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The effects of alcohol toxicity on seed germination 
 

Dina Der Vartanian 
 
ABSTRACT 
 
This experiment discovers the effects of three different alcohols at three different concentrations (methanol, 
ethanol, and isopropanol/ 0.6%, 1.2%, and 2.4%, respectively) on seed germination rates. Studies have shown 
that these three alcohols have been effective in-home gardening to fight off pests and increase germination rates. 
To find greener alternatives to commercial pesticides and insecticides that most farmers use, the idea of using 
small amounts of these alcohols comes to mind. This experiment found that ethanol had the best effect on 
germination rates, which was as to be expected because it is the most commonly found alcohol in nature as a 
byproduct of fermentation. However, methanol had a surprising positive effect on seed germination, meaning 
that further research on the effects of methanol on seeds needs to be done. Isopropanol was lacking in all 
concentrations of seed germination, which means that the environment isopropanol created was too toxic for the 
germination process. 
 
Keywords: Germination, toxicity, seed germination, methanol, ethanol, isopropanol, germination rates. 
 
INTRODUCTION 
 
Agriculture is a very important part of our lives. 
Pesticides are increasingly being applied to crop fields 
in order to control bugs and animals that try to eat 
these crops. These applications can have many 
negative effects on the environment and human 
health, such as headaches, nausea, cancer, 
reproductive harm, and endocrine disruption (Polyxeni 
Nicolopoulou-Stamati, Et. al 2016). Because of this, 
farmers and gardeners alike are searching for greener 
alternatives in the form of natural pesticides like 
isopropyl alcohol.  
 Alcohols such as methanol, ethanol, and 
isopropanol are used in the field of agriculture as a 
“greener” alternative to pesticides. (DG Davis  et al, 
1978) Pesticides and nutrients are sometimes put on 
the plants at the same time, causing harmful water 
runoffs and potential sites for eutrophication. Although 
most nutrients are easier to break down over time, 
pesticides are harder to, causing a lot of problems for 
local wildlife of any kind. Methanol, ethanol, and 
isopropanol are either one, two, or three chained 
carbon chains with an oxygen attached, respectively. 
Their composition is relatively simple, and easier to 
break down because they are miscible in water 
(Gbashi et al. 2016).  
 Methanol, ethanol, and isopropanol are in many 
different household and commercial items, but one 
thing that ties them to research in agricultural 
laboratories is the fact that they are all used in 
pesticides and herbicides such as: Safer Brand Fast 
Acting Weed and Grass Killer, 5055, Pump Spray-Old 
Product (methanol), Forbid 4F Ornamental Insecticide 
Miticide (ethanol), and Casoron 4G Herbicide 
(isopropanol). These herbicides and pesticides are 
used in a lot of farms and helps procure masses of 
produce over the seasons, containing residues of 
these things that we then put in our bodies.   

 Farmers and home growers alike understand the 
sometimes-irritating task of seed germination. In 
regular conditions (water, sunlight, dirt) seed 
germination rates differ amongst different types of 
plants. To make a seed germinate, farmers and home 
growers alike swear by the rule of soaking seeds in a 
shallow dish for at least twenty-four hours. This helps 
water penetrate the sheath of the seed (Bewley 1997) 
to help it maintain some of it before it gets put in the 
ground. In a lot of cases though, using a growth 
medium for germination, such as rockwool grow cubes 
or anything similar, helps maintain what a seed needs 
to survive.  
 Research shows that methanol and ethanol in 
different concentrations had slowed down the 
germination process (Idu M. Et. al 2006), yet still had 
germination. It is unclear whether these alcohols have 
long term effects on future germination rates, but 
doing research about germination rates under 
alcoholic conditions have the potential to help farmers 
and those who like to garden at home understand how 
these common compounds affect their crop yield and 
overall production value.  
 Ethanol usually has the title of “the ripener” in home 
gardening. Under anaerobic conditions, ethanol has 
proved to decrease ADH (Alcohol Dehydrogenase) 
activity. Usually, under anaerobic conditions without 
ethanol, ADH levels increase. (Maricle et. Al 2014) 
ADH is plays a very important part in fermentation, 
making an acetaldehyde, which gets reduced into 
ethanol by ADH1. This step is important because it 
makes sure that there is a constant supply of NAD+. 
NAD+ can be converted to ATP through the electron 
transport chain and is very critical to photosynthesis. 
Ethanol has a toxic effect on germination if the plant is 
not tolerant to flooding (Maricle et. Al 2014). Ethanol 
and methanol have also shown the potential to start a 
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stress response from plants, making them go into a 
defense mode, but when re-harvested and re-
germinated, the seeds could not turn on their defense 
genes- PR-1 and PI-1 (Hann et. Al 2014). This is 
interesting because if the plants cannot go into 
defense mode, they will not be able to survive, making 
the study of the effects of alcohols on plant 
germination essential to the future of agricultural 
science. To better understand these studies, a 
question of testing these alcohols and their effects of 
their toxicity needs to be studied so that their effects 
can be understood. This provides the potential for 
future agriculture practices to become more green and 
sustainable.  
 
MATERIALS AND METHODS 
 
This experiment as a whole is how lettuce, radish, and 
watermelon seeds germinate under different 
concentrations of methanol, ethanol, and isopropanol 
mixed with water.  
 To begin, three different seed types need to be 
purchased. These seed types were picked because 
they are inexpensive, easily found, different species, 
and germinate at a fast rate. Once those are acquired, 
three separate petri dishes were made per seed per 
alcohol concentration along with three control groups 
that have only water as a baseline. This will end up 
being about 84 petri dishes, which includes some 
extras. This will require about 40.7 g of nutrient agar, 
distilled water, a hot plate, and plastic petri dishes. 
Each petri dish will have about 6 seeds of either 
lettuce, radish, or melon. For the alcohol 
concentrations, methanol, ethanol, and isopropanol 
were used. They were combined with water to create 
a diluted mix. The following concentrations per each 
alcohol type were made: 0.6%, 1.2% and 2.4%.  
 The following were needed for the experiment: petri 
dishes with agar, seeds, and then the different 
concentrations in graduated cylinders that can go up 
to 20 mL. Once the amounts of the diluted mixes are 
in the petri dish with the seeds, they were placed in 
the window so that they get eastern rising light. These 
will germinate at similar rates because they will be in 
ideal conditions. The petri dishes should be kept in a 
room temperature environment, which is an optimum 
temperature to germinate seeds. To keep things equal 
they were checked at the five-day mark. To measure 
their germination rates, a ruler was used to get the 
length of the root and make sure to only measure the 
root length, not the shoot or the seed itself. Seeds that 
have broken roots, did not germinate, or dried out will 
not be part of the study. This will be done twice to get 
the most amount of data for my experiment. 
 Once the experiment was complete, the measured 
data that was included in data collection included: 
seed root length individually, and the time that it took 
to germinate. Broken, un-germinated, or dried out 

seeds will not be included because unless the entire 
group is un-germinated, there is no reason to include 
that in the data. In every situation, there should be 
some type of germination because of the small 
amount of alcohol concentration that is included.  
 
RESULTS 
 
By referring to images one, two, and three, it can be 
inferred that the seeds with the most consistent 
germination rates are the seeds under ethanol 
concentration. This is probably because ethanol is 
found more often naturally than either methanol or 
isopropanol. The isopropanol graph shows the lack of 
germination across all seed types and concentrations. 
This is probably due to the fact that isopropanol has 
proved to be more toxic to plants than methanol and 
ethanol. The methanol graphs have a decent amount 
of germination rates, and that is due to the fact that 
plants can show the use of methanol and carbon 
dioxide as energy sources (Aktar et. Al. 2009).  
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germination was statistically significant for each seed 
type. For the lettuce ANOVA alcohol x concentration 
value was .169 which is not statistically significant. 
This means that the alcohol and the different 
concentrations did not have an effect on the lettuce 
seeds. For the radish seeds, the ANOVA alcohol x 
concentration value was <.001. This was statistically 
significant. The watermelon alcohol x concentration p 
value was also <.001. This is also statistically 
significant. So, that means that the null hypothesis- 
that there would be no change in growth- would be 
rejected for the watermelon and radish seeds. 
However, for the lettuce seeds, it would be accepted 
because the change was not statistically significant.  
 
