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Spatial repellency, antifeedant activity and
toxicity of three medium chain fatty acids and
their methyl esters of coconut fatty acid
against stable ﬂies
Gwang H Roh,a Xiaaojie Zhou,b Yansu Wang,c Steven C Cermak,d
James A Kenar,d Alexander Lehmann,e Baoyu Han,c David B Taylor,a
Xiaopeng Zeng,d Chung Gyoo Park,f Gary J Brewere and Junwei J Zhua*
Abstract
BACKGROUND: Stable ﬂies are one of the most detrimental arthropod pests to livestock. With changing climates and agronomic
practices, they expand their roles as pests and disease vectors as well. Their painful bites reduce livestock productivity,
annoy companion animals, and interfere with human recreational activities. Current management technologies are unable to
eﬀectively control stable ﬂies. The present study reports new results concerning the contact, spatial repellency, and toxicity of
a bio-based product, coconut fatty acid and their methyl ester derivatives of free fatty acids of C8:0 , C10:0 and C12:0 to stable ﬂies.
RESULTS: Three medium chain fatty acid methyl esters (C8:0 , C10:0 and C12:0 ) showed strong antifeedant activity against stable ﬂies
and their strengths were dose-dependent. Only the C8:0 acid, C8:0 - and C10:0 methyl esters elicited signiﬁcant antennal responses.
Laboratory single cage olfactometer bioassays revealed that coconut fatty acid and C8:0 methyl ester displayed active spatial
repellency. All three methyl esters showed strong toxicity against stable ﬂies.
CONCLUSION: Antifeedant activity is the main method through which coconut fatty acid deters stable ﬂy blood-feeding. The
C8:0 , C10:0 and C12:0 methyl esters act not only as strong antifeedants, but also possess strong toxicity against stable ﬂy adults.
Limited spatial repellency was observed from coconut fatty acid and C8:0 methyl ester.
© 2019 Society of Chemical Industry
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1

INTRODUCTION

Pest Manag Sci 2020; 76: 405–414

transmitted by stable ﬂies through either the ingestion of infected
ﬂies, or via their bite.18 Previously, stable ﬂies have been reported
to transmit a wide variety of pathogens that are primary disease
agents leading to cattle mortality.1,19,20
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The stable ﬂy, Stomoxys calcitrans (L.), is considered one of the most
serious biting ﬂy pests of bovids and equines in livestock feedlot,
barns and pasture settings.1 In the last decade, outbreaks of stable
ﬂies resulting from ﬂies developing in decomposing crop residues
have been reported worldwide, with particularly large outbreaks
reported from Australia, and Central and South America.2–7 In
addition to livestock, stable ﬂies also attack wildlife, companion
animals and humans.
The painful bites from these ﬂies reduce livestock productivity and increase animal stress by disrupting feeding,
reproductive, and resting behaviors.8–12 They are considered
signiﬁcant economic pests in many parts of the world.1,13,14 Taylor
et al.15 estimated that stable ﬂies reduce cattle productivity in the
U.S. by over $2 billion per year.
Although not currently considered to be a major vector of livestock disease in North America, stable ﬂies are involved in the
transmission of several important diseases including trypanosomiasis and lumpy skin disease (Capripox)16 elsewhere in the world.
Recently, Olesen et al.17 reported that one of the most important
invasive livestock diseases in Europe, African Swine Fever, can be

www.soci.org
Current technologies to control adult stable ﬂies are inadequate,
laborious, and expensive.21–25 The use of botanically derived repellents or biopesticides is an alternative option for their management that is economically viable and environmentally safe. Zhu
and coworkers26,27 have shown that essential oils derived from catnip (Nepeta cataria) and Geranium species exhibit strong repellency against biting ﬂies, including stable ﬂy. Zhu et al.28 also
reported that stable ﬂy larval growth and female oviposition was
inhibited in developmental substrates treated with encapsulated
catnip oil. However, due to the high volatility of the active compounds in these plant essential oils, the longevity of eﬀectiveness
was relatively short. Therefore, it is critical to discover additional
plant-based repellents with extended residual activity. Recently,
Zhu et al.29 demonstrated that medium chain fatty acids associated to coconut oil repel a broad array of blood-sucking arthropods. In the present study, we report further ﬁndings concerning
spatial repellency and antifeedant activity of a bio-based product, coconut fatty acid, which mainly consists of free fatty acids of
C8 :0 , C10:0 , C12:0 , and their corresponding methyl esters derivatives
against stable ﬂies. Bio-pesticidal activities of these methyl ester
derivatives are also discussed.

