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Introduction 

This thesis consists of two papers focusing on the Australian weaver ants (Oecophylla smaragdina) 

antimicrobial activity. The first paper (Oecophylla smaragdinas ability to disinfect their food) 

consists of three individual studies. These studies emphasizes on the antimicrobial activity of O. 

smaragdina and how they utilizes this on food subjects. The first experiment (Tenebrio molitor 

battle) was conducted in order to test if O. smaragdina utilizes formic acid while handling living 

prey and if so what effect it has on fungus. The second and third experiment (pupa handling with 

active and chilled ants) was conducted in order to show the disinfecting properties of O. 

smaragdina on their food subjects and their environment. Three different response variables: pH 

value, bacterial growth and fungal growth were used in the experiments. PH value was used 

throughout all experiments whereas fungal growth was used as a response variable in the first 

experiment (T. molitor battle) and bacterial growth were only used in the two pupa experiments. 

The second paper focuses on potential use of O. smaragdina as a natural enemy against plant 

diseases which have not been researched to this date (as far as I know of). Just as the previous paper 

this paper has three individual studies. These studies focus on the ability of O. smaragdina to 

inhibit growth of Monilinia fructigena. The first experiment (The inhibitory activity of an ant body 

against M. fructigena) was conducted in order to test if the body of an ant had inhibitory effects on 
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M. fructigena. The second and third experiment (The inhibitory activity of diluted and concentrated 

formic acid) was conducted in order to test if it was the formic acid which had the inhibitory effects 

from the first experiment and also to test if formic acid by itself had inhibitory effects. Since both 

papers touched upon some of the same topics, parts of them are similar. 

 

Main findings 
 

1) O. smaragdina did indeed have antimicrobial activity against both bacteria and fungi. 

2) O. smaragdina utilized formic acid when battling live prey. 

3) O. smaragdina could potentially disinfect their food subjects. 

4) Bacteria living on or in O. smaragdina had inhibitory activity against M. fructigena. 

5) Formic acid in a concentration of 45% had strong inhibitory activity against M. fructigena. 

6) Formic acid in a concentration of 0.0045% did not have inhibitory activity against M. 

fructigena. 

 

Conclusion 
  

This thesis showcases antimicrobial activity of O. smaragdina. They possess antimicrobial activity 

against both fungi and bacteria which could enable long term storage of food subjects. Furthermore 

having antifungal activity against M. fructigena could enable O. smaragdina to be used as a natural 

enemy against plant diseases in agriculture.  
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Oecophylla smaragdinas ability to disinfect their food 

 
 

Abstract 

 

Storing food for ants faces two main problems: Firstly diseases can spread fast in these societies due 

to them having a high relatedness and living in high densities, secondly the stored food would be 

spoiled if bacteria and fungi would be allowed to grow. In order to investigate Oecophylla 

smaragdina’s (Australian weaver ant) disinfecting properties, three laboratory experiments were 

conducted. Live mealworm beetles (Tenebrio molitor) known to be infected by a fungus and pH 

paper were placed with ants in order to test usage of venom by O. smaragdina while foraging and 

the anti-fungal properties of the venom. Two other experiments were conducted in order to test the 

disinfecting activity of O. smaragdina on a dead food subject (fly pupa). The first experiment had 

active ants and the second experiment had chilled ants placed with pupa. Both beetle and fly pupa 

were washed in phosphate buffer solution after experiments. The solution was then transferred to 

petri dishes containing PDA (for the first experiment) or nutrient broth (for the second and third 

experiment). These were incubated and bacterial/fungal counts were performed. The first 

experiment showed that O. smaragdina utilized venom while foraging live prey (p < 0.0001) and 

antifungal properties (p = 0.0003). The second and third experiment did not show significant 

difference in regards to bacteria or fungi, but when control treatments were pooled together, 

significant difference between active ants and control treatments were found (p = 0.018). These 

results showcase anti-microbial activity, utilization of venom and possibly long term storage of food 

subjects by O. smaragdina. 
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Introduction 
 

     Diseases and parasites are an important selection pressure of host biology and population 

structures (Poulin & Morand 2000). Strong pressure from diseases and parasites can result in 

evolution of costly host defences in order to avoid infection and keep a high fitness (Brockhurst et 

al. 2004; Duffy and Sivars-Becker 2007). This has led to an array of defence mechanisms ranging 

from simple behavioral avoidance to the adaptive immune system of vertebrates (Hart 2011, Stow 

& Beattie 2007).  

     Living in groups comes with a lot of consequences since transmission of diseases and parasites 

are easier in high densities. The transmission of diseases and parasites to hosts is often density 

dependent, increasing linearly with density of both hosts and parasites (Anderson and may 1981). 

Density dependent rate of transmission is also known as the mass action assumption (McCallum et 

al. 2001). This means that adopting a group-living lifestyle increases the frequency of interaction 

with both members of the colony, but also with diseases and parasites since high densities is an 

invertible consequence of group-living. Transmission of diseases within a group would be further 

facilitated in groups that consist of closely related individuals (Hamilton 1964). It has been shown 

that in some species, individuals that have been reared in groups divert more resources to immune 

system development than when reared in solitude, as a consequence of group-living (Wilson et al. 

2002). Although group living has negative consequences in regard to disease and parasite loads, 

living in groups does have the benefit of group-level defences, such as shared use of antimicrobial 

secretions and allogrooming. This combined with individual level defences (such as avoidance) 

have shown to be an effective way of lowering disease and parasite transmission within group-

living insects (Hughes et al. 2002). 

     The most extreme form of group-living is eusocial insects. They are characterized by high 

densities, frequent interaction between individuals and close relatedness of individuals within 

groups. These traits coupled with a relative homeostatic nest environment and storage of resources 

(Schmid-hempel 1998) are all characteristics that facilitate transmission of diseases and parasites 

(Wilson et al. 2003). To defend against this, ants have evolved different mechanisms such as the 

metapleural gland (Mg), which evolved in an ancestral lineage (Yek & Mueller 2011). It is a gland 

unique to ants, producing chemical secretions inhibiting growth of fungi and bacteria (Fernández et 

al 2015). In some linages the Mg has been secondarily reduced such as in the Australian weaver ant 
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(Oecophylla smaragdina). This suggests that either pressure from diseases or parasites have been 

relieved or alternative defence mechanisms have evolved (Yek & Mueller 2011). O. smaragdina is 

an arboreal species that lives in nests woven together by silk produced by their larval brood, a trait 

unique to weaver ants (Johnson et al. 2003). Since O. smaragdina is an arboreal species it has been 

suggested that relief of fungus and bacteria, most abundant in soil have led to reduced investment of 

costly defences such as the Mg (Boomsma et al. 2005). Even though the Mg has been secondarily 

reduced in different lineages of ants, it has been shown that some of these ants possess the same 

disease resistance as ants with Mg (Graystock & Hughes 2011). 

     Usage of venom is a common occurrence in eusocial insects and can be seen in bees, wasps and 

ants (Vårdal et al. 2006). Venom of several social insects may contain antimicrobial properties and 

especially ants have evolved usage of venom beyond stinging (Moreau 2013).  The venom of ants 

has several functions such as: defence against predators or intruders, when foraging for living prey 

and self-medication (Kenne et al. 2000, Tranter & Hughes 2015). O. smaragdina forage in groups 

and utilize venom when fighting living prey. Returning food to a colony and the subsequence of 

storing food could expose a colony to diseases and parasites. Long term storage of food subjects 

would furthermore pose the problem of spoilage (Hammond et al. 2015). Since O. smaragdina have 

lost the Mg and thereby its disinfecting properties, usage of venom may be especially important in 

regards to disease and parasite resistance (Tranter & Hughes 2015). Venom produced by O. 

smaragdina along with other formicines is acidic and consists primarily of formic acid (Blum 

1992). O. smaragdina along with other formicines spreads their venom on themselves, brood and 

on their nest material when grooming (Graystock & Hughes 2011, Tranter & Hughes 2015), and it 

has been suggested that O. smaragdina uses their acidic venom to defend against bacteria and fungi 

(Tranter & Hughes 2015). O. smaragdinas venom should effectively inhibit growth or kill bacteria 

and fungi since lowering pH value is toxic to a wide array of fungi and bacteria (Rousk et al. 2010). 

