic acid were 
0.82M, 0.57M and 0.16M, respectively, for adult crickets.  The SCFAs (propionic, butanoic, and pentanoic) at 
their highest concentrations induced a drop in hemolymph pH from 8.24 to 7.86, 7.24 and 7.88, respectively.  
These three SCFAs were effective in killing both immature and adult house crickets and show promise as a 
“green” insecticide. 
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1.0 Introduction 
 

House crickets, Acheta domesticus (L.), are house pests during certain times of the year.  They are omnivorous 
scavengers that feed on almost any organic material and when present in large numbers, are known to cause 
damage to clothing, silks, vegetables and fruits. The key to managing house crickets inside buildings is exclusion, 
however, when this fails, boric acid baits can be effective.  Fatty acid salts have been shown to be effective in 
killing and repelling cockroaches (Baldwin, Koehler, & Pereira, 2008)and causing mortality in a wide variety of 
insects(Puritch, 1975, 1981). Specifically, propionic acid is effective against some stored-grain pests (Germinara, 
Rotundo, & De Cristofaro, 2007).Fatty acids are naturally derived from plant oils and animal tallow (Puritch, 
1981).   Short-chain fatty acids (SCFAs) are effective in paralyzing and killing a wide range of organisms, such as 
fruit flies(Farine, Legal, Moreteau, & Le Quere, 1996; Legal, Moulin, & Jallon, 1999), and inactivating pig worm 
eggs(Butkus et al., 2011). 
 

Toxicity of SCFAs at the cellular level has been attributed to acidification as the undissociated form enters the 
cell and releases its proton and thus leads to disruption of plasma membranes (Baronofsky, Schreurs, & Kashket, 
1984), causing the accumulation of anions (Dashper & Reynolds, 2000)and the depletion of ATP supply as the 
cell tries to actively pump out the protons. The toxicity of saturated fatty acids has been shown to increase with an 
increase in chain length, peaking at C10 and C12(Baldwin et al., 2008). The potential use of SCFAs as an outdoor 
insecticide is an environmental friendly, or “green” chemistry, process.  Excess SCFAs will enter the soil where 
they would be neutralized by the soil or the soil could be sprayed with baking soda to amend this process. This 
would cause the acid to disassociate and become far less toxic since it could no longer cross a cellular membrane. 
SCFA can be biodegraded by various microorganisms(Aguilar, Casas, & Lema, 1995; Sheridan, Curran, & Dodd, 
2003).  
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In the present study, the potential activity of three SCFAs (propionic acid, butanoic acid, and pentanoic acid) was 
investigated as an effective pesticide against the house cricket, using a modified bottle sprayer method. 
 

2. Materials & Methods 
 

2.1 Insects 
 

House crickets, Acheta domesticus, were purchased from a commercial vendor (Sue’s Zoo, New Paltz, and NY). 
Crickets were maintained in a cage at 25.0 + 2.50C and an average humidity level of 71 + 15% RH for 24-96 
hours before experimental trials.  Dry food (Fluker’s® High-Calcium Cricket Feed) and water (Fluker’s® Cricket 
Quencher) were provided ad libitum. Harborage consisted of rolled corrugated cardboard.  The average lifespan 
of Acheta domesticus in a laboratory setting is ~120 days at 30ºC with maturity defined by the presence of wings 
and mature genitalia after molt(Lyn, Aksenov, LeBlanc, & Rollo, 2012). Based on these criteria, second, third and 
fourth instar immature (wingless and lacking ovipositors) and mature crickets were tested with average weights of 
0.0191g (± 0.0013 g) and 0.3523 g (± 0.0813 g), respectively to show the effects of SCFAs on immature and 
mature cricket populations. 
 