2

MATERIALS AND METHODS

2.1 Stable ﬂy sources and tested chemicals
Stable ﬂies used for laboratory tests were from colonies maintained at the U.S. Department of Agriculture, Agricultural Research
Service, Agroecosystem Management Research Unit (Lincoln, NE,
USA). The ﬂies were maintained as described by Friesen et al.30
The coconut fatty acid (Coconut FFA) was a bio-based
product hydrolyzed from the natural coconut oil, which converts triglycerides into free fatty acids. It was obtained from
ACME-HARDESTY (Blue Bell, PA, USA). The coconut FFA consisted of caprylic acid, capric acid, lauric acid, myristic acid,
palmitic acid, stearic acid, oleic acid and linoleic acid at a ratio of
6.85:7.33:52.68:17.14:8.44:1.29:6.02:0.34 (Zhu et al.29 ). Synthetic
fatty acid standards (C8:0 , C10:0 , C12:0 ) and 1-octen-3-ol were purchased from Sigma-Aldrich (St. Louis, MO, USA), with purity from
90–99%, and methyl esters were synthesized as described by Zhu
et al.29 Test compounds were diluted to desired concentrations
with hexane or ethanol [Sigma-Aldrich (99–100%)].

406

2.2 Antennal responses to repellent compounds
Electroantennograms (EAG) were recorded as indicated in Tangtrakulwanich et al.31 Each compound was diluted to 10 μg μL−1
using either hexane (Burdick & Jackson High Purity Solvent). Neat
solvent was used as the control stimulus. Antennae of S. calcitrans from 3–5 days old male and female adults were used.
A piece (0.5 × 2.5 cm) of ﬁlter paper (Whatman No.1, Whatman
International Ltd., England) impregnated with 10 μL aliquot of
the above-mentioned test solution was inserted into a glass Pasteur pipette (15 cm long) and used for odor presentation. For
dose-response studies, selected repellent active compounds were
diluted to 0.1, 1, 10 and 100 μg μL−1 .
Antennae were positioned approximately 1 cm from the outlet of the glass tube. For stimulation, 5 mL of puriﬁed air, was
introduced through a charcoal-ﬁltered Pasteur pipette cartridge
(Syntech Auto-Puﬀer, Germany) for 0.5 s into the glass tube using
a continuous humidiﬁed air stream ﬂowing at 500 mL min−1 . An
electrically controlled airﬂow controller (CS-55, Syntech, Germany)
was used for the stimulation. At least 30 s was allowed between
successive stimulations and the stimulations with diﬀerent
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odorants were made in random order. Catnip oil (10 μg) was used
as a standard stimulus in EAG tests to indicate the antennal activity
and sensitivity (antennae that failed to respond to catnip were
considered inactive and were discarded).
For dose-response experiments, exposure proceeded from the
lowest to the highest concentration to minimize olfactory adaptation by overexposure. Test series for dose response were always
preceded and followed by the standard stimulus and the standard
stimulus was also applied after each dosage of the tested compound was completed. The wide end of the Pasteur pipette was
covered with a piece of aluminum foil when not in use to reduce
compound loss due to evaporation. Each odor stimulus cartridge
was used three times. EAG responses were measured from antennae of ﬁve males and ﬁve females.
Electrophysiological responses were analyzed by analysis of
variance (ANOVA) and means were separated by least signiﬁcant
diﬀerence (LSD) test. Statistical analyses were performed using SAS
9.3 (SAS institute, Cary, NC, USA).
2.3 Laboratory feeding bioassay
The laboratory bioassay for testing antifeeding activity used a
6-cell K&D module32 with modiﬁcations for stable ﬂy.26 Stable
ﬂies (3–4 days old) were starved for 48 h prior to testing. Three
doses of repellents (2 mg, 10 mg and 20 mg) were dissolved in
200 μL of hexane and then applied evenly onto the outer layers of