DISCUSSION 
 
The first time the experiment was ran the seeds did 
not germinate. This is because there was not enough 
water in the petri dish. Learning from this, the 
secondary trials got “spritzes” of water on every other 
day.  
 Ethanol is a two-chain carbon atom with an “-OH” 
group on one of the terminal ends of the molecule. 
Ethanol is also more commonly known as the alcoholic 
beverage. The purest form of ethanol in consumer 
form is 95% proof vodka. This is what was used for the 
experiment. Quite commonly, home gardeners use 
vodka as a pesticide, but this research suggests that 
it also could be used to increase germination yield.  
 Surprisingly, methanol proved to also help with 
seed germination. Although it was not as successful 
as methanol, all of the concentrations of methanol had 
a successful amount of yield to be significant. This is 
probably due to the simplicity of the chemical makeup 
and the plant utilizing it as an energy source in place 
of carbon dioxide.  
 Isopropanol had little to no germination, meaning 
that it did not aide the germination process. This is 
probably due to the fact that isopropanol is more toxic 
to plants.  
 To redesign this experiment, germinating the seeds 
in a soil environment, rather than on a nutrient agar 
dish would seem more beneficial. Another redesign 
would be to add more seeds at different germination 
rates and soak them in the water/alcohol mix to see if 
the alcohols really helped the germination. 
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Effect of exercise and L-citrulline on heart rate in rats 
 

Amari Heisser 
 
ABSTRACT 
 
Blood pressure is a good indicator of health in many organisms. Many diseases and disorders can be detected 
by the measurement of blood pressure and heart rate. This study focuses on the individual and combined effects 
of exercise and the amino acid L-citrulline on heart rate of mice. L-citrulline is found to produce nitric oxide in the 
body. Nitric oxide can be produced from different synthases in the body. The focus of this study is the effect of 
oral administration of L-citrulline with and without exercise on the heart rate of rats.  Each rat was put into a 
swimming pool to evaluate their ability to swim continuously for fifteen minutes. Results shows that there no 
significant difference in the heart rates of rats who were treated with the above compound, compared to the 
untreated.  
 
Keywords: L-citrulline, heart rate, rats, exercise 
 
INTRODUCTION 
 
Blood is an important component of many animals. 
The function of blood ranges from protection against 
diseases and elimination of wastes from the body to 
the transportation of nutrients throughout the body. 
Blood is a good indicator of health inside an individual. 
We can tell the condition of someone through blood 
pressure, heart rate and pulse.  
 There are many molecules that can affect the 
circulatory system, nitric oxide being one of these 
molecules. Nitric oxide (NO) is a free radical, its 
potential as an endothelium-derived relaxing factor 
was first proposed independently by Robert Furchgott 
and Louis Ignarro in 1986. (Zhao. 2015).  Nitric Oxide 
functions to regulate blood flow and promote healthy 
blood pressure levels.  Through years of research and 
experimentation, it is common knowledge that 
exercise helps to reduce resting heart rate.  
 Two very important parameters that doctor use 
when a patient goes in for a checkup are heart rate 
and blood pressure. When a person has high blood 
pressure it means that, there is a strain on the heart 
and blood vessels. Over time the built-up pressure 
could lead to a heart attack or other heart 
complications (Silverthorn. 2016). Heart rate is an 
equally important component of the circulatory system 
that doctors check. The rate at which the heart is 
pumping blood through the circulatory system can 
have an effect on the strain of the heart and blood 
vessels (Silvethorn. 2016). 
 A vasodilator is a molecule that relaxes the blood 
vessels, allowing more blood to flow through the 
vessels. To test the effects of a vasodilator there are 
few options, but nitric oxide become the final choice 
because of its ability to be produced in the body. Nitric 
oxide has vasodilator properties, which are beneficial 
to improving the condition of the heart (Shabeeh, 
2016). It was found that nitric oxide is synthesized in 
the body through specific nitric oxide  synthase 
pathways (Willoughby 2015).  

 Research has been done to manipulate the 
synthesis of nitric oxide and two amino acids have 
been found to cause the production of this molecule. 
L-arginine and L-citrulline were discovered to be the 
main cause of production of nitric oxide in humans (P 
Hwang, P, D Willoughby, 2015). A specific pathway 
called endothelial nitric oxide synthase (eNOS) is the 
site from production in the circulatory system. (Zhao. 
2015). Nitric oxide can only be manipulated from 
inside the body since it can only be produced naturally 
inside the body.  
 Exercise has been a common option for reducing  
high blood pressure in people. It increases the 
strength of the cardiovascular system. It works by 
increasing blood circulation throughout the body, thus 
strengthening the heart muscles making them 
stronger and making it easier to pump blood. While 
many different types of exercise are recommended to 
lower blood pressure, studies show that low and high 
intensity are the most effective forms of exercise to 
accomplish the job. (Maior. 2015). Exercise does not 
only affect one part of the body. In a recent study, 
exercise affects the nervous system by reducing the 
sympathetic activities of the brain (Lemos, 2017). 
 If exercise and nitric oxide were combined, how 
would it effect heart rate? As stated before both 
exercise and nitric oxide have the ability to affect the 
cardiovascular system in some way. Therefore, the 
intent of this study is to test the combined effects of 
exercise and an amino acid that increases production 
of nitric oxide. The parameter being measured would 
be heart rate. 
 The applications of this study can be used in the 
medical field. This study could lead to further research 
in the understanding and function of the circulatory 
system and the molecule nitric oxide. 
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MATERIALS AND METHODS 
 
Animals and initial procedures 
 Rats were obtained from a local pet store and 
transported immediately to a lab setting. Food and 
water were provided freely. Rats were handled every 
day for a week before the first experiment. They were 
also weighed using a special weight scale. The 
average weight amongst the rats was 144 grams. 
Initial Heart Rate Measurements 
 Rats were allowed time to explore the open 
environment to familiarize themselves with the space. 
Since the experiment consisted of making the rats 
swim in ## degree water, they were acclimated to the 
same temperature water for 20 minutes as well. 
 After 3 days of acclimation, initial heart rates were 
taken. Heart Rate measurements were taken with the 
PT-104 plethysmograph that is plugged into the IX-
TA-220 Recorder and connected to a desktop via USB 
port. The plethysmograph will be attached to the base 
of the rat’s tail via a Velcro strap. The rat will be 
restrained using a rat holder. (PT-104, IX-TA-220. 
IWorx. Dover, New Hampshire). 
  
Experimental Design 
 A swimming exercise regimen was imposed on the 
rats. This regimen consisted of a 15-minute session 
per day over a 5 days period. Heart rate was taken 
immediately after the 5 day period. This is done as 
heart rate can change very fast depending on the 
recovery rate of the rat. 
 
Exercise Protocol 
 A swimming apparatus was set up using a 36(L) x 
21(D) x 19(W) plastic container. This depth was used 
to ensure that rats are convinced there is no bottom, 
so they continuously swim instead of float.  Each rat 
was tested one at a time. Water was maintained at 
room temperature which was at 20o – 22o degrees 
Celsius.  
 
Making L-citrulline solution. 
 A solution of L-citrulline solution was made to 
administer to rats. A simple mixture of water and L-
citrulline powder from Beyond Raw Labs. Water was 
the solvent and L-citrulline powder was the solute. To 
make this solution the serving size was kept the same 
which was 3 grams per 60 kilograms of human body 
weight, converted to be 0.05mg of powder per gram of 
human. 
 The optimal amount of water to dissolve the powder 
is was 3 grams per 8 ounces of water. 8 ounces is 
equivalent to 29.58ml. Converting that to grams per 
milliliter it comes out to 0.1268 grams per milliliter or 
12.68 milligrams per milliliter. A 100-milliliter stock 
solution was made for easy administration which 
required 1.268 grams per 100 milliliters. This is the 
concentration for the solution  

 Each rat’s weight was taken into consideration 
when administering the L-Citrulline solution. A stock 
solution of citrulline was diluted to match with each 
rat’s weight.  
Administering the solution 
 During the administration of the citrulline solution, 
the Rats were put into to a holder which restricted their 
movements. A 5 mL syringe was used to administer 
the appropriate amount of the citrulline solution orally.  
 