2.2 Preparations of short-chain fatty acid solutions 
 

The pH of the stock solutions of propionic acid, C3H6O2 (1.5 M), butanoic acid, C4H8O2 (1.36 M) and pentanoic 
acid, C5H10O2 (0.2 M) was adjusted to 4.0 with solid NaOH.  The stock solutions were diluted with deionized 
water and the pH was confirmed to be 4.0. All solutions were stored at 4°C and warmed to room temperature 
before use.  
 

2.3 Calibration of bottle sprayer using butanoic acid 
 

A modified bottle sprayer was used(Nansen, Hinson, Davidson, Vaughn, & Ghalralari, 2010) to spray crickets. 
The airbrush (Master MAS G22; www.amazon.com) was inserted into an open ended plastic bottle with a 
diameter of 12.7 cm and secured by clamps. A gas pressure regulator was attached to the in-house air supply 
which delivered air to the airbrush at 18 ± 2 psi.  A standard 100 mm petri plate (78.5 cm2) was placed 23.5 cm 
from the airbrush. A calibration curve was generated to determine the volume of butanoic acid sprayed over time 
(data not shown). 
 

2.4 Determination of the LC50for the short-chain fatty acids 
 

Immature and adult crickets in control and treatment groups were placed separately in 100 mm plastic petri dishes 
(five per plate) and chilled at 4ºC for 10 minutes to reduce their mobility. Various concentrations of acids were 
sprayed onto the crickets for 40 s which released 1.47 mL of acid. After spraying, the crickets from two plates 
were transferred into glass petri dishes (150mm) containing food and water. The crickets were maintained at 25ºC 
and high humidity with observations at 10 minutes and 24 hours post treatment. Crickets were assumed dead 
when there was no response to physical probing. Linear regression of the data was used to determine the LC50 of 
the acids for large and small crickets.  Initial studies carried out showed the crickets were not affected by spraying 
with distilled water or acidified distilled water (data not shown). 
 

2.5 Determination of cricket hemolymph pH 
 

Crickets were chilled on a BioQuip Laboratory Chill table (BioQuip Products, Rancho Dominguez, CA)at -10°C 
until immobile (5-10 minutes).Hemolymph samples were obtained from mature crickets from cerci that were cut 
close to the abdomen.  The abdomen was gently squeezed to expel hemolymph being careful not to squeeze so 
hard that gut contents were also expelled, this liquid would appear milky or greenish(Woodring, 1985). 15 µLof 
clear liquid at the tip of the cercus was collected and then placed directly on a pH indicator strip (pH 5-10; 
ColorpHast® pH Indicator Strips, EM Science, Gibbstown, NJ) and read while still moist. The pH of 10 crickets 
was measured for each treatment. The pH measured for ten untreated cricket hemolymph was 8.24. Crickets 
which had been sprayed were rinsed with distilled water for 15 s, transferred to a clean petri dish and placed under 
a 150 watt lamp for approximately 2 minutes to allow excess liquid to evaporate. The crickets were placed on the 
chill table again before bleeding. 
 

3. Results and Discussion 
 

The SCFAs induced a statistically significant drop (Student t-test, p<0.01) in blood pH of treated crickets whereas 
HCl did not (Table 1). An exposure of 5-10 minutes to HCl fumes was required to cause a slight reduction in 
blood pH and cause mortality.   
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This is consistent with previous research that demonstrated the injection of strong acid into the hemocoel caused 
only a slight decrease in hemolymph pH in Schistocercagregaria(Phillips, Hanrahan, Chamberlin, & Thomson, 
1986). The hemolymph pH of cockroaches (Nauphoetacinerea)can be altered when exposed to atmospheric 
changes; exposure to CO2 resulted in a substantial drop in blood pH (Matthews & White, 2011). Similarly, 
exposing A. domesticus to CO2 caused a drop in blood pH and resulted in feeding inhibition, anesthetization, and 
long-term disruption of certain neuroendocrine functions(Woodring, 1985).Mayfly nymph 
(Stenonemafemoratum) whole-body [Na+] and [Cl-] decreased and mortality rates increased when exposed to 
acidic conditions of pH 3.5(Rowe, Berrill, & Hollett, 1988). Because of organic acids’ surfactant nature they can 
more readily permeate the cuticle and cellular membrane than branched or inorganic acids resulting in the 
acidification of the microbial environment(Legal et al., 1999). An open circulatory system allows the acid’s 
effects to be systemic and rapid. In all trials, 1.36M butanoic acid was 100% lethal to both immature and adult 
crickets.  
 