Inhibition of bacteria and fungi could enable long term storage of food which corresponds to a 

linear relationship between available and removed prey. Three different functional responses have 

been described: Type 1, a linear increase in attack rate as the density increases; Type 2, an 

increasing attack rate that gradually plateaus; Type 3, following a sigmoidal function starting with 

an initial lag phase, followed by a near exponential removal, before leveling off to a constant attack 

rate (Morris et al. 2015). Since O. smaragdina displays a type 1 functional response (Fast et al. 

2015) long term storage of food may take place in this species. 
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     The purpose of this study is to investigate whether O. smaragdina’s utilizes its venom as a 

disinfectant when handling food subjects. Since O. smaragdina lack a Mg, it is suggested that their 

venom is of big importance in regards to protection against diseases. It is hypothesized that venom 

of O. smaragdina inhibits bacterial and fungal growth leading to preservation of food subjects.  

 

Methods 

 

     Three different experiments were conducted to investigate the disinfecting properties of O. 

smaragdina. The first experiment (Tenebrio molitor battle) was conducted in order to test if O. 

smaragdina utilizes formic acid while handling living prey and if so what effect it has on fungus. 

The second and third experiment (pupa handling with active and chilled ants) was conducted in 

order to show the disinfecting properties of O. smaragdina on their food subjects and their 

environment. Three different response variables: pH value, bacterial growth and fungal growth were 

used in the experiments. PH value was used throughout all experiments whereas fungal growth was 

used as a response variable in the first experiment (T. molitor battle) and bacterial/fungal growth 

were used in the two pupa experiments.  

 

Tenebrio molitor battle (experiment one) 

 

     To investigate usage of venom by O. smaragdina when handling living prey, as well as the anti-

fungal properties of their venom, a laboratory experiment was conducted. Twenty petri dishes were 

prepared by placing them in the middle of a photo tray with tap water. The lid from the petri dishes 

was filled with tap water and the bottom of the petri dish was placed on top of the lid. This was 

done to prevent petri dishes from floating in the photo tray. Each petri dish contained four pieces of 

pH papers and a live T. molitor imago beetle. These beetles were known to be infected by an 

unidentified fungus (observed from pilot experiments) and used as a model organism for the 

antifungal activity of ant venom. PH paper was used to detect if ants utilized formic acid when 

handling living prey. Ten petri dishes were randomly assigned as ant treatments and the remaining 

ten petri dishes acted as control treatments. In ant treatments 100 imago worker ants (ten in each 
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petri dish) were placed with a soft forceps in petri dishes for an hour. After an hour T. molitors were 

removed from ants (in most cases ants were still biting T. molitors and were removed by sliding 

forceps along legs or antennae of beetles and thereby separating ants and T. molitors). Each of the 

T. molitors were transferred into an eppendorf tube containing 500µL phosphate buffer solution (1 

Mol, pH = 7). In most cases beetles were still alive and were placed into phosphate solution alive. 

Eppendorf tubes were vortex shaken for ten seconds and 50µL was pipetted from each eppendorf 

tubes into its own petri dish containing potato dextrose agar (PDA) and smeared evenly around the 

surface. Petri dishes were incubated in the dark at 26 degrees Celsius for five days. Each petri dish 

was checked for growth of fungi by visual inspection every day.  

 

 

Pupa handling by active ants (experiment two) 

 

     To examine usage of O. smaragdinas venom as a disinfectant when handling inactive food 

subjects (dead pupae), a long-term laboratory experiment was conducted. Forty test tubes were 

prepared each containing tap water supply at the bottom separated from the upper dry part with a 

plug of cotton wool. The dry part contained a pH-indicator paper which had a Blue bottle fly pupa 

(Calliphora vomitaria) glued to the middle of it (glue consisted of a mixture of tap water and wheat 

flour). These pupae had been frozen at -18 degrees Celsius for a week to ensure that they would be 

dead. The reason behind using fly pupae was to prevent consumption of food subjects since ants 

could not bite through the outer layer. The top of the test tubes was plugged with a second piece of 

cotton wool. Twenty test tubes were randomly assigned to ant treatments and 20 to control 

treatments. In ant treatments 100 imago worker ants (25 from each of four colonies) were placed in 

20 test tubes (5 ants per test tube) with a soft forceps. In control treatments no ants were added to 

test tubes. Test tubes were incubated at approximately 27 degrees Celsius for 48 hours with a 

normal day and night cycle. After incubation time fly pupae were removed from test tubes and put 

into 20 eppendorf tubes each containing 1 ml of phosphate buffer solution (1 Mol, pH 7). The pupa 

and the solution were vortexed for ten seconds, 50 µL of the solution was transferred to a new 450 

µL buffer solution and again vortexed for 10 seconds. This was repeated two times to reach a 

1:1000 dilution. Fifty µL from the 1:1000 dilution series were transferred to and evenly distributed 
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in each of 40 petri dishes containing a mixture of ager and nutrient broth (nb I). They were 

incubated at 27 degrees Celsius for 22 days in darkness. Every second day bacteria/fungi colony 

growth was conducted by visual count. Each new germ was marked by making a dot with a black 

marker, right underneath germs. All work done with microbes was conducted near an open flame to 

ensure that no germs would land in petri dishes. Forceps was sterilized with ethanol and fire before 

and after each pupa was handled. Unfortunately the pupa from control treatment eight broke while 

being handled by forceps and was excluded from counting of bacteria/fungi.  

 

 

Figure 1: Setup for both the active and chilled experiments 

 

Pupa handling by ants when chilled (experiment three) 

 

     The active ants in the former experiment sprayed formic acid as a defence mechanism while 

being placed in test tubes so to test the disinfecting properties of O. smaragdina in a more calm and 

static state while not spraying formic acid a second laboratory experiment was conducted. This was 

done in order to test O. smaragdina’s environmental effect while being calm. Differences from the 

second experiment was that ants were chilled at five degrees Celsius until movement was at a 

minimum or stopped completely before they were put into test tubes. Collecting ants was done by 

filling photo trays with tap water and placing a deep plate turned upside down in the middle of the 

photo tray. This was done to ensure that ants would not escape. Ants were collected from colonies 

by a soft forceps and put on top of plates. A total of four photo trays with one plate in each of them 

were used. Ants were transferred to a cooling unit to be chilled before being placed in test tubes and 

then repeating same procedure as the previous experiment.   
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Statistics 

 

     A Goodness-of-fit test (Shapirowilk W test) was used to test whether data followed a normal 

distribution, including: pH values in all of the experiments and bacterial/fungi counts. Tests for 

differences in pH between treatments in each of three experiments were conducted using a non-

parametric Wilcoxon test. To test for differences in presence or absent of fungi in the T. molitor 

battle experiment a Pearson test was performed. Testing if there were significant differences 

between bacterial/fungi count within experiment two and three, between experiment two and three 

and when control treatments were pooled together, a non-parametric Wilcoxon each pair test was 

performed. Significance level of all tests was set to 0.05 and all statistical tests were done in Jmp 

13.0.0.    

 

Results 

 

Tenebrio molitor battle 

 

   PH value did not change after exposing pH paper to T. molitors, which mean that T. molitor by 

itself did not have an acidifying effect. When ants were fighting T. molitors a substantial lowering 

of pH occurred. PH ranged from 1-2 (table 1) with an average pH value of 1.5 when ants were 

fighting T. molitors compared to an average pH value of 5 in control treatments (corresponding to 

the default color of pH paper). The Wilcoxon test showed significant difference in pH (Chisquare = 

16.89, N = 20, p < 0.0001). Growth of fungus was present in all treatments without ants (figure 2) 

whereas growth of fungus was almost entirely inhibited and only present in two samples when ants 

were present. When fungus was observed it would cover the entire petri dish (figure 2). A Pearson 

test showed significant difference between treatments (Chisquare = 13.33, N = 20, P = 0.0003) in 

regards to fungal growth.  
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Tabel 1: With ants pH column shows the pH value after ants have been fighting a beetle for an hour. Without ants pH column 

show the pH value for beetles without ants for an hour. A pH of five was the default pH value. Lowest pH value of the four pieces 

was chosen as a representative of pH value. Fungus columns show whether fungus was present (+) or absent ( -). The second to 

last row shows the average pH value for beetles fighting ants and beetles without ants and the last row shows the standard 

deviation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 1 5 - + 

2 1 5 - + 

3 2 5 - + 

4 1 5 - + 

5 2 5 - + 

6 2 5 + + 

7 2 5 - + 

8 1 5 - + 

9 1 5 - + 

10 2 5 + + 

Avg. 1.5  

σ = 0.527 

5  

σ = 0 
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Figure 2: When fungus grew (all of the treatments with fungus looked similar to this). 