RESULTS 
 
Heart Rate 
 Of the 10 rats the participated only 6 complete all 
treatments. 
  
Table 1. Group treatment per week  

Week Exercise L-Citrulline Avg HR 
1   102bpm 
2 X  105bpm 
3  X 105bpm 
4 X X 114bpm 

 
There were no significant differences in the heart rates 
between the treatment groups or between the control 
and the treatment groups. There were also no trends 
aside from the slight increase of the average HR of the 
L-Citrulline (only) treatment group to exercise and L-
Citrulline treatment group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Heart rate measurements of six rats from 
three different treatments.   
 
DISCUSSION 
 
The differences in the mean values of the average 
heart rates among the treatment groups are not great 
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enough to exclude the possibility that the difference is 
due to random sampling variability; there is not a 
statistically significant difference (P = 0.379). 
 I expected the heart rate to increase for the rats 
treated with L-Citrulline alone and also the rats treated 
with the combination of both L-Citruline and exercise 
regimen. This result could have been due to a 
multitude of reasons. One could be administering the 
L-Citrulline orally. Rats could pick and choose if they 
wanted to swallow the solution or not. Another reason 
could be due to determination of if rats were calm or 
not during the measurement of heart rate. To add on 
to this point the modified heart rate measurement 
device could have caused some error. When looking 
at other articles they were able to take and relate both 
heart rate and blood pressure. This is something I 
lacked in my experiment. Lastly regarding the exercise 
protocol, weights were supposed to be implemented 
to force exhaustion in rats. The problem with this was 
attaching weight to the tails of rats proved to be more 
of a problem than anticipated  
 The purpose of this research was to see if there 
were any effects on heart rate from exercise or L-
Citrulline. The graph shows a slight trend of heart rate 
increasing from treatment of only L- Citrulline to 
treatment of L-Citrulline and exercise. Due to the p-
value this trend is not enough of a difference to be 
significant. 
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Antibacterial activity of six essential oils on Gram-negative and Gram-
positive bacteria 
 

Sebia Kalambayi Kabedi 
 
ABSTRACT 
 
Essential oils are naturally occurring volatile compounds that are characterized by their strong odor and are 
isolated from different parts of aromatic plants. In this study, the antibacterial activity of six (Mint, Sage, 
lavender, Evergreen, Citronella and Marigold) essential oils on two strains gram-negative bacteria (Escherichia 
coli and Pseudomonas aeruginosa) and two strains of gram-positive bacteria (Staphylococcus aureus and 
Bacillus cereus) was investigated.  These essential oils were extracted using steam distillation and their 
antibacterial activity was determined using the disk diffusion method. The investigated essential oils were all 
successful in inhibiting the growth of the two strains of gram-positive bacteria. The susceptibility of gram-
negative bacteria was variable, depending on the essential oil. Marigold essential oil was proven to be the most 
effective as it was successful in suppressing the growth all tested bacterial strains and has the possibility of 
being a successful antibiotic for the treatment of multiple infectious diseases.  
 
Keywords: Essential oils, Antibacterial, Antimicrobial resistance. 
 
INTRODUCTION 
 
The emergence of new resistance mechanisms of 
microbes to antibiotics causes serious threats to the 
global public health (WHO, 2018). The antibiotic 
resistance crisis is attributed to many factors such as 
overuse of antibiotics, inappropriate prescription and 
the availability of few new antibiotics (Ventola, 2015). 

According to the center for disease control, (CDC) 
at least 2.8 million people are infected with antibiotic 
resistant bacteria or fungi in the US alone and 35,000 
people have died from it (CDC,2020). Due to the 
serious threats that antimicrobial resistant bacteria 
represent, scientist have been researching new ways 
to kill bacteria, including the use of essential oils. 

Essential oils are naturally occurring volatile 
compounds that are characterized by their strong 
odor. They are extracted from different parts of 
aromatic plants such as flowers, leaves, stems and 
seeds (Akhtar et al, 2014). The main constituents of 
essential oils are generally terpenes (hydrocarbons 
made up of 2 isoprene units(C5H8)), aromatic 
compounds and terpenoids (oxygenated terpenes) 
(Tongnuanchan at el, 2014). The composition of 
essential oil varies depending on the part of the plant 
that it is extracted from. The composition can change 
after extraction, due to the rapid ability of the 
components to become oxidized. This depends on 
the conditions in which the essential oil is stored 
(Vigan, 2010). 

 Essential oils can be extracted from plant organs 
through different methods such as distillation ( steam 
distillation, hydrodistillation and hydrodiffussion)  and 
solvent extraction (Supercritical carbon dioxide and 
supercritical water extraction). Steam distillation is 
the method that is most widely used.  The proportion 
of essential oils extracted through it is 93%, this 

illustrates how effective this method is 
(Tongnuanchan et al, 2014).  

This study is conducted to investigate the 
antibacterial activity of six essential oils: Mint oil 
(Mentha), Sage oil (Salvia), Lavender oil (lavandula), 
Evergreen (Thuja occidentalis), Citronella oil 
(Pelargonium citrosum) and Marigold oil (Tagetes 
erecta). Two strains  of gram-negative bacteria, 
Escherichia coli and Pseudomonas aeruginosa, and 
two strains of gram-positive bacteria, Staphylococcus 
aureus and Bacillus cereus, were used.   

The constituents of essential oils are responsible 
for their biological activities. The antibacterial activity 
of these constituents seems to mainly target the 
bacterial cell membranes. Gram-positive bacteria cell 
membranes are composed mainly of peptidoglycan. 
While gram-negative bacteria cell membranes 
consist of a peptidoglycan layer which is enveloped 
by an outer membrane made up of various proteins 
and lipopolysaccharides. The mentioned above 
bacterial strains were chosen for their easy 
accessibility and their involvement in human 
infections. These bacteria have all been identified as 
causes of food poisoning diseases (Mostafa et al, 
2017). The threat that they pose on the public health 
through food poisoning brings forth interest in finding 
new antibacterial agents against them. 
 The findings of this study could expand the 
knowledge on essential oils and their antibacterial 
properties. It will contribute to the shaping of 
researches on novel plant based antibacterial agents. 
 
MATERIALS AND METHODS 
i. Essential oils 

 Leaves, stems, and flowers from six plants 
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(Mentha, Salvia, lavandula, T. occidentalis, P. 
citrosum and T. erecta) were obtained, cut into small 
species and collected in a collection flask. The 
essential oils of the plant materials were extracted 
using steam distillation apparatus as shown in Figure 
1. The plant materials were exposed to heat which 
caused them to burst and break their cell structures, 
thereby leading to the release of aromatic 
compounds (Tongnuanchan et al, 2014).  

Figure 1: Steam Distillation apparatus (Nelson, 
2018). 
 
ii. Bacterial strains  
 Two strains of gram-negative bacteria (E. coli and 
P. aeruginosa) and two strains of gram-positive 
bacteria (S. aureus and B. cereus) were used in this 
study. The strains of bacteria were purchased from 
Carolina Biological Supply. Subsequently, they were 
cultured in Mueller-Hinton broth and then incubated 
at 37°C. 
 
iii. Antibacterial activity 
 The antibacterial activity the essential oils were 
investigated using the disc diffusion method as 
described by Bachir et al, with some modification 
(Bachir et al 2012). Bacteria was spread evenly on 
Mueller-Hinton agar in sterile petri dishes. Sterile 
dicks were loaded with 7μl of essential oils at a 100% 
concentration and placed on top of the petri dishes 
with agar and bacteria. The petri dishes were then 
incubated for 24h at 37°C. The zone of inhibition was 
measured in mm. 
 
iv. GC-MS analysis 

The essential oils samples were sent to the 
university of Nebraska GC-MS facility for analysis. 
The gas chromatography coupled with mass 
spectrometry (GC-MS) analysis of the essential oils 
was performed with a thermo Scientific Trace 1310 
GC oven coupled to a Thermo Scientific ISQ-LT 

mass spectrometer (single quadrupole) operated in 
electron ionization mode. The carrier gas was He at 
2ml/min; the ion-source temperature was 200°C and 
transfer line temperature 250 °C. A split ratio of 1:25 
at 250 °C was used. 