4 × 5 cm paper towel (Kitchen Bounty, Procter & Gamble Company,
OH, USA). After air drying, the repellent-impregnated paper was
placed on top of a bovine blood-soaked non-sterile absorbent ABD
pad (3.75 × 4.75 cm, Total Resources International, CA, USA) with
about 3.5 mL of blood in each cell bed of the module. A control
paper was treated with 200 μL of only hexane. Four to ﬁve starved
stable ﬂies were transferred into each of the six testing cells by
using a Pyrex glass pooter (self-made). After 4 h of exposure inside
the cells, stable ﬂies were anesthetized by placing them inside
a – 10 ∘ C freezer for 5 min and the immobilized ﬂies were checked
for feeding status by squashing their abdomen to examine for
the presence of blood. Repellent assays were conducted daily at
room temperature. Flies in the repellent bioassay were exposed
to randomized treatments (diﬀerent repellents and dosages) and
treatments were repeated until at least four to ﬁve replicates were
completed. During the experiments, ﬂy knockdown was recorded
and mortality was observed. Immobile ﬂies on the bottom of the
module were considered dead.
Percentiles of repellency [(number of ﬂies fed on control − number of ﬂies fed in treatment)/number of ﬂies fed on control × 100]
was determined and transformed to arcsine square-root values for
analyses of variance (ANOVA). Signiﬁcant diﬀerences at P < 0.05
(SAS version 10; SAS Institute, Cary, NC, USA) were determined
by analyses performed on the Least-Square Means due to the
unequal number of observations among the treatments. Numbers
of replicates and treatments tested were determined by the number of stable ﬂies available per day and controls were always run
simultaneously.
2.4 Spatial repellent assay in the single cage olfactometer
For each single cage, a dual port glass olfactometer was used
to assess spatial repellency of test compounds for stable ﬂies.33
Three to four day-old stable ﬂies were starved for 48 h prior to
testing. Five stable ﬂies were released into the olfactometer in
each group from the release port and given 5 min to respond;
their presence in either repellent treated or control port (>10 cm

© 2019 Society of Chemical Industry
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Figure 1. Electroantennogram response of S. calcitrans male and female antennae to (A) fatty acids and (B) their methyl esters (N = 5). Diﬀerent letters
above the bars indicate signiﬁcant diﬀerences within the same sex (LSD, P < 0.05).

inside the port) was recorded. Normally, one set of the three dose
tests (one treatment) was performed each day. Repellents were
ﬁrst dissolved in hexane to make solutions having concentrations
of 10, 50, 100 μg μL−1 . The repellent solution (10 μL) was applied
to a piece of ﬁlter paper (cut as a small triangle, 2 cm for each
side). For the control, 10 μL of hexane was applied. The ﬁlter paper
was air dried, ﬁxed to an insect pin, and placed in the middle of a
test port of the olfactometer (hung from about 2–3 cm from the
ceiling of the port). Within each set of tests, positions of the ports,
repellents or control, was randomized. All three ports (including
the release port) were cleaned with ethanol followed by acetone
before and after each test. Each test was replicated 8–15 times,
in which the port positions were changed (left to right) after
half the replicates were completed. New ﬂies were used for each
replicate.
Responses were recorded as a percentage of ﬂies inside the
treatment or control ports. After checking the homogeneity of
variance and normality of data, they were analyzed using Student
t-tests and the generalized linear model (GLM) and means were
separated by the Tukey’s HSD test. Log transformations were done
when necessary. Results with P < 0.05 were considered statistically
signiﬁcant.