 

Pupa handling by active and chilled ants 

 

     When ants were active (experiment 2) average pH value was lowered to 2 compared to control 

treatments which pH did not change except in five cases with values of 4 (Table 3). Significant 

difference in pH values between active ants and their control treatments were found (chisquare = 

26.770, N= 39, p = 0.001). When ants were chilled (experiment 3), pH values only changed in eight 

ant treatments. In these average pH values was lowered to 3.5 whereas no pH change was observed 

in their control treatments except for 2 instances (table 3). No significant difference was found 

between chilled ants and their control treatments (chisquare = 2.464, N = 40, p = 0.117). The 

disinfecting properties of ants when active was not significant either (chisquare = 2.778, N = 39, p = 

0.096) compared to its control treatments. Average number of bacteria/fungi germs in treatments 

with active ants was approximately three whereas average for treatments without ants was 

approximately 27. The big difference in bacteria/fungi germs can in part be explained by a few high 

germ counts in control treatments. Even though difference in germ counts could be explained in 

some part due to two high counting’s, average germ count was six when excluding two abnormally 

high counts, which is double the amount of bacteria/fungi compared to the active ant treatments. 

Average bacteria/fungi count was 12 germs for ants when chilled compared to its control treatment 

at 151, but this could also be contributed to a few high bacteria/fungi germ counts. When excluding 

abnormally high bacteria/fungi germ counts, average germ count were 23 for control treatments 

which are approximately double the amount compared to chilled ant treatments. Due to a clear 
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tendency of approximately double the amount of bacteria/fungi found on control treatments 

compared to their given experiment (active and chilled ants) pooling control treatments together 

was performed to see if lack of significance could be contributed to a lack of sample size in control 

treatments. To see if it was possible to pool control treatments together, difference in significance 

was tested (ChiSquare = 1.086, N = 40, p = 0.297). Since no significance difference was found, 

pooling of control treatments was performed. This could be done due to the fact that control 

treatments were made in the same manner as each other (which means that 39 control treatments 

were pooled together). No significant difference were found between chilled ants and control 

treatments (ChiSquare = 0.818, N = 69, p = 0.366), but significant difference between active ant and 

control treatments were found (Chisquare = 5.57, N = 69 , p = 0.018).   
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Tabel 2: Number of bacterial colony growth at a dilution factor of 10-3. The two last rows show the average value and 

standard deviation of bacteria/fungi colonies of active ants, active control, chilled ants and chilled control with σ indicating 

the standard deviation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 0 13 17 69 

2 1 2 30 3 

3 2 0 13 0 

4 0 39 0 3 

5 1 0 0 0 

6 1 0 3 1110 

7 2 0 63 0 

8 1  96 17 

9 0 244 12 0 

10 0 2 2 0 

11 0 0 0 24 

12 25 170 0 0 

13 36 0 2 59 

14 0 0 0 103 

15 0 1 0 1500 

16 0 21 1 1 

17 0 2 11 30 

18 0 0 0 0 

19 0 2 0 5 

20 0 30 0 99 

Avg 3.45  

 

27,68  

 

12,5 

 

151,15  
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Table 3: Table three shows the pH value for experiment two (active ants) and three (chilled ants). The  two last rows show the 

average pH value and standard deviation of active ants, active control, chilled ants and chilled control with σ indicating the 

standard deviation. The high pH of 7 in on of the chilled ants experiment was due to condensation of the water supply in the 

test tube which affected the pH and the lacking pH value in the active ants pH was due to the pupa bursting while being 

handled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 4 4 1 5 

2 3 4 5 5 

3 2 4 5 4 

4 2 4 4 5 

5 2 4 5 5 

6 4 5 5 5 

7 1 5 1 5 

8 4 
 

5 5 

9 2 5 5 5 

10 2 5 3 5 

11 2 5 5 5 

12 4 5 7 5 

13 3 5 4 4 

14 4 5 5 5 

15 3 5 4 5 

16 1 5 5 5 

17 2 5 5 5 

18 1 5 4 5 

19 1 5 5 5 

20 1 5 5 5 

               Avg 2,4 4,74    4,4 4,9 

                σ                     1.14                          0.45                      1.39                           0.31 
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Discussion 

 

     These results shed light on O. smaragdina’s chemical defences against bacteria and fungi. The 

first experiment (T. molitor battle) showed that pH changed in ant treatments compared to control 

treatments which did not change suggesting that O. smaragdina utilizes venom to subdue their prey 

items. Since average pH was lowered to 1.5 in ant treatments, venom of O. smaragdina consisted of 

a highly acidic compound, inhibiting fungus in most ant treatments. When measuring pH values for 

pupa handled by active ant’s significant difference were found between ant and its control 

treatments, but no significant difference was found when measuring pH value of pupa handled by 

chilled ants and its control treatments. Venom utilized by O. smaragdina also had antimicrobial 

activity on bacteria. When measuring the disinfecting properties of O. smaragdina (chilled and not 

chilled) no significant differences were found within and between experiments in regards to bacteria 

and fungi. But when control treatments were pooled together significant difference between active 

ants and control treatments were found. Pooling control treatment was performed due to two 

reasons. The first reason was due to a clear tendency found between control and ant treatments. 

Double the amount of bacteria was found on control treatments compared to ant treatments. The 

second reason to pool control treatments together was that methodologies used in both of the 

experiments were identical in regard to control treatments and these were not significantly different 

from each other.  

     The experiment T. molitor battle had clear results in regards to usage of ant venom when 

foraging and inhibition of fungi. PH values ranged from 1-2 and averaged a value of 1.5 for ant 

treatments compared to an average of 5 in control treatments. Fungal diversity have been tested in a 

pH interval of 4-8.3 and have shown to be highest at a pH interval of 4.5-5.5 and decreasing by a 

factor of about 2-3 towards both low and high ends of the pH gradient, reaching minimum diversity 

at a pH value of 4 and 8.3 in both the minimum and maximum values within this experiment 

(Rousk 2009). It could be theorized that even lower fungal diversity would have been found in the 

extreme ends of the pH scale. Only two out of ten petri dishes in ant treatments showed signs of 

fungal growth whereas all of the petri dishes in control treatments had fungal growth, showcasing 

O. smaragdinas strong inhibiting activity against fungus.  
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     The main component of ant venom is formic acid with a pKa value of 3.75 and a total of 60 % of 

the venom can consist of formic acid (Tragust et al. 2013, Blum 1992). Since pKa value of formic 

acid is 3.75 (Blum 1992) low pH value found in T. molitor battle cannot all be accounted for by 

formic acid alone. This could either mean that there is a synergistic effect with other compounds in 

ant venom lowering pH values or it could be that venom is reacting with the beetle’s cuticle, 

lowering pH values. It could also be an effect of the pH paper not indicating correct values. 

Regardless of this other studies have shown that venom of O. smaragdina has anti-fungal properties 

(Tranter & Hughes 2015). The anti-fungal property has been shown to hold a high value in regards 

to disease resistance. Blocking O. smaragdinas venom gland leads to a higher susceptibility to 

Metarhizium with individuals having their glands blocked suffering lower survival rate when 

infected with an entomopathogenic fungus (Tranter & Hughes 2015). Even though low pH values 

can account for much of the anti-fungal properties of O. smaragdina other studies have shown that 

different factors than pH affects the anti-fungal properties. A mixture of hydrochloric and sulphuric 

acid (pH 2.5) did not result in the same inhibition of fungal germination compared to when the 

entomopathogenic fungus was exposed to venom of Lasius neglectus (Tragust et al. 2013) 

suggesting that ant venom consists of more antimicrobial agents than just lowering the pH value 

(formic acid). A big constitution of the venom in O. smaragdina is undecane which makes up 

around 40 % of the Dufour gland secretion (Bradshaw 1979), and combined with formic acid makes 

for a strong behavioral alarm signal (Löfqvist 1976). Undecane does not have antimicrobial 

properties on its own (Dani et al. 2000) but could have a synergistic effect when coupled with other 

gland secretions. Formic acid and other acids alike can in combination with other short chained 

acids amplify the effective pH changes, which could explain low pH value found in this study, or 

other gland secretions could act as a delivery agent by wetting and thereby amplifying the 

effectiveness of acids (Schildknecht and Koob 1971; Ortius-Lechner et al 2000).   