DB-5 (5% diphenyl, 95% dimethyl polysiloxane) 30 
m x 0.32 mm column of 0.5 um film thickness was 
employed. The oven temperature was programed as: 
40 °C for 3 minutes, ramp at 5 °C to 160 °C and 
ramp at 15 °C to 240 °C. The samples were diluted 
with diethyl ether and 1μl of the sample was injected. 
Data acquisition was performed at a mass range of 
34 to 650 amu. Each sample took about 33 minutes. 
 
RESULTS 
 
i. Antibacterial Activity 

The inhibition zones obtained from the 
antibacterial trials were recorded in Table 1 and 
looked as illustrated in Figure 2. 

The result revealed that the investigated essential 
oils were all successful in inhibiting the growth of the 
two strains of gram-positive bacteria used in this 
study. The susceptibility of gram-negative bacteria 
was variable depending on the essential oil.  

T. erecta oil was proven to be the most effective 
as it was successful in suppressing the growth all 
tested bacterial strains. The least effective oil was 
Lanvandula oil as it was only effective against gram-
positive bacteria and had the smallest zones of 
inhibition (3.5 mm & 4mm).  The most resistant 
bacteria were P. aeruginosa; They only susceptible 
to T. occidentials oil.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Zone of inhibition of bacterial strain caused 
by an essential oil  
 
 ii. GC-MS analysis 
The GC-MS analysis of Mentha, T. occidentalis, T. 
erecta, Salvia, Lavandula and P. citrosum essential 
oils revealed that they contain 30, 41, 77, 62, 57, and 
55 components respectively. By reason of the 
lengthiness of the tables with all the components for 
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each oil sample, the five components with the highest 
concentration for each sample are tabulated below in 
Table 2-7. 
 
Table 1. Inhibition zones (mm) of essentials oils on 
Gram (+eV) and Gram (-eV) bacteria  

EOs E. 
coli 

P. 
aeruginosa 

S. 
aureus 

B. 
cereus 

P. citrosum 4.0 0.0 7.0 6.0 

Mentha 5.0 0.0 7.5 6.0 

Salvia 0.0 0.0 8.5 5.5 

Lanvandula 0.0 0.0 3.5 4.0 

T.occidentalis 6.0 5.0 5.5 6.0 

T. erecta 8.5 0.0 6.5 7.0 

Control 0.0 0.0 0.0 0.0 

 
Table 2. Major five components with the highest 
concentration in Mentha essential oil 

Component Percentage  

Carvone 65.27% 

(1R)methyl-5-(1-
methylethenyl)cyclohexene  

11.10% 

Eucalyptol 8.46% 

Trans-2-methyl-5-(1-
methylethenyl)cyclohexanone  

4.96% 

4-methylene-1-(1-methylethyl)-
bicyclo[3.1.0]hexane  

2.29% 

 
Table 3. Major five components with the highest 
concentration in T. occidentalis essential oil 

 Component Percentage  

(+)-3-Carene 35.63 % 

(1S)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-
ene 

27.49% 

Cedrol 12.23% 

ß-Phellandrene 4.65% 

(1R)-2,2-dimethyl-3-methylenebicyclo 
[2.2.1]heptane 

2.58% 

 
Table 4. Major five components with the highest 
concentration in T. erecta essential oil 

Component Percentage 

(1S)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-
ene 

21.89% 

3-Carene 19.20% 
Cedrol 16.70% 
a-Terpinyl acetate 5.78% 
m-Cymen-8-ol 3.63% 

 
 

Table 5. Major five components with the highest 
concentration in Salvia essential oil 

Component Percentage  

(4aS,7S,7aR)-4,7-Dimethyl-5,6,7,7a-
tetrahydrocyclopenta[c]pyran-1(4aH)-
one 

33.43% 

(4-Methyl-pent-3-enyl)-cyclohexane 23.34% 

Caryophyllene oxide 6.76% 

(4aS,7S,7aR)-4,7-Dimethyl-5,6,7,7a-
tetrahydrocyclopenta[c]pyran-1(4aH)-
one 

4.05% 

(-)-ß-Bourbonene 2.37% 

 
Table 6. Major five components with the highest 
concentration in Lavandula essential oil  

Component Percentage 

Eucalyptol 18.14% 

(1S)-1,7,7-
Trimethylbicyclo[2.2.1]heptan-2-one 

13.15% 

3-Carene 11.80% 

Caryophyllene 9.76% 

(1Z,4Z,7Z)-1,5,9,9-
tetramethylcycloundeca-1,4,7-triene 

8.21% 

 
Table 7. Major five components with the highest 
concentration in P. citrosum essential oil 

Component Percentage  

Geraniol 26.87% 

Citronellol 18.26% 

(1R,3aS,8aS)-7-Isopropyl-1,4-dimethyl-
1,2,3,3a,6,8a-hexahydroazulene 

8.20% 

l-Menthone 5.90% 

2-((2S,4aR)-4a,8-Dimethyl-
1,2,3,4,4a,5,6,7-octahydronaphthalen-
2-yl)propan-2-ol 

5.87% 

   
DISCUSSION 
 
As the results suggest, essential oils evaluated in this 
study exhibited antibacterial activity against  gram-
positive and gram-negative bacteria. The 
effectiveness of these essential oils differs depending 
on the bacterial strain and the source of the essential 
oil. Gram-positive bacteria were more sensitive than 
gram-negative bacteria. Several studies have come 
to the same findings (Mumivand et al., 2019, Helal et 
al, 2019).   

The antibacterial activity of essential oils is usually 
attributed to the destructive effect that their 
hydrophobic components have on the membrane 
structure of bacteria (Nazarro et al, 2013). In fact, 
multiple previous studies have shown that many 
mechanisms of antibacterial activity of essential oils 
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are affiliated to membrane alterations. This is 
including but not limited to: increase in membrane 
permeability leading to leakage of cell contents, 
disruption the cell membrane architecture, decrease 
in intracellular pH, reduction of membrane potentials, 
decreased ATP synthesis and coagulation of the 
cytoplasm (Boire et al, 2013; Nazzaro et al, 2013; 
Swamy et al , 2016; Akhtar et al, 2014). 

This could explain the difference in the 
susceptibility of gram-negative and gram-positive 
bacteria. The peptidoglycan layer of gram-positive 
bacteria  allows hydrophobic compounds such as the 
ones found in essential oils to easily penetrate the 
cell. While, the peptidoglycan layer of gram-negative 
bacteria ( which is surrounded by an outer membrane 
made up of various proteins and lipopolysaccharides) 
does not. Lipopolysaccharides consist of 
polysaccharide which are hydrophilic and their 
interactions with the hydrophobic essential oils do not 
allow easy access of the interior cell. The 
composition of the cell wall of gram-negative bacteria 
makes them more complex and more resistant to 
essential oils (Nazarro et al, 2013). 

In the case of this study, the major components in 
Mentha, T. occidentalis, T. erecta, Salvia, Lavandula 
and P. citrosum essential oils were Carvone 65.27%, 
(+)-3-Carene 35.63%, (1S)-2,6,6Trimethylbicyclo[3.1 
.1]hept-2-ene 21.89%, (4aS,7S,7aR)-4,7-Dimethyl5, 
6,7,7a-tetrahydrocyclopenta[c]pyran-1(4aH)-one 
33.43%, Eucalyptol 18.14% and Geraniol 26.87% 
respectively. Although major components can 
compose up to 85% of the essential oils (Chouhan et 
al, 2017),past studies have shown evidence that the 
antibacterial activities of essential oils are not only 
attributed to major components but the interactions 
between the minor and major components (Chouhan 
et al, 2017). The major components of the essential 
oils used in this study are either terpenes or 
terpenoids. Terpenoids have been found to exhibit 
better antimicrobial activity than terpenes (Guimarães 
et al, 2019). However, further studies would need to 
be conducted to determine which compounds of the 
investigated essential oils show better antimicrobial 
activity. 
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Antibacterial properties of aqueous extract Curcuma longa on 
Streptococcus pyogenes and Escherichia coli 
 

LeaAnn Myers 
 
ABSTRACT 
 
Plants have been known for having medicinal properties and have long been used by many countries. The 
intention of this study was to find a potential lead on the possibility of using Curcuma longa as a new 
antibacterial agent. To do this, aqueous extracts of turmeric were made by using turmeric rhizomes and boiling 
deionized water. Agar plates containing S. pyogenes and E. coli were prepared and the disc diffusion method 
was used to study the bacterial effects. Although, previous studies have given results of turmeric extracts being 
antibacterial to some bacteria, this study did not produce similar results on S. pyogenes and E.coli. More 
research and analysis could determine if the antibacterial agent (curcumin) did not dissolve in the deionized 
water solution thus making the solutions used not antibacterial.  
 