The crickets instantly reacted to the spray with violent leg twitching response followed by unresponsive 
immobilization within seconds-minutes of being sprayed. Specific physical responses varied proportionally with 
acid concentrations. The presence of SCFAs in Drosophila melanogaster was shown to cause a reversible coma-
like state associated with altered equilibrium [balance], strong [body] vibrations, and unresponsiveness (Farine et 
al., 1996).The LC50 at 24 hours post treatment for immature and mature crickets for propionic, butanoic, and 
pentanoic acids were calculated (Figures 1, 2, Table 2). Crickets sprayed with distilled water or acidified distilled 
water (pH = 4.0) were not affected (data not shown). HCL (1.0M, pH=3.6) had a significantly higher survival rate 
at 24 hours: 87%. The difference between LC50 for propionic, butanoic and pentanoic acids for immature and 
mature populations were: 0.28M, 0.13M, and 0.1M, respectively. This study demonstrated the effectiveness of 
SCFAs as potential insecticides for use against house crickets. Because of their biodegradable properties, SCFAs 
could be safely used as environmentally friendly, green chemistry, insecticides outdoors without damage soil as 
would happen with other acids (hydrochloric, sulfuric, etc.). SCFAs are naturally biodegraded by microorganisms 
in the soil making them a safer alternative to more environmentally-toxic pesticide treatments.  
 

Acknowledgments 
 

The authors express their gratitude to the Defense Threat Reduction Agency for their generous funding of this 
research.  The authors would like to acknowledge the invaluable assistance of Mr. Lance Richardson. The views 
expressed in this paper are those of these authors and do not reflect the official policy or position of the United 
States Military Academy, Department of the Army, DoD or the U.S. government. 
 
References 
 
Aguilar, A., Casas, C., & Lema, J. M. (1995). Degradation of volatile fatty acids by differently enriched 

methanogenic cultures: Kinetics and inhibition. Water Research, 29(2), 505-509. doi: 
http://dx.doi.org/10.1016/0043-1354(94)00179-B 

Baldwin, R. W., Koehler, P. G., & Pereira, R. M. (2008). Toxicity of Fatty Acid Salts to German and American 
Cockroaches. Journal of Economic Entomology, 101(4), 1384-1388.  

Baronofsky, J. J., Schreurs, W. J. A., & Kashket, E. R. (1984). Uncoupling by acetic acid limits growth of and 
acetogenesis by Clostridium the rmoaceticum. Applied and Environmental Microbiology, 48(6), 1134-
1139.  

Butkus, M. A., Hughes, K. T., Bowman, D. D., Liotta, J. L., Jenkins, M. B., & Labare, M. P. (2011). Inactivation 
of Ascaris suum by Short-Chain Fatty Acids. Appl. Environ. Microbiol., 77(1), 363-366. doi: 
10.1128/aem.01675-10 

Dashper, S. G., & Reynolds, E. C. (2000). Effects of Organic Acid Anions on Growth, Glycolysis, and 
Intracellular pH of Oral Streptococci. Journal of Dental Research, 79(1), 90-96. doi: 
10.1177/00220345000790011601 

Farine, J.-P., Legal, L., Moreteau, B., & Le Quere, J.-L. (1996). Volatile components of ripe fruits of Morinda 
citrifolia and their effects on Drosophila. Phytochemistry, 41(2), 433-438. doi: 
http://dx.doi.org/10.1016/0031-9422(95)00455-6 