     A big difference in pH was found in the active and chilled ant experiments. When ants were 

forced into test tubes by a soft forceps they tended to spray formic acid and by doing so they had an 

immediate effect on the pupa. When ants were put into test tubes after being chilled they did not 

have the same inhibition on bacteria/fungi and in most cases they did not spray formic acid. The 

chilled ant experiment was performed to see if the disinfecting property of O. smaragdina was a 

passive effect whereas the active ant treatment was performed in order to test the disinfecting 

properties of a foraging ant (much like the T. molitor battle, but not as much emphasis on fungus). 

A passive effect could stem from different gland residues which could have had an inhibiting effect 
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on bacteria/fungi since low pH value alone could not explain all of the inhibition of the 

entomopathogenic fungus used in Tranter & Hughes experiment (Tragust et al. 2013). Since ants 

spread venom on themselves (Graystock & Hughes 2011) residues from this could inhibit bacteria 

and fungi on their food subjects. Lack of significance in pH values found when ants were chilled is 

odd, since it has been shown that O. smaragdina acidify their environment to a pH of around 5 

(Tranter & Hughes 2015). This effect could have been masked since default pH on the paper was 5.  

   Even though effects were not as strong when ants were chilled compared to active ants in regard 

to pH value, a clear tendency of half as much bacteria/fungi compared to its respective control 

treatment was found. Differences in bacteria/fungi could possibly be explained by low pH 

differences found in the active ant experiment and is not surprising since bacteria/fungi are strongly 

inhibited at low pH values (Rousk 2009). Surprisingly no significant difference in bacteria/fungi 

was found in both experiments (Chilled and active ants) except when control treatments were 

pooled together indicating a lack of sample size. This could also indicate that O. smaragdina do not 

allocate as much protection against bacteria/fungi when presented in a new environment or that a 

possible passive effect would need to be tested for over a longer period of time. A big portion of 

control treatments showed that no bacteria/fungi were found which is highly unlikely. This might be 

explained by the solution being too diluted. Having diluted the solution a 1000 times could have 

masked the antimicrobial activity of O. smaragdina’s venom. A lower dilution series could have 

been used, but previous experiments have shown that too much bacterial/fungal growth would have 

occurred at a lower dilution series and would have complicated counting of bacteria colonies. Since 

average pH value for treatments with active ants was 2.4 a strong inhibition of bacteria/fungi would 

have been expected. 

   Usage of nutrient broth (NB1) might also explain some of the results found in both chilled and 

active ant treatments. This growth media only allow a certain amount of bacterial/fungal growth 

(Kai Finster verbal meeting 2016). Pathogenic human microbes along with other (as far as I know 

and have been told) were not able to grow on the media meaning that this growth media did not 

allow for the full diversity of microbes of the pupa to grow. Lack of significance in the active and 

chilled ant experiments could have been a result of restricted growth of certain microbes since 

venom of O. smaragdina could have inhibited certain microbes and not others. It has to be noted 

that no growth media allow for the full diversity of microbes to grow and therefor restriction would 

always have occurred.     
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     The first experiment (Tenebrio molitor battle) showed that O. smaragdina utilize formic acid 

while foraging for live prey. Utilizing formic acid while foraging would have several beneficial 

values. Firstly it aids them in subduing their prey. Secondly by subduing their prey with formic acid 

they also disinfect their food subjects since T. Molitor battle showed that ant venom inhibited 

fungus and active ants showed inhibition of both bacteria and fungi. This coupled with the fact that 

O. smaragdina lowers pH values in their nest to a pH value of around 5 (Tranter & Hughes 2015) 

could enable long term storage of food subjects. It has been shown that a linear relationship 

between available and removed prey in O. smaragdina exists suggesting a type I functional 

response (Fast et al. 2015) which strengthens the argument of O. smaragdina’s ability to store food 

for longer periods.  

     Use of O. smaragdina as a natural enemy can be dated back to the fourth century AD in southern 

China and knowledge of functional response would improve utilization of O. smaragdina in 

biological control (Barzman et al. 1996, Huang and Pei 1987). Understanding functional responses 

is a helpful management tool in biological control since modulating effectiveness of ants and 

utilizing them at their full potential relies in part on knowledge about functional responses. Since no 

saturation is met suggesting that O. smaragdina is just as good at controlling high and low pest 

densities. The disinfecting properties of O. smaragdina in regards to fungi and bacteria could also 

benefit control of diseases in agriculture. Since they control pH value of their environment and 

especially around and in their nests this could inhibit plant disease outbreaks. Furthermore a lot of 

diseases are spread via insects which also could be prevented by O. smaragdina disinfecting their 

food subjects due to them subduing their prey with venom and by doing so inhibiting diseases 

linked to insects.     

     Venom of O. smaragdina holds antimicrobial effects against both fungi and bacteria and it could 

be interesting to conduct more research into effects of ant venom and its effect on plant diseases 

since O. smaragdina is one of the few arthropods shown to actually increase yields when used as a 

biological agent (Offenberg 2015). Focusing on diseases affecting plants would be of high value 

and interests and possibly an effective way of combating diseases. But research into ant’s ability to 

combat plant diseases in agriculture has never been done (as far as I am aware of) so it would be a 

new discipline of research. Since O. smaragdina has retained disinfecting properties on par with 

ants retaining the metapleural gland, an understanding of evolutionary perspective for the secondary 
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reduction of the Mg is also of interest due to parasites and diseases being a big concern in high 

density societies.  

 

Conclusion 

 

   The purpose of the study was to investigate if O. smaragdina utilized venom as a disinfectant 

when handling their food subjects and the possibility of them being able to store food for longer 

periods. PH values in the first and second experiment (T. molitor battle and pupa handling by active 

ants) showed a significant reduction indicating usage of venom. Fungus was furthermore 

significantly inhibited when battling T. molitor and both fungi and bacteria was inhibited when 

pupa was handled by active ants which indicates that long term storage of food resources would be 

possible for O. smaragdina.  
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Inhibitory activity of Oecophylla smaragdina against Monilinia fructigena 

 

 

Abstract 

 

   Insect pests can have a detrimental impact on farming yields in agriculture. Ants (especially 

Oecophylla smaragdina) have shown to increase yields in agriculture by controlling pest insects but 

the ability to combat plant diseases have not yet been shown. In order to investigate the ability of 

ants to fight  plant diseases by using O. smaragdina as a model organism for ants and using 

Monilinia fructigena as a model organism for plant diseases three laboratory experiments was 

conducted. Experiments was conducted in order to test which antimicrobial activities the body of 

ants had with the first experiment having a crushed ant mixed together with 100µL of water and the 

two following experiments had formic acid in two different concentrations (a 45% and a 0.0045% 

formic acid solutions) pipetted on to glass filter papers and placed in petri dishes containing PDA 

(potato dextrose agar). Each petri dish had M. fructigena evenly distributed and incubated.  The first 

experiment had bacteria or mould growing in all ant samples (33 with bacteria and 7 with mould) 

with inhibition of M. fructigena being significant different from their control treatments (N= 80, p < 

0.0001). The diluted formic acid experiment did not show any inhibition (in fact no variation at all) 

whereas the concentrated formic acid experiment showed significant difference in inhibition 

compared to control treatments (N = 68, p < 0.0001). This shows that the body and formic acid of 

O. smaragdina proved to have anti-microbial activity against M. fructigena.  
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Introduction 

 

   Ants live in closely related high densities groups. These traits possess significantly threats to a 

colonies health since it exposes the colony to diseases and parasites (Schmid-Hempel 1995, 

Boomsma et al. 2005). Eusocial insects have evolved individual-level defences against diseases, 

such as the physiological immune response just as in other animals, but they also benefit from 

having group-level defences. These include allogrooming and shared antimicrobial secretions which 

are traits that are effective at removing parasites and diseases (Rosengaus et al. 1998, Hughes et al. 

2002). Usage of antimicrobial secretions is advanced in ants and is secreted from several exocrine 

glands (Fernández et al. 2015, Yek & Mueller 2011). One of these glands, the metapleural gland 

(MG), is unique to ants (Yek & Mueller 2011). This gland has disinfecting properties with 

secretions highly acidic (Maschwitz 1974) and antimicrobial activity may be largely due to acidity. 