Pest Manag Sci 2020; 76: 405–414

3

RESULTS

3.1 Antennal responses
Antennal responses of both male and female stable ﬂies were
measured when stimulated with the major fatty acids (C8:0 to
C18:1 ) contained in coconut FFA and their corresponding methyl
esters (Fig. 1). For the fatty acid series, female stable ﬂies expressed
elevated EAG responses to the C8:0 fatty acid (df = 7, 32; F = 6.43;
P < 0.0001, Fig. 1(a)). EAG responses to all other tested fatty acids
from male antennae were not signiﬁcantly diﬀerent from the
solvent control (df = 7, 32; F = 1.28; P = 0.2922). However, for the
methyl ester (Me) series, elevated EAG responses were observed to
C8:0 Me and C10:0 Me for both male and female stable ﬂy antennae
(male: df = 9, 40; F = 17.13; P < 0.0001, female: df = 9, 40; F = 37.53;
P < 0.0001, Fig. 1(b)).
Coconut FFA is comprised of a total of eight acids with three
dominating medium chain fatty acids, octanoic acid, decanoic
acid, and lauric acid. EAG dose-response tests to these three fatty
acids and their methyl ester derivatives were also conducted
(Fig. 2). Only female EAG responses to the octanoic acid increased
gradually as the dose increased, and the response peaked at

© 2019 Society of Chemical Industry
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2.5 Atmospheric concentrations of fatty acid and methyl
ester measurements
Atmospheric concentrations of fatty acids (C8:0 , C10:0 and C12:0
acid) and their corresponding methyl esters (C8:0 , C10:0 and
C12:0 Me) for the repellent/antifeedant activity bioassays were
measured via solid-phase microextraction (SPME), in which the
atmospheric concentrations of repellent compounds were compared with the SPME absorption rates after being analyzed in
an Agilent gas chromatograph equipped with a DB-FFAP column (30 m × 0.25 mm i.d., J & W Scientiﬁc, Agilent). Peak areas
of repellent compounds absorbed onto the ﬁbers were analyzed
through the thermo-desorption and further integrated by Agilent Chem-Station program. Helium was used as the carrier gas,
and the ﬂow rate maintained at 1.5 mL min−1 . Samples were
injected under splitless mode. The temperature program for the
GC analyses was set at 50 ∘ C for 3 min, then ramped to 280 ∘ C

for 10 ∘ C min−1 . The 100 mm polydimethylsiloxane (PDMS) ﬁbers
(Supelco, St. Louis, MO, USA) were conditioned in an Agilent
gas chromatograph (GC) inlet held at 250 ∘ C for 30 min before
sampling. Each test sample (10 mg) was transferred into a 1.5 mL
glass vial and sealed. The SPME ﬁber was exposed inside the vial
for 20 s for fatty acids and 5 s for methyl esters (three replications
of each chemical). The absorption rates of fatty acids and methyl
esters on SPME ﬁbers were quantiﬁed by comparing with the peak
areas of synthetic acid and methyl ester standards based on their
established standard curves. Each chemical standard was weighed
using an analytical balance with a readability of 0.01 mg (Mettler,
Toledo AL104, Ohio, USA), and then subsequently dissolved to the
desired concentration in hexane. Six-point calibration curves to
determine linearity were obtained for each chemical at concentrations ranging from 31.5, 62.5, 125, 250, 500, and 1000 ng μL−1
with three replications per concentration. Linearity was assumed
when the regression coeﬃcient provided an R2 > 0.85.