Keywords: Aqueous extract, Curcuma longa, Escheria coli, Streptococcus pyogenes, Turmeric.  
 
INTRODUCTION 
 
Plants have long been known for having medicinal 
properties such as anti-inflammatory, antibacterial, 
antioxidant, and much more. In fact, 80% of the world 
is dependent upon plant remedies as the main form 
of healthcare (Paray, 2018). With India being the 
largest producer of medicinal plants, the country has 
seen an increase of scientific studies with herbs 
(Gupta et al., 2015). One plant that is used in 
medicine as well as in the kitchen is Curcuma longa 
(Turmeric) belonging to the Zingiberaceae family and 
is a rhizomatous shrub that is native to India (Gupta 
et al., 2015). This is the herb that makes curry its 
famous orange color and has been used in Asian 
cooking for centuries. Turmeric has also been used 
in various ways medicinally. Turmeric supplements 
can be found at many local grocery stores with labels 
claiming the substance to promote general wellness.   
 Plants being used medicinally is becoming popular 
worldwide because some see plants as a safer 
alternative to over the counter prescriptions 
(Upadhyaya et al., 2018). With that being said, not all 
plants, spices, or herbs are helpful, some could be 
harmful (Chandarana et al, 2004). It has been found 
that the commercial essential oil of turmeric contains 
many impurities that inhibit the antimicrobial effects 
(Antunes et al, 2012). Some other studies, involving 

curcuminoid and oil extracts have been able to show 
antibacterial properties (Naz et al., 2010) and a crude 
aqueous extract solution proved to be antibacterial 
on the following bacteria: Escherichia coli, 
Staphylococcus aureus, and Streptococcus 
agalactiae (Paray, 2018).  
 Shiga toxin producing E. coli (STEC) has been 
known for foodborne outbreaks (Baoguang et al, 
2017).  Shiga toxin producing E. coli is a strain of 
bacteria that is pathogenic- it causes illness. This 
bacterium is easily spread through contaminated 

food or water or physical contact. Humans 
experience negative symptoms such as the illness 
known as food poisoning when exposed, but some 
animals exposed to this bacterium such as sheep 
and cows are not affected (Kintz et al, 2016).  
 Group A streptococcus, also known as 
Streptococcus pyogenes, is another bacterium that is 
harmful to humans. This bacterium is most known for 
causing the sore, swollen throat and the illness “strep 
throat” (Church et al, 2018). This bacterium is one of 
the most studied. This specific strain is only found in 
humans (Horstmann, 2018).  
 These bacteria were chosen for my study because 
they are both pathogenic in humans. If turmeric 
aqueous extract proves to be antibacterial to these 
bacteria, with more research, this method of 
extraction could potentially be used to produce an 
antibiotic in the future. 
 
MATERIALS AND METHODS 
 
Turmeric in the form of an aqueous extract will be 
used in this experiment. To prepare this extract, 
organic raw turmeric rhizomes were purchased. Two 
different preparations of the rhizomes were made into 
two solutions. The first solution was prepared by first 
chopping the rhizomes in approximately 1cm pieces 
and then placed in an oven of about 90 degrees 
Celcius for 48- hours, to remove all water. The 
rhizomes were then transferred into a blender to 
create a powder. 15.63 grams of the powder was 
then mixed with 150mL of deionized water (Paray et 
al., 2018) and was heated on a hot plate set to about 
250 degrees Celsius and allowed to “brew” for fifteen 
minutes. The second solution was prepared by 
chopping 16.03 grams of rhizomes in approximately 
1cm slices and immediately, transferring into a 
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beaker with 150mL of deionized water on a hot plate 
set to about 250 degrees Celsius and allowed to 
“brew” for fifteen minutes. A third solution was made 
by using McCormick brand organic turmeric powder 
that was purchase from the local grocery store. 15.02 
grams were weighed out and placed directly into a 
beaker containing 150 mL of deionized water. The 
beaker was then placed on a hot plate set to 250 
degrees Celsius and allowed to brew for fifteen 
minutes. 
 The bacteria used in this experiment were 
Streptococcus pyogenes and Escherichia coli. Both 
of these bacteria were purchased from Carolina.com. 
Nutrient agar plates were prepared from nutrient agar 
that was autoclaved for sterilization to be used for E. 
coli. Since S. pyogenes is a gram positive bacteria 
and gram positive bacteria thrive in blood, 5% sheep 
blood plates were purchased from Carolina.com to 
be used for this bacteria. The plates were divided into 
four sections, by drawing lines on the outside of the 
plate with a sharpie. For the experiment, a 24 hour 
culture of each bacteria was cultivated in separate 
test tubes, but both were incubated in nutrient broth. 
Ten microliters of each was pipetted on the plates 
and spread uniformly. Sterile filter papers were 
inoculated with 2000 microliters of each of the above 
solutions (sundried, oven dried, and raw) as well as 
water for the control. One filter paper of each solution 
was placed one of quadrants of the petri dish and 
was labeled accordingly. After 24 hours of incubation 
at 37o Celsius, the zone of inhibition was observed 
and taken in measurement of milliliters. 
 
RESULTS 
 
Using the above method, Curcuma longa showed to 
no effect on the bacteria E. coli and S. pyogenes. 
This is concluded because after the experiment was 
conducted, there were no observable zones of 
inhibition on any of the plates of bacteria, even 
though according to previous research, turmeric has 
been proven to be antibacterial in some studies 
against S. pyogenes (Kumar et al., 2001) and E. coli 
(Paray et al., 2018).  
 
DISCUSSION 
 
To investigate the antibacterial properties of 
Curcuma longa, aqueous extract solutions were 
prepared in three different scenarios. Previous 
research has proved that an essential oil extract of 
turmeric can be resistant to the following bacteria: E. 
coli, S. aureus, P.aeruginosa (Teles et al. 2019). In 
other research, crude aqueous extracts were taken 
and antibacterial properties were evaluated on 
bacterial pathogens E.coli and S. aureus. Contrary to 
the results in this study, the aqueous extracts proved 
to be susceptible to various bacteria, including the 

two used in this study (Paray et al. 2018).  
 The results in this experiment were not consistent 
with previous studies. Both bacteria were resistant to 
the raw turmeric solution, the oven dried solution, 
and the store bought powder solution. There were no 
zones of inhibition to be measured.  To further this 
study, more trials should be repeated to ensure 
similar results each time. Another way to test this 
study would be to order turmeric rhizomes from 
various places as well as grow them in lab in order to 
control the environment that the rhizomes grow in. 
This would provide insight as to whether or not the 
environment the rhizome is grown in effect the 
antibacterial properties the root has.  
 Another possible reason for the results that were 
obtained in this study, is the “brew” time not being 
long enough. In a different study, the aqueous 
solutions were in a warm oven “overnight,” (Paray et 
al., 2018). This may suggest that the molecule that 
served to be antibacterial in the other study doesn’t 
immediately go into an aqueous solution and 15 
minutes in hot water was not adequate time in my 
study.  
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The effect of variable environments on aggressive behavior in Betta 
splendens 
 