The MG may have originated in an ancestor to the Formicidae but have since then been secondarily 

lost in diverse linages, most notably within the subfamilies Formicinae and Myrmicinae (Taylor 

2007, Hölldobler & Engel-Siegel 1984). Loss of the MG suggests that either a relaxation of parasite 

and disease pressure or development of alternative form of defence mechanisms have been evolved 

in these subfamilies and especially in the genera Polyrhachis, Camponotus and Oecophylla with 

several species having secondarily reduced the MG (Yek & Mueller 2011).  

   Usage of venom in social insects is common but it is in ants that venom has evolved beyond 

stinging (Vårdal et al. 2006, Moreau 2013). Venom of social insects possesses antimicrobial 

properties and has been shown in many occasions (Moreau 2013, Tranter & Hughes 2015). 

Oecophylla smaragdina (Australian weaver ant) along with other formicines produce acidic venom 

which can contain up to 60% formic acid (Blum 1992). They are known to have an enlarged venom 

gland and spread their venom while grooming themselves, their brood and their nest material 

(Graystock and Hughes 2011, Tranter & Hughes 2015). Since these ants have lost antimicrobial 

secretions from the MG, utilization of venom may be particularly important in disease and parasite 

protection and could be an alternative defence mechanism. Lowering pH value is an effective way 

of inhibiting both bacteria and fungi (Rousk et al. 2009) and has been suggested to be an important 

property of O. smaragdina’s ability to combat diseases (Tranter & Hughes 2015) 

   Ants have shown to play an important role as a biological control agent against various insect 

pests in different agricultural cropping systems (Offenberg et al. 2013, Offenberg 2015). Successful 
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control of pest insects by ants as a natural enemy can be attributed to unique characteristics of ants 

since they work as superorganisms which distinguish them from other natural enemies (Offenberg 

2015). Some of these superorganism characteristics include the ability of ants to rapidly recruit nest 

mates to high prey densities (Risch and Carrol 1982, Maňák et al. 2013) and they often show 

territorial behaviour making them defend and deter pest larger than the size of potential prey 

(Goheen & Palmer 2010). Furthermore, most ants are generalist predators which often have a 

polymorphic worker force. This enables predation on a varied range of prey types and life stages of 

insects with small workers capable of handling things such as eggs and larger workers being able to 

handle larger prey (Suenaga 2017).  

   O. smaragdina is perhaps the first example of human manipulation of a natural enemy population 

enhancing biological control of pest insects (Barzman et al. 1996). This species is one of few 

natural enemies that have actually proven to increase yields when used as a biological control agent 

(Offenberg 2015). Even though utilization of weaver ants is well known in regards to pest control, 

usage of weaver ants in regards to controlling diseases have not been investigated (as far as I am 

aware of). In yet to be published data from Offenberg significantly lower amount of Monilia 

fructigena was found on Collina (apple sort) when Formica polyctena (red wood ants) were able to 

forage on examined apple trees. M. fructigena is a fungus commonly known as apple brown rot, 

which under favourable conditions causes severe losses and damage to fruit crops pre- and 

postharvest (Ogawa et al. 1995). This fungus is one of the most important diseases of pome and 

stone fruit worldwide (Byrde and Willettes 1977). In a severely infected cider apple orchard in UK, 

35.5% of fruit was infected by M. fructigena (Burchill & Edney 1972) and M. fructigena causes 

losses of up to 5% of apples in UK stores (Preece 1967). The severity of losses due to M. fructigena 

varies greatly from year to year, due to differences in weather and brown rot infection is mainly 

associated with wounds on fruits (Byrde & Willetts 1977), with resistance to infection increasing 

with age of the wound (Xu and Robinson 2000).   

   The purpose of this study was to investigate the antimicrobial activities of O. smaragdina’s body 

and the possibility of using them as natural enemy against agricultural diseases by using M. 

fructigena as a model organism. It is hypothesized that the body of O. smaragdina and formic acid 

has antimicrobial activity against a wide array of bacterial and fungi diseases and in this experiment 

the model organism M. fructigena was tested.   

 



31 
 

Methods 

 

Collection of Monilia fructigena  

 

   Collecting M. fructigena was done in early winter by collecting apples infected by this fungus. 

Apples were collected in a garden in Skæring, East Jutland, Denmark, and brought back to the 

laboratory. In the laboratory conidia was scraped from the surface with an inoculation loop and 

transferred to petri dishes containing PDA and incubated at 27 degrees Celsius in the dark. When 

signs of M. fructigena hyphae appeared (done by visual recognition), hyphae were isolated and 

transferred to a new sterile petri dish containing PDA. This was repeated until no other microbes 

were observed in samples. Pure cultures of M. fructigena were chilled in a cooling unit at five 

degrees Celsius for further use and to halt growth and decay. The first experiment used M. 

fructigena which had been stored in a fridge for two month. 

 

The inhibitory activity of an ant body against Monilia fructigena  

 

   This experiment was conducted to test if the body of ants had antimicrobial properties. A 0.5 cm2 

of PDA was cut from a petri dish covered with M. Fructigena (from the above mentioned culture) 

and transferred to the middle of a new sterile petri dish containing PDA. The new petri dish was 

then incubated in the dark at 26 degrees Celsius for seven days. After incubation time, petri dishes 

were filled with five ml of sterilized demineralized water and the surface was carefully scraped with 

an inoculation loop to dislodge hypha of M. fructigena. Fifty µL of the suspended solution was 

added and evenly distributed with an inoculation spreader in each of 20 petri dishes containing 

PDA. These petri dishes were prepared in the same manner as a modified Kirby-Bauer assay (Bauer 

et al. 1959). This means that each petri dish was separated into four segments. Each segment had a 

10 mm diameter round sterilized glass microfiber filter paper disc placed in the centre with a 

sterilized forceps. Forceps was sterilized after each use by dipping it in 70% ethanol and burned 

afterwards. Two of the segments acted as control treatments and each of these groups had 20µL of 

sterilized demineralized water pipetted on top of the discs. On the two remaining discs, 20µL of a 
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solution consisting of crushed ant body and demineralized sterilized water was added. The ant 

solution was made by mixing 100µL of sterilized demineralized water with an ant (O. smaragdina) 

into an eppendorf tube. A metal ball was added to the tubes and placed into a tissurelyzer II for 30 

seconds (with a start frequency of 15/s and then increased to the maximum speed at 30/s). The 

metal ball was used to crush ants and by doing so creating a homogenized liquid. After addition of 

ant solution, petri dishes were incubated in the dark for six days at 26 degrees Celsius. When 

growth of M. fructigena was observed each petri dish was analysed by visual observation for an 

inhibition ring every day. An inhibition ring was defined as a full circle or half a circle of inhibition 

around the discs and is easily seen in figure 1. 

 

The inhibitory activity of concentrated formic acid 

 

   To test if formic acid would inhibit growth of M. fructigena a laboratory experiments was 

conducted. The laboratory experiment was very similar to the previous described experiment, but 

with some small differences: Instead of using M. fructigena that had been stored for two month, M. 

fructigena which have been stored for four month was used and instead of adding ant solution, 

formic acid (98-100% formic acid, Merck and with the assumption of it being 100%) was added. 

Formic acid solution was made with a ratio of 23.9µL formic acid mixed together with 53µL of 

sterilized demineralized water corresponding to a 45% formic acid solution. Originally only two 

experiments was planned (Inhibitory activity of an ant body against M. fructigena and diluted 

formic acid) but due to a calculation error this experiment had a concentration of 45% formic acid 

instead of 0.0045% formic acid. When this was noticed the experiment had already been performed 

but since it could be compared to other studies it was included and used in further discussion.  

 

The inhibitory activity of diluted formic acid 

 

   Bacteria was found growing on 33 out of 40 filter papers disc with seven remaining filter paper 

discs having mould growing in the ant treatments during the inhibitory activity of an ant body 
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experiment so a laboratory experiment was conducted to test if bacteria, formic acid or a 

combination of both had inhibiting effect in the ant crushing experiment. This experiment was 

prepared in the same way as the concentrated formic acid experiment but with a few differences. M. 