www.soci.org
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Figure 2. EAG dose-response of S. calcitrans male and female antennae to main chain fatty acids and their methyl esters (N = 5). Dose indicates the amount
of compound (μg) loaded onto a piece of ﬁlter paper in a Pasteur pipette odor cartridge. Diﬀerent letters above the bars indicate signiﬁcant diﬀerences
within the same sex (LSD, P < 0.05).
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1000 μg dose (male: df = 4, 20; F = 1.89; P = 0.1516, female: df = 4,
20; F = 4; P = 0.0152). Similar results were also found in female
antennae to the decanoic acid (male: df = 4, 20; F = 0.99; P = 0.437,
female: df = 4, 20; F = 4.73; P = 0.0075). But, no diﬀerences were
found in EAG responses to lauric acid at all three doses tested from
both sexes of stable ﬂy adults.
In contrast, EAG responses to all three methyl esters were significantly higher than those to the corresponding acids. Among the
three methyl esters tested, signiﬁcantly higher EAG responses to
the C8:0 Me and C10:0 Me were elicited when the tested dose was
>100 μg in males (C8:0 Me: df = 4, 20; F = 9.89; P < 0.0001, C10:0 Me:

wileyonlinelibrary.com/journal/ps

df = 4, 20; F = 6.57; P < 0.005). For females, C8:0 Me and C10:0 Me
elicited signiﬁcantly higher antennal responses starting at a dose
as low as 10 μg (C8:0 Me: df = 4, 20; F = 53.03; P < 0.0001, C10:0 Me:
df = 4, 20; F = 17.43; P < 0.0001). However, for the C12:0 Me, only the
highest dose, 1000 μg, elicited signiﬁcant EAG responses in males
(df = 3, 16; F = 3.68; P < 0.05).
When coconut FFA was examined, signiﬁcant EAG responses
were elicited starting from 100 μg dose for female antennae (df = 3,
16; F = 32.39; P < 0.0001), and for male antennae only the highest
dose, 1000 μg, elicited signiﬁcant EAG responses (df = 3, 16; F = 3.3;
P < 0.05) (Fig. 3).

© 2019 Society of Chemical Industry
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Figure 3. EAG dose-response of S. calcitrans male and female antennae to
coconut FFA (N = 5). Dose indicates the amount of compound (μg) loaded
onto a piece of ﬁlter paper in a Pasteur pipette odor cartridge. Diﬀerent
letters above the bars indicate signiﬁcant diﬀerences within the same sex
(LSD, P < 0.05).

3.2 Spatial repellency of fatty acids and methyl esters
to stable ﬂies
The single cage olfactometer bioassay showed that spatial
repellency was only observed at the highest dose (1000 μg) of the
coconut FFA (df = 18; t value = 2.27; P < 0.05, Table 1). For the three
individual fatty acids (C8:0 , C10:0 and C12:0 ), spatial repellency was
not observed at any of the dosages tested. While testing stable ﬂy
responses to methyl esters, only C8:0 Me at a dose of 100 μg showed
signiﬁcant spatial repellency (df = 14; t-value = 2.44; P < 0.05).

In contrast, the 500 μg dose was attractive to stable ﬂies (df = 18;
t-value = −2.29; P < 0.05) (Table 1).
We further examined stable ﬂy responses using a previously
reported attractant (1-octen-3-ol34 ) with additions of the spatial repellent compounds mentioned above to see whether the
attraction would be inhibited (Table 2). Neat 1-Octen-3-ol at
1000 μg was observed to be attractive to stable ﬂies (df = 28;
t-value = 2.15, P < 0.05), but, when 100 μg of the C8:0 Me or
1000 μg of coconut FFA was added to the attractant, stable ﬂies
were strongly repelled (df = 18; t-value = 2.58; P < 0.05 and df = 18;
t-value = 2.19; P < 0.05, respectively).
Atmospheric concentrations of C8:0 , C10:0 and C12:0 fatty acids and
methyl esters were compared by examining the absorption rates of
those chemicals onto the SPME ﬁbers. The analyses revealed that
signiﬁcant diﬀerences in SPME absorption rates were found from
three fatty acids measured, but none from the methyl esters. The
mean absorption rates for fatty acids were 10.2 ng min−1 (C8:0 acid),
5.9 ng min−1 (C10:0 acid) and 4.2 ng min−1 (C12:0 acid), respectively.
However, average absorption rates for three methyl esters were
similar, ranging from 9.4 to 11.0 ng min−1 .
3.3 Antifeedant assay
In antifeedant activity tests of the methyl esters of acids from C8:0 to
C18:0 , only C8:0 Me, C10:0 Me and C12:0 Me deterred stable ﬂy blood
feeding (Fig. 4(a)). In the corresponding dose-response tests, all
three medium chain methyl esters exhibited high feeding inhibition (df = 2; F = 6.7; P < 0.05; Fig. 4(b)), with over 90% of stable ﬂies
found no blood-feeding when tested at the 10 and 20 mg dosages
(Fig. 4(b)). C8:0 Me and C10:0 Me showed stronger antifeedant activity against stable ﬂies, compared to C12:0 Me. (df = 2; F = 23.7;
P < 0.0001). At the 2 mg dosage, no or low antifeedant activity was
found from the three methyl esters.