Cameron Oram 
 
ABSTRACT 
 
Sixteen adult Betta splendens were tested for aggressive behaviors based on environmental changes. Two 
groups of eight fish were randomly assigned. The two groups both experienced both treatments of control and 
variability. The variable group experienced structural changes during the treatment to produce variability. They 
were then tested through an ethogram after each treatment to measure aggressive characteristics. The 
procedure used was focused on the already natural aggression Betta splendens have. Placing a mirror in the 
tank for a duration of fifteen minutes with observation triggers this aggressive behavior. An ethogram was made 
to make observational characteristics measurable and quantitative during this mirror observational period. The 
action of changing the structural environment within each tank comparatively to the same fish being in a controlled 
structural environment did not change aggressive behavior. 
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INTRODUCTION 
 
In our ever-changing world today, the environment is 
no exception. The deforestation and destruction of 
many rural areas have consequently led to the 
destruction of living organisms’ ecosystems. Another 
major factor is crop rotation performed by many 
farmers in which the land is used for more than one 
type of crop yearly. This leads to the organisms living 
in these areas to go through extreme change in their 
environment. These environmental disturbances 
range from machinery destroying or the change 
directly to new implication of environmental factors.  
 How constantly fluctuating environments affect 
organisms and whether this has an effect on their 
survival and conservation is an important aspect to 
research. One response to variable environments 
could be  aggression.  
 The Siamese fighting fish, Betta splendens, is 
currently studied by the scientific community for its 
aggressive behavior. They are native to Thailand, 
Cambodia, Malaysia, and Myanmar (Srikrishnan 
2017). Within those geographic areas, their natural 
habitat is in large, heavily vegetated marshes, rice 
paddies and slow-moving streams. These fish can be 
territorial and are prone to high levels of aggression 
towards each other because of this (Meliska 2004). In 
contrast, females are not as aggressive as males, due 
to the competition and natural selection in the wild. 
Betta splendens are listed as vulnerable by the IUCN. 
The Siamese fighting fish is an ideal subject to study 
aggression in animals, and the variables contributing 
to that behavior.  
 The experimental study of Betta splendens is used 
very often due to how easy it is to identify signals of 
aggression along consistent protocols used to invoke 
these displays are practiced. Opercular flaring will be 
measured according to the number of repetitions, 

along with the strikes accosted with the flaring 
(Meliska 2004). Orientation is also measured to 
identify how “curious” or “timid” their behavior traits 
are. These behavioral attributes of the Siamese 
fighting fish conclude them to be ideal models to study 
the factors affecting aggression.  
 Some things we know as a scientific community 
are; Betta fish can efficiently control the population of 
bacteria (Lima et al 2010). Exposed to mirror image 
for a long duration, they become accustomed and 
show low signs of aggression (Baenninger 2014). 
Initially, Betta fish will show high levels of aggression 
toward mirror image even when dosed with Fluoxetine 
(Bogdan 2010). An audience of other beta splendens 
will create experimental issues when studying 
behavior, this is due to their emitter-reciever dyadic 
interactions and networking with one another 
(Doutrelant 2001). These receivers’ interactions or 
simply the visibility between fish will therefor result in 
altercation of results. Also, Carotenoid Pigments are 
responsible for the color of a betta fish (Clotfelter 
2007). They show examples and non-verbal 
communication of sexual attractiveness between two 
fish. Lastly, fish utilize learning and memory to 
orientate within their natural environments (Way 
2015).  
 My particular research will focus on the effects an 
environment can have on betta levels of aggression. 
More specifically, it will focus on the effects of variable 
structural landscapes. These fish and many other 
organisms in our vast world face new structural 
challenges such as trash, or pollution and some even 
face the opposite or removal of structures due to 
deforestation, or domestication. This experiment will 
result in data to show the true impact many organisms 
are facing and how society/variations are changing 
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their behaviors. 
 
MATERIALS AND METHODS 
 
Fish Care and Maintenance 
Sixteen Betta splendens were purchased for this study 
from Petco in Wichita, KS.  Each fish was set up in 
their own individual fish tank that was blocked off from 
each other, due to prone aggression towards each 
other (Doutrelant 2001). Sixteen new and clean tanks 
were prepared with water and fish pH water 
conditioner. They were left to sit for five days to 
complete conditioning and adjust completely room 
temperature. Next, within each tank, three vegetation 
mimicking structures were placed in the corners, along 
with an air stone connecting to the main filtering air 
pump. The fish were then each added to their 
respectively labeled tanks and once again allowed to 
fully settle in with an acclimation period of three days.  
 
Experimental Setup 
Each of the 16 fish experienced both experimental 
treatments in this repeated measure design. The two 
experimental treatments were: 1) Control treatments, 
which will not undergo any structural changes within 
their tanks. This group will remain constant and only 
be slightly moved during feeding, and 2) Variable 
treatment, which will undergo a structural change 
every day of the treatment period. The structural 
change was made by replacing current and artificial 
vegetation with a new colored and new shaped 
vegetation block. This replacing will occur on one of 
the three already in place artificial vegetation blocks at 
random. 
 After the acclimation period, half of the sample 
population will be the identified as the “Control-1” 
group, and half will be identified as the “Variable-1” 
group. We will need a separate living area for each 
fish in each of their designated (completely random) 
groups. Each tank will have three structures of 
vegetation in three corners. The “Variable” group will 
go through structural change in their environment, 
specifically the replacement of a new structure for an 
old one every single day. The control group will live in 
a stationary, non-changing, environment for the entire 
experiment. From prior knowledge, we know they will 
lose aggression towards a mirror-ethogram study if 
done for a long duration of time. So, we will conduct 
this experiment for only two and a half weeks. *Not 
including set-up or take-down time. 
 Following the initial trials, each fish was given three 
days before the next treatment began. Each treatment 
lasted seven days, and were performed equivalently. 
 Prior to experimental observation, I set up a camera 
to record the trial and then placed the mirror in the tank 
(set-up shown in Figure 1). All observations and 
actions of the fish, including number of opercular 
flares, time spent flaring, time oriented to mirror, color 

change, time spent in each quadrant of tank, and if 
immediate cover was taken was recorded and analyz- 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Observational tank setup and quadrants 
  
ed in the ethogram structure for duration of the 15-
minute trial. After this, the fish will return to its original 
location in the laboratory and relabeled for the 
vice versa scenario in the experiment. i.e. Control to 
Variable or Variable to Control. Another acclimation 
period is then allowed for three days for the 
experiment to settle.  
 A paired t-test was used to compare the results 
found. The comparison between one fish in both 
treatments will conclude in direct relation of structural 
change and aggression. The t-test comparison was 
used to compare the number of opercular flares, time 
spent oriented to mirror, and time spent in each 
quadrant of tank. 
 
RESULTS 
 
The number of opercular flares did not differ  between 
control groups and variable groups (Figure 2; t=0.557, 
df=15, p=0.586). The next specified and measured 
characteristic of these fish was the time spent oriented 
to the mirror. The time spent oriented to the mirror did 
not differ across the environmental treatments (Figure 
3; t=0.629, df=15, p=0.539). The time spent in each 
and all quadrants did not differ across the 
environmental treatments: Quadrant I (Figure 4; 
t=0.069, df=15, p=0.964). Quadrant II (Figure 4; t= 
0.954, df=15, p=0.355). Quadrant III (Figure 4; 
t=0.008, df=15, p=0.994). Quadrant IV (Figure 4; t=-
0.834, df=15, p=0.417). The respective comparisons 
and results are also shown on the following page. 
 