Fructigena used in this experiment was stored for six month compared to previous experiment 

(Concentrated formic acid) with M. fructigena having been stored for four month. M. fructigena 

used in this experiment was taken from the same culture in stuck as the concentrated formic acid 

experiment. Due to time pressure, incubation of M. fructigena was shortened from seven to five 

days and instead of having 17 ant and control treatments, 20 of each treatment were made to have a 

stronger analysing power. Perhaps the most important difference between the two experiments 

(concentrated and diluted formic acid) was the concentration of formic acid in the solutions. This 

experiment was prepared with the same amount of formic acid as an ant would contain, mimicking 

the ant crushing experiment. Each ant (intermediate sized workers) contains approximately 29.1 

mg/g formic acid in fresh tissue (Vidhu & Evans 2015) and an ant weighted 0.0189g. One litre of 

formic acid was equivalent to 1.22 Kg which means that on average an ant contained 0.451µL 

formic acid. Formic acid corresponding to an ant was diluted into 100µL sterilized demineralized 

water (a ratio of 0.451µL acid per 100µL water corresponding to a 0.0045% formic acid solution 

whereas the other experiment had a ratio of 23.853µL formic acid per 53µL of water corresponding 

to a 45% formic acid solution).  

 

Statistics 

 

   Throughout the experiments a Fisher’s exact test was used to test for significance between the 

treatments in regards to inhibition on discs. Each disc was classified as either inhibited or not 

throughout three experiments. Since each petri dish had two ant and control treatments another test 

was performed to test if this had an effect on results to avoid pseudo replication (discussed later). In 

this test two ant and control treatments in each petri dish was pooled so each petri dish had one ant 

and one control treatment. It was analysed conservatively which means that both discs had to show 

inhibition to be characterized as inhibited. All statistical tests were done in JMP 13.0.0. Significance 

level was set to 0.05. 
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Results 
 

Inhibitory activity of an ant body against M. fructigena 

 

   In 25 out of 40 cases inhibition of fungal growth was found in treatments with ant solution 

whereas no inhibition was found in control treatments (table 1). The Fisher’s exact one tailed test 

showed significant difference between ant solution and control treatments (N= 80, p < 0.0001). 

When no inhibition was observed, M. fructigena grew over bacteria covering discs completely 

(figure 2). In ant treatments bacteria and growth of mould were observed 33 and 7 times, 

respectively; whereas neither bacteria nor mould were found in any of the control treatments (table 

2). Inhibition was observed in 18 out of 33 bacteria samples corresponding to 55.5% and in every 

mould sample inhibition was found corresponding to 100%. When bacteria were observed it would 

either cover most of the discs or grow beyond the discs (figure 1). In every instance mould was 

observed it grew on- and beyond discs (figure 1). The new Fisher’s exact one tailed showed that the 

results was significant after pooling treatments (N= 40, p < 0.0001) and thereby avoiding questions 

of pseudo replication. 

 

Table 1: Effects of a weaver ant body treatment on M. fructigena. Ant was filter paper containing 20µL of liquidized ant and the 
control contained 20µL sterilized demineralized water. Inhibition is either a full inhibition ring around the filter paper or 
inhibition to some degree around the filter paper. No inhibition means that no inhibition was found around the filter paper.  

 Inhibition No inhibition 

Ant 25 15 

Control 0 40 
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Table 2: Number of glass filter papers containing either bacteria or mould. Ant was filter paper containing 20µL of liquidized ant 
and the control contained 20µL sterilized demineralized water. Bacteria and mould are filter papers containing bacteria or mould 

and nothing are filter paper containing neither mould nor bacteria. Numbers in brackets refers to inhibition found around the 
filter papers.  

 

 Bacteria Mould Nothing 

Ant 33 (18) 7 (7) 0 

Control         0       0        40 

 

Figure 1: Growth of mould and bacteria when looking at the inhibitory activities of the ant body with the first picture showing 
mould and the second picture showing bacteria.  
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Figur 2: When no inhibition was observed. M.fructigena grew over the discs with bacteria (crushed ant body) and the control 
treatments. 

 

Concentrated formic acid 

 

   When formic acid was concentrated (concentration at 23.9µL formic acid/ 53µL water 

corresponding to 45%) inhibition was found in 28 out of 34 formic acid treatments (82.4% 

inhibition) whereas no inhibition was found in control treatments (table 3). A fisher’s exact one 

tailed test showed significant difference (N = 68, p < 0.0001) between formic acid and control 

treatments. PH value of the formic acid solution was 2. Just as the inhibitory activity of an ant body 

experiment another test was performed to test if groupings of two formic acid and control 

treatments in each petri dish could have had an effect on each other. Same analyses with same 

criteria was performed with significant difference (N= 34, p < 0.0001).   

Table 3: Ant was filter paper containing 20 µL of liquidized ant and the control contained sterilized demineralized water. 

Inhibition is either a full inhibition ring around the filter paper or inhibition to some degree which can be seen in figure 3. No 
inhibition means that no inhibition was found. 

 

Inhibition No inhibition 

Ant 28 6 
 

Control 0 34 
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Figure 3: Concentrated formic acid experiment with inhibition of M. fructigena. F shows the formic acid samples and v shows the 

water samples.  

Diluted formic acid 

 

   When formic acid was diluted (0.45µL/ 100µL water corresponding to 0.0045%), no inhibition 

was observed between formic acid and control treatments (table 4). Since no variation was found no 

statistical analyses were performed. PH value of the formic acid solution was 2 after mixing it with 

100µL water. 

 

Table 4: Ant was filter paper containing 20µL of liquidized ant and the control contained sterilized demineralized water. 
Inhibition is either a full inhibition ring around the filter paper or inhibition to some degree. No inhibition means that no 
inhibition was found. 

 

Inhibition No inhibition 

Ant 0 40 
 
Control 0 40 

 
   



38 
 

 

Figure 4: Diluted formic acid experiment with no inhibition of M. fructigena. The m shows the formic acid sample and the v 
shows the water samples. 

 

 

Discussion 
 

   This study documents inhibiting effects of O. smaragdina’s body on M. fructigena. Crushed ant 

bodies had inhibiting effects on M. fructigena and most likely were due to bacteria which grew on 

almost every ant solution sample since formic acid corresponding to a crushed ant did not have 

inhibiting effects (diluted formic acid). Even though diluted formic acid did not have inhibiting 

effects on M. fructigena, a more potent concentration of formic acid did prove to have strong 

inhibition. 

   When ants were crushed and pipetted onto glass filter paper discs strong inhibition was found. As 

mentioned above, bacteria grew in 33 out of 40 samples. Inhibition of M. fructigena was not seen 

without bacteria nor mould which could suggest that inhibition was caused by bacteria or mould 

linked to O. smaragdina or another mechanism attributed to O. smaragdina could have caused 

inhibition since bacteria or mould were present in all ant treatments but not found together. 

However, to my knowledge a bacterial relationship with O. smaragdina has not been recorded in 

the literature. Bacteria found in or on O. smaragdina could live in a mutualistic relationship and 

might be used to defend against unwanted microbes causing diseases. It is not uncommon for ants 

to have mutualistic relationships with bacteria. Acromyrmex echinatior (leafcutter ant) is well 

known to have mutualistic bacteria (Actinobacteria) located on their laterocervical plates of the 
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propleura which have antimicrobial properties and are utilized to keep parasitic fungus in their 

fungus gardens away (Andersen et al. 2013, Cafaro & Currie 2005). Actinobacteria and other 

bacteria have been known in many instances to have antifungal and antibacterial relationships with 

insects (Arango et al. 2016, Kaltenpoth et al. 2005, Teixeira et al. 2008) such as with the beewolf 

protecting its larval cocoons by transferring symbiotic bacteria to the cocoons which have 

antifungal and antibacterial activity (Kaltenpoth et al. 2010). The symbiotic relationship between 

insects and bacteria is under research and recent research has revealed several fascinating protective 

insect-actinobacteria associations (Kaltenpoth 2009). Inhibition of M. fructigena could also be due 

to competition for nutrients with bacteria found on or in O. smaragdina, however this is not the 

most plausible explanation since an inhibition circle around bacteria was observed and if this would 

have been the explanation, growth of M. fructigena would have been observed bordering bacteria. 

Regardless of mechanisms behind inhibition it would be interesting to identify bacteria found on or 

in O. smaragdina since this could be a newly discovered relationship between ants and bacteria. 