Table 1. Spatial repellency of coconut oil free fatty acids, three compositional medium chain fatty acids (C8:0 , C10:0 , C12:0 ) and their methyl esters in
a single cage olfactometer against stable ﬂies, Stomoxys calcitrans
Functional group
Fatty acids

Compound
C8:0 acid

C10:0 acid

C12:0 acid

Coconut FFA

Esters

C8:0 Me

C10:0 Me

C12:0 Me

Dose (μg)

Treatment (%)

Control (%)

100
500
1000
100
500
1000
100
500
1000
100
500
1000
100
500
1000
100
500
1000
100
500
1000

62 ± 7.6
49 ± 9.0
44 ± 6.1
56 ± 5.5
49 ± 7.6
55 ± 6.7
55 ± 8.9
44 ± 9.9
52 ± 5.4
46 ± 7.8
47 ± 5.2
39 ± 6.6
29 ± 8.9*
65 ± 8.3*
59 ± 8.9
57 ± 10.7
52 ± 11.5
58 ± 9.0
56 ± 8.9
44 ± 10.3
60 ± 6.5

38 ± 7.4
51 ± 8.8
56 ± 6.1
44 ± 5.3
51 ± 7.4
45 ± 6.7
45 ± 8.7
56 ± 9.7
48 ± 5.4
54 ± 7.6
53 ± 5.0
61 ± 6.6
71 ± 8.9
35 ± 8.3
41 ± 8.9
43 ± 10.7
48 ± 11.5
42 ± 9.0
44 ± 8.9
56 ± 10.3
40 ± 6.5

Signiﬁcance
0.0785
0.9388
0.2182
0.1231
0.6805
0.5240
0.7285
0.8386
0.7064
0.3595
0.4376
0.0360*
0.0287*
0.0343*
0.1348
0.4342
0.8856
0.5634
0.3040
0.1521
0.1101
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*Indicate a signiﬁcant diﬀerence between the treatments and control (t-test at P = 0.05). No signiﬁcant diﬀerences were found among the three acids
and esters tested in both doses and diﬀerent treatments (Tukey’s HSD at P = 0.05).
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Table 2. Behavioral inhibition of stable ﬂy orientation to the attractant source by adding selected repellent compounds in a single cage olfactometer
Response (%)
Comparison-1

Comparison-2
Comparison-3

1-octen-3-ol (1000 μg)

Blank

Signiﬁcance

61 ± 5.9
1-octen-3-ol (1000 μg) + C8:0 Me (100 μg)
34 ± 6.9
1-octen-3-ol (1000 μg) + Coconut FFA (1000 μg)
35 ± 6.3

39 ± 5.9
1-octen-3-ol (1000 μg)
66 ± 6.7
1-octen-3-ol (1000 μg)
65 ± 6.2

0.0401*
0.0188*
0.0416*

*indicate a signiﬁcant diﬀerence between the treatments and control (t-test at P = 0.05).