Germinara, G. S., Rotundo, G., & De Cristofaro, A. (2007). Repellence and fumigant toxicity of propionic acid 
against adults of Sitophilus granarius (L.) and S. oryzae (L.). Journal of Stored Products Research, 43(3), 
229-233. doi: http://dx.doi.org/10.1016/j.jspr.2006.06.002 



Published by Center for Promoting Ideas, USA                                www.jalsnet.com                       Copyright © The Author(s) 
 

4 

Legal, L., Moulin, B., & Jallon, J. M. (1999). The Relation between Structures and Toxicity of Oxygenated 
Aliphatic Compounds Homologous to the Insecticide Octanoic Acid and the Chemotaxis of Two Species 
of Drosophila. Pesticide Biochemistry and Physiology, 65(2), 90-101. doi: 
http://dx.doi.org/10.1006/pest.1999.2430 

Lyn, J., Aksenov, V., LeBlanc, Z., & Rollo, C. D. (2012). Life History Features and Aging Rates: Insights from 
Intra-specific Patterns in the Cricket Acheta domesticus. Evolutionary Biology, 39(3), 371-387. doi: 
10.1007/s11692-012-9160-0 

Matthews, G. D., & White, C. R. (2011). Regulation of gas exchange and haemolymph pH in the cockroach 
Nauphoeta cinerea. J. Exp. Biol., 214, 3062-3073.  

Nansen, C., Hinson, B., Davidson, D., Vaughn, K., & Ghalralari, A. H. (2010). Novel approaches to application 
and performance assessment of insecticide applications to crop leaves. J. Econ. Entomol., 103(2), 219-
227.  

Phillips, J. E., Hanrahan, J., Chamberlin, M., & Thomson, B. (1986). Mechanisms and control of reabsorption in 
insect hindgut (Vol. 19). Orlando, Fl: Academic Press, Inc. 

Puritch, G. S. (1975). The toxic effects of fatty acids and their salts on the Balsam Woolly Aphid, Adelgespiceae 
(Ratz.) Canadian Journal of Forest Research (Vol. 5, pp. 515-522). 

Puritch, G. S. (1981). Pesticidal soaps and adjuvants--what are they and how do they work? Paper presented at the 
Proceedings of the 23rd Annual Lower Mainland Horticultural Improvement Assoc. Growers' Short 
Course, Abbotsford, B.C. 

Rowe, L., Berrill, M., & Hollett, L. (1988). The influence of season and pH on mortality, molting and whole-body 
ion concentrations in nymphs of the Mayfly Stenonema femoratum. Comp. Biochem. Physiol., 90A, 405-
408.  

Sheridan, B. A., Curran, T. P., & Dodd, V. A. (2003). Biofiltration of n-butyric acid for the control of odour. 
Bioresource Technology, 89(2), 199-205. doi: http://dx.doi.org/10.1016/S0960-8524(03)00045-2 

Woodring, J. P. (1985). Circulatory systems. New York: John Wiley & Sons. 
 
 
 

Table 1: Cricket Haemolymph pH after Exposure to Short-Chain Fatty Acids 
 

Treatment Control HCl Propionic acid Butanoic acid Pentanoic acid 
Conc. (M) 0 1.0 1.5 1.36 0.2 
pH 8.24±0.07      8.23±0.11   7.86±0.371 7.24±0.441            7.88±0.241 
1 Significant differences determined by student t-test (P<0.01) 

 

Table 2: LC-50 (M) for Short-Chain Fatty Acids Sprayed on A. domesticus 
 

Stage Propionic acid Butanoic acid Pentanoic acid 
Adult 0.82 0.57 0.16 
Immature 1.10 0.44 0.26 

 
Figure Captions 
 

Fig. 1. Relationship Between Acid Molarity and Immature Cricket Mortality (LC50) 24 Hours Post Treatment. 
 

Fig. 2. Relationship Between Acid Molarity and Adult Cricket Mortality (LC50) 24 Hours Post Treatment. 
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