Having an antimicrobial mutualistic relationship with bacteria could benefit O. smaragdina’s 

disease resistance against parasitic fungi or bacteria and further research would benefit from 

understanding of a possible relationship. Growth of mould in seven out of 40 samples in the ant 

solution treatments could suggest that equipment used in the experiment had been exposed to 

microbial activity. This however is highly unlikely since all of the equipment was sterilized before 

and after each use and an open flame was kept during the experiment to avoid germs in the air from 

landing in petri dishes. The more plausible explanation is that ants had been exposed to mould 

before taking them from their colonies. It could be theorized that ants also had a symbiotic 

relationship with mould fungus, but to the best of my knowledge such relationship have not been 

recorded with ants in regards to inhibitory activity. 

   In the diluted formic acid experiment no inhibition was found compared to the concentrated 

formic acid experiment were inhibition was found in 28 out of 34 cases (82.4%). This suggests that 

inhibition found in the ant crushing experiment was due to bacteria since formic acid was diluted to 

a degree that no inhibition took place. It could also suggest that inhibition was caused by a 

synergistic effect between formic acid and bacteria. It is not unknown for ants to combine different 

antimicrobial activities in order to reach better results. Wood ants (Formica paralugubris) collect 

spruce tree resin which has inhibitory activity against the generalist entomopathogenic fungus 

Metarhizium brunneum and apply endogenous formic and succinic acid on resin to amplify 

inhibitory activity (Brütsch et al. 2017). Lack of inhibition in the diluted formic acid experiment is 
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not that surprising since the dilution was more than 100 times and therefor too diluted to have an 

inhibiting activity. It should be noticed that pH found in the diluted experiment was two and thus 

some degree of inhibitory activity should have occurred according to the findings of Rousk 2009 

since fungal and bacterial diversity were low in the lower end of the pH spectrum. Strong inhibitory 

activity of the concentrated formic acid experiment was to be expected since a less diluted formic 

acid has shown to have strong antimicrobial activity against Metarhizium which have been tested 

multiple times (Graystock & Hughes 2011, Tranter & Hughes 2015) combined with low pH of two 

found in this experiment. Graystock & Hughes 2011 found that a formic acid concentration of at 

least 2% would completely inhibit germination of Metarhizium anisopliae conidia, but a 

concentration of 10% was needed to completely inhibit Aspergillus flavus (which is a fungus that is 

facultative parasite on ants). These results are in line with the inhibitory activity found on M. 

fructigena since a concentration of 45% (concentrated formic acid) had a strong inhibitory activity 

whereas a concentration of 0.0045% (diluted formic acid) did not show any inhibitory activity. 

Being able to inhibit growth of a wide diversity of fungi and bacteria is beneficial for ants in regards 

to disease resistance and this could also enable long term storage of food sources since inhibition of 

fungi and bacteria would prevent food from spoilage. PH value of both the diluted and concentrated 

formic acid was found to be two which is highly unlikely. The concentrated formic acid experiment 

should have had a lower pH value, but this effect could have been masked by pH papers failure to 

detect small differences in pH shifts. These papers are only cable of detecting changes of one pH 

value which could have been the reason to both experiments having same pH values.  

   Each petri dish throughout all three experiments was prepared in the same manner as a modified 

Kirby-Bauer assay which means that each individual petri dish with its four segments could have 

affected each other. This is due to microclimate being ever so slightly different in each petri dish 

affecting each of four segments in every petri dish differently. Since each segment is treated as an 

independent variable it could be argued that the criterion is not met and pseudo replication could 

have taken place. This however is highly unlikely to have affected results in such a way that it 

would have altered results. Having both prepared every petri dish under sterile condition and 

conducting experiments under sterile conditions, minimizing each possible variable in each petri 

dish. Furthermore when discs within each petri dish was pooled (which mean that one ant/formic 

acid and control treatment in each petri dish instead of having two of each) significance was still 

found.  
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   The main component of ant venom is formic acid and up to 60 % of venom can consist of formic 

acid (Tragust et al. 2013, Blum 1992). Formic acid has a pKa value of 3.75 (Blum 1992) and having 

a low pH value can explain much of the inhibitory activity of ants venom but studies have shown 

that inhibitory activity of ants is due to more than just formic acid. A mixture of hydrochloric and 

sulphuric acid with a pH of 2.5 did not have the same inhibitory activity against fungal germination 

compared to formic acid (Tragust et al. 2013) suggesting that lowering pH could not account for all 

of the inhibitory activity. Furthermore when tested, formic acid accounted for approximately 70% 

of inhibitory activity alone but when combined with acetic acid (part of the venom) enhancing the 

activity revealing synergistic effects (Tragust et al. 2013). This suggests that inhibitory activity of 

venom consists of more than just formic acid. There are several exocrine glands found on ants 

including the venom, mandibular and Dufour glands excreting different chemicals (Keegans et al. 

1991, Das et al. 2014). Venom of O. smaragdina’s contains undecane which makes up around 40% 

of Dufour gland secretions (Bradshaw 1979), and a combination of undecane and formic acid 

makes for a strong alarm signal (Löfqvist 1976). Undecane by itself have not proven to hold 

antimicrobial activity (Dani et al. 2000) but combined with other hydrocarbons from the Dufour 

gland giving a low but significant antifungal activity (Tragust et al. 2013). Furthermore when 

Dufour gland secretions were combined with formic and acetic acid a synergistic effect of 94% 

inhibition was found compared to previous 70% (Tragust et al. 2013). These gland secretions could 

act as a delivery agent by wetting since acids such as octanoic acid have been found to increase the 

cuticular absorption of acetic acid in the whip scorpion Mastigoproctus giganteus (Eisner et al. 

1961) and by doing so amplifying effectiveness of acids such as formic acid (Ortius-lechner et al. 

2000).  

   The inhibitory activity of ants could prove to aid in agriculture. Different chemicals are excreted 

from exocrine glands and these are readily used for different purposes such as alarm signals 

(Löfqvist 1976) and pheromone trails (Choi & Meer 2000). These chemicals are released into the 

environment when ants spray their venom against a potential prey and predator or treating them 

self, their brood and nest. By spraying their venom against prey or predators they could inhibit/kill 

potential diseases carried by prey or predator. Especially M. fructigena and similar plant diseases 

which requires an entry wound to infect their hosts would be inhibited by these actions. This is due 

to carriers of diseases would either be disinfected by spraying of formic acid,  be deterred from 

eating from plants/fruits and by this not creating an entry wound for diseases or caught and killed 

(whereby formic acid would be utilized and thereby disinfecting prey items). Furthermore, by 
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spraying formic acid a reduction of pH value would be expected. This reduction would be harmful 

to a wide variety of fungi and bacteria since low diversity is found at lower pH values (Rousk 

2009). Low pH values could also damage fruit and crops so more research need to be conducted in 

order to see how plants and fruit react to this venom. An apple grower consultant (Maren 

Korsgaard) has furthermore confirmed to Offenberg that some apple growers protect their crops 

from apple scab by treating their apples with vinegar (Joachim Offenberg, personal 

communication). Apple scab is caused by the fungus Venturia inaequalis (Bowen et al. 2011) and it 

could be theorized that low pH value would be toxic to the fungus. By treating them self (O. 

smaragdina) with venom and other secretions from various glands, residues from these secretions 

could be left on the ground, leaves, fruit or stem of plants and trees which could defend host plants 

from diseases. Furthermore it has been shown that several species of plants associated with ants had 

more microbial pathogen loads and more damage inflicted by fungi and bacteria when ant partners 

were removed (González-Teuber et al 2014). Whether antimicrobial activity is achieved by 

individual chemicals or by a synergistic effect it could prove to be useful against plant pathogens in 

future agriculture.  

   Further research should be conducted in order to test the inhibitory activities of O. smaragdina on 

plant diseases and underlying mechanisms in the field and whether it would yield a profit to use 

ants (more specific O. smaragdina) as a natural enemy against plant diseases. Since this is a new 

field of research better method development should be conducted in regards to testing different 

exocrine glands and their effect as individual chemicals and as a mixture of the same on plant 

diseases. Perhaps just as interesting these gland secretions could also be used in human medicine. 

Compounds from secretions of the mandibular and metapleural glands from leaf cutting ants of the 

genus Atta have shown to have strong antibacterial and antifungal activities against human 

pathogens such as, Escherichia coli, Staphylococcus aureus and Candida albicans (Mendonca et al. 

2009).  