410

Figure 4. (A) Percentage of blood-feeding observed from 48-h starved stable ﬂies (Stomoxy calcitrans) with C8 to C18 methyl ester treatments from modiﬁed
lab behavioral K&D assays. (B) Mean % of stable ﬂy blood-feeding using three fatty acid methyl esters at three doseage concentrations. Diﬀerent symbol
letters on top of bars indicate signiﬁcant diﬀerences at a dose of 20 mg (ANOVA, followed by Scheﬀe tests, P < 0.005), and inside the bars diﬀerent letters
indicate signiﬁcant diﬀerence of three methyl esters at 2 mg (ANOVA, followed by Scheﬀe tests, P < 0.001). Error bars show standard errors of the means.
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Figure 5. (A) The stable ﬂy knock-down times by the three fatty acid methyl esters at three doses. (B) Mortality observed at the time of exposure of fatty
acid methyl esters at three doses. Diﬀerent symbol letters on top of bars indicate signiﬁcant diﬀerences among treatments (ANOVA, followed by Scheﬀe
tests, P < 0.05), and diﬀerent letters and asterisks inside the bars indicate signiﬁcant diﬀerences among treatments (C10:0 Me, ANOVA, followed by Scheﬀe
tests, P < 0.05; C8:0 Me and C12:0 Me: T-test P < 0.05). Error bars show standard errors of the means.