DISCUSSION 
 
Based on the results, it can be concluded that 
aggression to be not affected by the structural change 
of their environment for this specific study. 
 Due to the lack of an effect on aggression in this 
study, it is suggested to redo this experimental 
procedure with accommodating changes. The fish 
used in this experiment were derived from local stores 
and pet carriers. This was due to the availability but 
could have in fact pre-neutralized these fish to 

Quadrant:   I)     II)      III)    IV)     

Mirror
s 
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changes in their environment. From previous 
research, we know the possibility of these fish already 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Number of opercular flares between two 
testing groups, control and variable. (t=0.557, df=15, 
p=0.586) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Comparative results of time spent oriented 
to mirror between two testing groups, control and 
variable. (t=0.629, df=15, p=0.539) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Time spent in each quadrant during trial, 
comparatively between two testing groups, control 
and variable. Quadrant I (t=0.069, df=15, p=0.964). 
Quadrant II (t= 0.954, df=15, p=0.355). Quadrant III 
(t=0.008, df=15, p=0.994). Quadrant IV (t=-0.834, 

df=15, p=0.417) 
 
being exposed to brain stimuli that corrupted natural 
aggressive judgments (Bogdan 2010). Another 
uncertain aspect of this research was the visuality 
between fish at all time. There were small gaps of time 
during experiment where these fish could have made 
visible contact, and this could have skewed the 
results.  
 Another possible source of explanation based on 
our results is called acclimation (Kozlowski 2002). 
This is the process of an organism becoming 
accustom to a new climate or condition. This is an 
extremely important explanation of our result. Betta 
splendens need the ability to adapt or acclimate to a 
new environment to prolong organism life. Without the 
ability to adapt these fish would not be efficient or 
effective in the wild. 
 
ACKNOWLEDGEMENTS 
 
I would like to thank the natural science department 

of McPherson College for preparing me with the 
knowledge to accomplish this research. I would 
like to also thank them for the funding involved in 
this research. I would like to specifically thank 
Dustin Wilgers for the constant guidance and 
advising done during the course of this research. 
Lastly, Jonathan Frye for the assistance and 
editing phases involved in every step of my 
research. 

 
LITERATURE CITED 
 
Baenninger, R. 2014.   Waning of aggressive 

motivation in Betta splendens. Psychonomic 
Science 4: 241-242. 

Bogdan, K, M Gralak, and M Wieslgosz. 2010. Four-
Week Fluoxetine (SSRI) Exposure Diminishes 
Aggressive Behaviour of Male Siamese Fighting 
Fish. Journal of Behavioral and Brain Science 7: 
NA. 

Clotfelter, ED, DR Ardia, and KJ McGraw. 2007. Red 
fish, blue fish: trade-offs between pigmentation 
and community in Betta splendens. Behavioral 
Ecology 18: 1139-1145. 

Doutrelant, C, PK McGregor and RF Olveira. 2001. 
The effect of an audience on intrasexual 
communication in male Siamese fighting fish, 
Betta splendens. Behavioral Ecology 12: 283-286. 

Kozlowski, T and SG Pallardy. 2002. Acclimation and 
adaptive response of woody plants to 
environmental stresses. The Botanical Review 68: 
270-334. 

Meliska, C, J Meliska and H Peeke. 2004. Threat 
displays and combat aggression in Betta 
splendens following visual exposure to 
conspecifics and one-way mirrors. Behavioral and 



 Environmental aggression in Betta splendens – Oram 19 
 

Neural Biology 28: 473-486. 
Lima, JWDO, L Cavalcant, R Pontes and J 

Heukelbach. 2010. Survival of Betta splendens 
fish in domestic water containers and its 
effectiveness in controlling Aedes aegypti larvae in 
Northeast Brazil. TMIH 15: 1525-1532. 

Srikrishnan, R, N Hirimuthugoda, W Rajapakshe. 
2017. Evaluation of growth performance and 
breeding habits of fighting fish (Betta splendens) 
under 3 diets and shelters. Survey in Fisheries 
Sciences 3: 50-65. 

 

 



Cantaurus, Vol. 28, 20-24, May 2020 © McPherson College Department of Natural Science 
 

 

Effectiveness of essential oils from Citrus sinensis and Calendula 
officinalis and organic extract from fruits of Maclura pomifera as 
repellants against the wolf spider Rabidosa punctulata 
 

Garrett Owen 
 
ABSTRACT 
 
The essential oils (EO’s) of Citrus sinensis, Calendual officinalis, and Maclura pomifera were extracted via either 
steam distillation or organic extraction and tested for their repellency effect on the wolf spider, Rabidosa 
punculata. Essential oil repellency was tested in a Y-maze fumigation test and a filter paper contact test. The 
data collected was subjected to statistical analysis; the results from the binomial test of the fumigation trials data 
suggest no significant repellant activity of the fumes of any of the EO’s extracted. Although, Citrus sinensis EO’s 
presented hope for further studies. Results from the Wilcoxon rank sum test of the contact trials data showed 
Calendula officinalis as an effective deterrent against Rabidosa punctulata while the other two EO’s showed no 
significant effects. The isolated EOs from each plant were analyzed using GC/MS to identify the major 
compounds present. Results from the GC/MS showed d-Limonene to be the major component of Citrus sinensis 
at 92.56% while major components of Maclura pomifera were (1S)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene at 
18.96%, 3-Carene at 17.05%, Cedrol at 16.81%, and a-Terpinyl acetate at 5.52%. It was concluded that d-
Limonene is a common ingredient in many insect repellants, but exists as a component of a mixture of several 
chemicals. This could possibly point toward further investigation of citrus EO’s as an active component of a 
mixture of several EO’s for an effective natural spider repellant.  The results of this study also point toward 
potential evidence of the identification of spider olfactory organs as the same sensilla used for taste.  

Keywords: essential oils, natural insect repellants, fumigation trials 
 
INTRODUCTION 
 
Essentials oils (EO’s) are plant produced substances 
that are volatile, fragrant, and typically presented in 
liquid form (Bassolé 2012). The composition of these 
oils are quite complex and consist of many 
hydrocarbon compounds of which are said to give 
them their essence and unique properties. A few of the 
common classes of compounds present in many 
essential oils are alcohols, terpenes, aldehydes, 
esters, and ketones. The properties of essential oils 
vary, but it is possible that common characteristics 
among many EO’s include attracting or repelling 
insects.  (Devi et al. 2015).  Other natural biological 
functions of these chemicals include protecting 
against predators, inhibiting seed germination, and 
communication between other plants (Hanif et al. 
2019).  
 While the exact time of the discovery of EOs is 
unclear, documents suggest they were used as early 
as the ninth century (Hanif et al 2019). Essential oils 
can be extracted from a variety of plant raw materials, 
including leaves, stems, peels, and flowers. Since 
many EOs own a characteristic odor, they are 
commonly used in our everyday lives in materials such 
as cosmetics, toiletries, and perfumery. In addition, 
they have been long recognized for their antibacterial, 
antifungal, antiviral, insecticidal and antioxidant 
properties (Bassolé 2012).  
 In recent years, as the popularity of EOs has begun 
to rise, scientists have begun to perform various 

studies with them. One reason that EOs  have become 
a popular scientific research topic is because of the 
need to find natural pesticides and pest repellants that 
are eco-friendly. Since synthetic chemicals are known 
to cause residual toxicity and raise resistant races of 
the insect pests, it seems logical to turn to natural 
resources as pesticides or repellants since they have 
been present in nature for thousands of years and 
present many different biological activities (Upadhyay 
et al. 2018). A great example is a study done by Gopal 
and Benny (2018), in which they tested to see if EOs 
from Elletaria cardamom, Merremia vitfolia, and 
Peperomia pellucida were effective deterrents against 
different insect orders that coexist with humans from 
day to day. The EOs tested were found to be effective 
toxins against the specific insects. Several different 
studies have been done on insects and results seem 
to differ between specific types of oils. Another 
example is a study done in 2018 by a group of 
scientists who studied the repellant activity of different 
EOs mixed into corn-starch based thixogel. (Nasrul et 
al. 2018). The EOs were found to significantly improve 
repellant activity.  A third example is a study done by 
scientists in 2012 on the repellant properties of several 
essential oils against a species of ants (Scocco et al. 
2012). Results showed that all essential oils at many 
different concentrations were repellent to Argentine 
ants. Although several studies have been conducted 
on different pests, there seems to be a lack of 
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research on eco-friendly repellents for arachnids.  
 Spiders contain a variety of sensory systems.  
(Foelix 1996). In this study, we focus on 
chemoreception. Chemoreception could be olfactory 
or taste-by-touch. The olfaction sense, or the spiders’ 
ability to detect odor EO molecules in the air, will be 
tested through a fumigation test in which the potential 
repellant will be presented in the form of a gas at a low 
concentration. Although the site of the olfaction nerves 
remains unknown, it is known that spiders use this 
sense in many instances including during courtship 
(Foelix 1996). Spiders contain small, microscopic-
sized hairs on the distal ends of their walking legs that 
allow them to determine chemical properties of a 
substrate by barely touching a substrate (Foelix 1996). 
This sensory system, taste-by-touch, will be tested 
through a contact test in which the spiders come into 
physical contact with the essential oils themselves. 
Since the sex-pheromones of spiders undoubtedly 
cause a chemical response to spiders, there is hope 
that similar, volatile chemicals such as essential oils of 
citrus fruit, marigold flowers, and hedge apples will 
elicit a chemical response as well.  
 This study aims to explore the potential repellant 
properties of EOs from three plants, navel oranges 
(Citrus sinensis), marigold flowers (Calendula 
officinalis), and hedge apples (Maclura pomifera) 
against a species of wolf spiders, Rabidosa 
punctulata. This type of wolf spider is one of the more 
common cursorial spiders in the Midwest, yet little 
research has been done considering repellants that 
may help keep them out of our homes.  
 