 

Conclusion 

 

   The purpose of this study was to investigate the antimicrobial activities of O. smaragdina’s body 

and the possibility of using them as natural enemy against agricultural diseases by using M. 

fructigena as a model organism. The body of O. smaragdina proved to have anti-microbial activity 
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against M. fructigena. Whether it was due to bacteria living on or in O. smaragdina, its secretions 

from various glands or its formic acid have to be determined. It has to be noted that formic acid did 

prove to have antimicrobial activity on its own. Having anti-microbial activity against M. fructigena 

might prove to be a useful management tool against plant diseases in agriculture and more research 

needs to be conducted.  
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Appendix: 
 

   This part is a brief overview of the unsuccessful experiments and the once that would have been 

too time consuming. Some of these experiments were overlapping each other.    

 

Coffee and citrus diseases: 
 

   My initial idea for my master thesis was to test if O. smaragdina could protect certain plants 

against their plant pathogens. I spend the first two months of the master thesis searching the 

literature for suitable host plants and their diseases. I did end up finding some suitable diseases 

(Alternaria brown spot, Citrus black spot and Melanose as citrus diseases and Brown eye spot 

which is caused by Cerospora coffeicola as a coffee disease)  to infect the host plants that was 

suitable for O. smaragdina (citrus and coffee) and found places to buy the diseases and host plants. 

In this period I also spend time on contacting experts from the US on the field of citrus/coffee 

diseases asking questions about these diseases. Time was also spend on contacting Danish experts 

with knowledge of diseases in apple trees which I also wanted to test the protective means of ants 

against diseases. In the end it would have taken too long to do all the things that I wanted to. The 

problems were that the citrus and coffee trees were all pesticide-treated and I would have to grow 

them from saplings which would take too long. Other problems such as infecting the plants with the 

diseases could also be a problem (even though I did a lot of research into how plants get infected) 

since time was already a problem. I had two designs for this experiment. The first design was to 

have two different host plants of the same species grown from saplings (essentially eliminating 

genetic variation). The first sapling would have ants on it and the second sapling would be free of 

ants. Both plants would then receive the same dosage of disease spores (most of the diseases were 

fungi). The second design was to have one plant with ants living on it. The ants would only have 

access to half of the plant whereby infection of the plant with a disease would take place (giving 

both halves the same dosage). I figured this would require much more than a year and it would be a 

PhD project. In short I spend two month on: 

- Searching the literature for plant diseases and where to buy them 
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- Determining the diseases suitable for infection under the time limit presented in a master 

thesis 

- Finding suitable host plants for O. smaragdina and where to buy them 

- Designing a setup/experiment 

- Contacting experts in this field for their knowledge and guidance 

- Investigating the financials since this is of concern 

 

Apple infection: 
 

   I wanted to test if the presence of O. smaragdina on apples would have an inhibiting effect on M. 

Fructigena. The pilot experiments and the actual experiment lasted around a month. This month 

was spent on searching the literature on how to infect apples. I found articles in which they infected 

apples with M. Fructigena. I replicated methodology used in those articles in a few pilot 

experiments and was successful in infecting apples, but when it came to the actual experiment I was 

unsuccessful in infecting apples. It is uncertain why it was unsuccessful but it could have been 

attributed to the fact that apples in the actual experiment was placed in the same environment as 

ants (a temperature of approximately 27 degree Celsius with a much more humid and not as clinical 

environment) whereas apples in the pilot experiment was kept in laboratory condition with a cooler 

temperature (approximately 22-23 degrees Celsius, less humid and clinical environment). High 

temperatures could have inhibited growth of M. fructigena but it is unlikely since M. fructigena 

have been incubated at these temperatures in successful experiments mentioned in the master thesis. 

Lack of infection could be attributed to lack of clinical environment and might have been 

outcompeted by other microbes. In these experiments I had 20 ant treatments and 20 control 

treatments. One apple per treatment was used. These apples were submerged in a 1% solution of 

sodium hypochlorite for sterilization fallowed by puncturing the surface with a tiny sterilized nail 

allowing for infection of M. Fructigena. The apples in the ant treatment were exposed to an O. 

smaragdina colony for three days. In the control treatment apples were in the same room as the ant 

treatment, but were not exposed to the ants. Infection of the apples was performed by adding 20 µl 

of M. Fructigena suspension on the punctured surface. The suspension was made by adding 10 mL 

of demineralized sterilized water to a petri dish covered with M. fructigena and dislodging the 

hyphae from the surface. The infected apples were then put on a wet towel wrapped around a test 
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tube rack (to ensure moisture since M. fructigena thrives in moist conditions) and left until signs of 

growth would have been observed, but no signs of growth were observed. In short I spend one 

month on: 

- Searching the literature for ideas on how to infect apples and general knowledge on M. 

Fructigena 

- Designing and preparing the pilot experiment 

- Performing the pilot experiment  

- Designing and preparing the actual experiment 

- Performing the experiment         

 

The effect of O. smaragdina on their environment around the nest (leaf 

washing): 
 

   For this pilot experiment I wanted to test if the leaves surrounding O. smaragdina nests would 

have less bacteria and fungi compared to leaves further away from their nests. This was a shorter 

pilot experiment that took around three weeks. The first two weeks was spent on searching the 

literature and thinking of a setup for this experiment. In this experiment four different leaves were 

collected from the same Coffea arabica plant which the ants were living on. Two of the leaves were 

right next to their nest and the rest of the leaves were on the other end of the plant. They were then 

put into a sterilized container with 100 ml of phosphate-buffer solution (1 Mol, pH 7) and shaken 

for 24 hours by a Digital Orbital Shaker at 110 RPM (rounds per minute). After 24 hours, 50 µL 

from each of the containers was pipetted and distributed evenly to a petri dish containing a mixture 

of nutrient broth (nb1) and agar. The four petri dishes were then incubated in the dark at 27 degrees 

Celsius for ten days. They were visually inspected every day marking every new germ with a 

permanent marker. After the incubation period bacterial/fungal counts were performed. This 

experiment was cut from the master thesis due to time constraints (since I was busy conducting 

other experiments). In short the three weeks were spent on: 

- Searching the literature for ideas on how to perform the experiment and to see if anyone has 

done these kinds of experiments before. 

- Designing and preparing the experiment 



51 
 

- Performing the experiment 

   

O. smaragdinas antimicrobial activity on M. fructigena growth in a petri 

dish: 
 

   I wanted to test if the ants could have had indirect inhibiting activity against M. fructigena. For 

this pilot experiment I spend approximately one and a half month on designing and conducting it. 

First week or so was spent on searching literature, but I came to a realization that nothing similar to 

this experiment could be found. Designing this experiment took approximately two weeks. The idea 

of this experiment would have been to see if ants excreted secretions which could inhibit M. 

fructigena. Ants would be able to have contact with the surface of petri dishes (see later) with their 

feet, but not able to forage from PDA (see later). For this pilot experiment five petri dishes were 

prepared containing PDA and a suspension of M. fructigena. These petri dishes were placed within 

five different O. smaragdina colonies for five days. Ants needed to be separated from PDA 

otherwise they would start eating PDA. To separate ants from petri dishes a suspended fiberglass 

was placed on the surface of PDA.  The suspended fiberglass was made by stretching it between 

two plastic circles (same size as a petri dish) and thereby allowing legs through tiny holes, but not 

allowing O. smaragdina to forage on PDA since mandibles were too large to go through the tiny 

holes in the fiberglass. Different variation of these was tried including a nylon version instead of 

fiberglass. Unfortunately mask size was lost in my notes and since this experiment failed no 

pictures was taken. A similar picture to the suspended fiberglass can be seen in figure 6. Each day 

they were checked for growth of M. fructigena. Different problems were associated with this 

experiment. The biggest problem was that I could not create a setup in which the experiment could 

be done in sterile settings. This means that each petri dish would be far from identical (especially 

because each fiberglass setup would be different from each other in regards to microbial loads since 

the plastic circles could not be disinfected in an autoclave). Furthermore growth of M. fructigena 

was not observed in any of the petri dishes due to other microbes growing. With more time given 

these problems could properly have been solved. In short this month and a half was spent on: 

- Searching the literature for ideas on how to perform the experiment and to see if anyone has 

done this kind of experiments before and inspiration to designing the experiment.  

- Designing and preparing the experiment 
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- Performing the experiment 

 

 

Figure 1: Showcasing a similar setup of fiberglass and nylon suspended between plastic to separate ants and PDA.  

 