Pest Manag Sci 2020; 76: 405–414

The times needed for a 100% mortality were also calculated
(Fig. 5(b)). The times of 100% mortality for stable ﬂies exposed to
C12:0 Me at two higher doses (10 and 20 mg) were signiﬁcantly
longer than those from C10:0 Me and C8:0 Me (df = 2; F = 11.1;
P < 0.005 and df = 2; F = 34.3; P < 0.0001, respectively). The times
for 100% mortality decreased as the dosages of methyl esters
increased. Almost all stable ﬂies were knocked down when treated
with methyl esters at 10 mg and 20 mg. When tested at 2 mg,
only C10:0 Me was able to knock stable ﬂies down, with approximately 80% of tested ﬂies observed on the bottom of the cell.
However, the mortality among those ﬂies was only at 32 ± 9%.
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3.4 Toxicity (Knock-down and mortality)
While testing methyl esters in blood-feeding tests, we also
observed that the stable ﬂies were being ‘knocked down’ quickly
and died around 10 min after knock-down. Knock-down times
diﬀered among three methyl esters and in diﬀerent doses (Fig. 5).
At the 10 and 20 mg dosages, C10:0 Me knocked stable ﬂies down
faster (<5 min), compared with the other esters (df = 2; F = 12.1;
P < 0.0001 and df = 2; F = 26.8; P < 0.0001, respectively) (Fig. 5(a)).
At the lowest dose, 2 mg, knock-down of stable ﬂies was only
observed with C10:0 Me with a much longer knock down time of
over 17 min needed.
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The mean percentages of mortality from two higher doses (10 mg
and 20 mg) of three methyl esters were from 85% to 100%,
respectively.
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The stable ﬂy, Stomoxys calcitrans, is primarily considered to be
the most serious livestock pest found in feedlot, barns, and pasture environments.35 Furthermore, stable ﬂy outbreaks associated
with agronomic production in the past 10 years have caused infestation levels greatly exceeding 1000 ﬂies per animal, which leads
to high mortality rates among livestock. Especially in urban areas,
this extends to companion animals.6 Stable ﬂies are extremely difﬁcult to manage since they are very adaptable. The larvae can
develop in a broad variety of decomposing vegetative materials
and current options to control stable ﬂies are limited. Sanitation
is the most commonly recommended method for managing stable ﬂies.36 However, it is labor intensive.4 Plant derivatives with
insecticidal and repellent properties, which have been known for
at least two millennia, have been suggested as eﬀective alternatives against biting insects,37–40 particularly since they may oﬀer
economically viable and environmentally safe options for developing advanced integrated stable ﬂy management strategies to
reduce cattle stress.
Several botanical-based repellents including catnip oil, geraniol oil, lemongrass oil, and short chain fatty acids are capable of
repelling biting ﬂies including stable ﬂies on livestock.26,33,41–44
Unfortunately, this repellency lasts relatively brieﬂy in eﬀectiveness due to high volatility.33,45 Also, some of these essential oils
are relatively expensive, rendering them impractical for control of
biting ﬂies on livestock. Recently, we identiﬁed several medium
chain-length fatty acids derived from coconut oil that deter stable
ﬂies from blood-feeding and retain their repellency up to 2 weeks
under laboratory conditions and 4–5 days in the ﬁeld.29 However,
coconut FFA exhibits only limited spatial repellency toward stable
ﬂies at higher doses,28,46 which indicates that the mechanism of
antifeeding activity may result primarily due to contact deterrence
rather than spatial repellency.
The results of stable ﬂy EAG responses to C8 to C18 fatty acids
support our above hypothesis. Among all fatty acids tested, only
the C8:0 fatty acid elicited signiﬁcant EAG responses from female
stable ﬂy antennae. Further measurements of the atmospheric
concentrations from these fatty acids and their methyl esters
demonstrated twice the SPME absorption rates from the C8:0 fatty
acid than those from C10:0 and C12:0 fatty acids. However, the
C8:0 fatty acid’s atmospheric concentration (10 ng min−1 ) is still
signiﬁcantly lower than that of catnip oil (154 ng min−1 ), which also
explains why the spatial repellency of the fatty acids is signiﬁcantly
lower compared to catnip oil.33 While testing the coconut FFA
at the highest dose (1 mg), spatial repellency against stable ﬂies
was observed. This was also supported by the signiﬁcantly higher
EAG responses elicited from stable ﬂy antennae (over 1.5 mV) to
the coconut FFA compared to those from individual fatty acids
(0.25–0.6 mV), which could be explained due to some synergistic
eﬀects of the acid mixture.
One interesting observation from our animal topical application
trials is that the sprayable coconut FFA (16% formulation) is toxic
to other co-existing biting ﬂies, horn ﬂies (Boxler, personal communication). However, our laboratory assays have demonstrated that
the coconut FFA acts as a strong feeding deterrent, rather than a
toxic insecticide to stable ﬂies.29 C9:0 and C11:0 fatty acids do possess
some levels of toxicity (Zhu unpublished). A strong repellent with
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toxicity may provide more eﬀective control on stable ﬂies. Furthermore, medium chain fatty acids are reported to be corrosive and
present with an irritating odor, which is considered as unpleasant
to humans.47 Interestingly, corresponding methyl esters (C8:0 Me,
C10:0 Me and C12:0 Me) are not corrosive and some also have fruity
and orange-like odors that are more acceptable.48,49 Many naturally derived products of triglyceride oils have been widely used
as the main component of pesticides.50 Hu and Somuah51 recently
reported pesticidal activity from C10:0 Me extracted from hot pepper. After having tested antifeedant activity of the methyl esters
from C8 to C18 , we found that only the three medium chain fatty
acid methyl esters (C8:0 , C10:0 and C12:0 ) demonstrated antifeedant
activity. The eﬀectiveness of the three esters was shown to correspond to their carbon chain lengths, with the strongest antifeeding activity found for the C8:0 Me. Relatively higher toxicities of
C8:0 and C10:0 methyl esters are observed with less than 10 min
required for 100% of mortality, which can be useful to develop
a repellent formulation with additional toxic activity against stable ﬂies. In addition, medium chain fatty methyl esters are considered as antimicrobial agents and have been reportedly exhibited antimicrobial activity for oral organisms.52,53 This may add
additional beneﬁts helping cattle to battle diseases transmitted
by insects.54–56
In conclusion, three medium chain fatty acid methyl esters were
demonstrated to have strong blood-feeding deterrence against
stable ﬂies. They also displayed signiﬁcant toxic activity to stable ﬂy adults. These ﬁndings are important in the development
of more powerful stable ﬂy repellent formulations, not only with
eﬃcient antifeeding activity, but also possessing strong toxicities to kill ﬂies as further contact occurs. However, further ﬁeld
studies examining longevity of antifeeding activity and animal
safety of sprayable formulations containing these methyl esters
are necessary.
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