MATERIALS AND METHODS 
 
For the study navel oranges were purchased from the 
local Walmart. The oranges were peeled. Marigold 
flowers were hand-picked from the McPherson 
College flower beds. Hedge apples were collected 
from the Turkey Creek Golf Course in McPherson, 
Kansas. The orange peels and marigold flowers were 
cut into approximately 1cm x 1cm pieces. The hedge 
apples were cut into approximately 1 inch by 1inch 
cubes. Between 600 g – 1,000 g amounts of each 
plant material was subjected to steam distillation.  
 Essential oils are extracted using a variety of 
techniques, such as distillation and cold press. In this 
specific study, steam distillation was used to extract 
the oils form marigold and citrus oils. In steam 
distillation, a pot of water is placed on a hot plate. The 
pot of water is connected to the distilling container 
which holds the material of which oil is to be extracted. 
The steam from the water will rise and enter the 
container with the orange peels and ass steam is 
passed through the packed bed, it condenses in the 
first element before going to the next (Masango 2003). 
As the steam from the boiling water passes through 
the container with the plant material, the increased 

temperature and pressure helps the release of the 
molecules of EOs from the oil pockets in the plant 
(Valderrama 2018). The EOs and water are eventually 
collected in a piece of glassware used for separating 
mixtures.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Steam distillation apparatus.  
 
 With orange peels, a total of two distillations were 
performed and approximately 3 milliliters of citrus oil 
was extracted. After four distillations of marigold 
flowers, approximately 2mL of EOs was collected. 
However, steam distillation of hedge apples did not 
produce any EOs. Since the hedge apples did not 
produce any EOs, the aqueous liquid collected in the 
still pot from the steam distillation was extracted into 
600 ml of dichloromethane (300mL x 2). The organic 
solvent was removed using a rotary evaporator to 
isolate 500 mg of solid material. The EOs from the 
citrus fruit and the marigold flowers and the isolated 
material from the hedge apples were tested in the 
fumigation and contact trials.   
  
Spider Collection & Behavioral Trials 
 All spiders (N = 132) used in this study were 
collected at night between the dates of September 5, 
2020 and September 9, 2020 in McPherson County, 
KS. The spiders were housed in small cubicle cages, 
one spider per cage, and fed three baby crickets once 
per week. Water was supplied to the spiders through 
a small wick in the bottom of the cage that was 
constantly submerged in water.  
 In order to test the effectiveness of the essential oils 
as deterrents, a y-maze fumigation test was 
conducted. This maze was constructed by attaching 3 
pieces of polyvinyl chloride (PVC) pipe, each 5 inches 
long, into the shape of a y. This type of maze is called 
a bifurcation maze, meaning that it has two branches, 
hence the name Y-maze. This type of maze gives 
immediate results, is very straight forward, and cost-
effective (Czaczkes 2018). The results from this test 
are one of two possibilities. Either the spider does pick 
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the side with the EOs, or doesn’t pick the side with the 
essential oil. 
 The constructed PVC Y-maze laid flat on a table. At 
the end of each branch of the Y there was a filter paper 
that had been taped to fit the end of the pipe as if it 
were a cap. On one side, the filter paper had a pipette 
drop of water and the other side a pipette drop of 
essential oil. In order to account for bias, a dice was 
rolled to determine which side the EOs would be 
placed. At the end of each branch, behind the filter 
paper, a brushless DC 24V fan was placed in order to 
fumigate each branch with the fumes of the specific 
liquid. The fans were attached to the same alkaline 6V 
Energizer battery to ensure equal air flow. Then, at the 
end base of the Y-maze a spider was placed. As the 
spider made its way up the base of the Y, it came to a 
screen half way up the base. Another screen was 
added behind the spider to “trap” it in this area. These 
screens prohibited the spider from walking up a 
chosen branch. At this point, each spider was given 60 
seconds to acclimate to the fumes of each branch. 
After 60 seconds, the screen was removed and the 
spider choose a branch to continue walking through. If 
upon removal of the foremost screen, the back screen 
was gently tapped until the spider chose to walk up the 
maze. After each trial, the maze was wiped clean with 
70% ethanol. A total of 30 tests were ran for each oil, 
except for hedge apple EOs due to the small amount 
of organic extract. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Y-maze apparatus.  
  
 The second test to test repellent activity of EOs was 
a contact test. In this set up, there was a circular dish 
with a diameter of 25 centimeters for the arena. On 
one side of the dish a filter paper that had been 
sprayed three times with a solution of EOs that was 
diluted 50 times with hexane was laid. On the other 
side, a filter paper that had been sprayed with the 
control solvent, hexane, was laid. Once the filter 
papers were placed properly, the spider was dropped 
into the arena in the center where it was held in a vile 
for 60 seconds. This was the acclimation period. I then 
observed the spider for 3 minutes. The amount of time 
that each spider spent on either side was recorded for 
further data analysis. This reaction to the filter paper 
allowed me to observe whether or not the EOs solution 
repelled the spiders by contact.  
 

 
 
 
 
 
 
 
 
 
 
Figure 3. Contact trial arena.  
 
 A binomial test was conducted on the data from the 
y-maze, and a Wilcoxon rank sum test, due to the 
suggested violation of the assumption of normality, 
was used to interpret the contact data. The binomial 
test allowed me to test the null hypothesis that there 
was no repellent activity and that the probability of the 
spider choosing either branch was the same. In the 
one Wilcoxon rank sum test, the sample mean, or 
average time spent on the oil-saturated filter paper, 
was compared to the null hypothesis value of 1 minute 
and 30 seconds.  
 The orange and marigold EOs were sent to the 
University of Nebraska for a GC/MS to be ran on the 
samples. The instrument used for analysis was a 
Thermo Scientific Trace 1310 oven coupled to a 
Thermo Scientific ISQ-LT mass spectrometer (single 
quadrupole) operated in electron ionization mode.  
 
RESULTS 
 
In the fumigation trials, none of the essential oils were 
a significant deterrent, to the spiders, although the 
citrus essential oil provided interesting results 
suggesting a potential trend that might need further 
research (Table 1).  
 
Table 1. Y-maze fumigation trial results. N=30 for 
Citrus and Marigold. N=15 for Hedge. 

EO Repelled Not 
Repelled 

p-value 

Citrus 20 10 0.099 

Marigold 16 14 0.856 

Hedge 7 8 1.00 

 
In the essential oil contact trials, the Marigold EOs 
were shown to be an effective repellant against the 
spiders. The p-value for Marigold was .05<, meaning 
the null hypothesis is rejected. The remaining p-values 
can be seen in Table 2.  
 The results of the GC/MS for the EOs showed d-
Limonene to be the major component of navel 
oranges. The major components of marigold flowers 
were (1S)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene, 3-
Carene, Cedrol and a-Terpinyl acetate) 
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Table 2. Filter paper contact trial results. Null 
hypothesis and average time in seconds. N=30 for 
Citrus and Marigold. N=15 for Hedge. 

EO Null 
Hypothesis 

Average 
Time 

p-value 

Citrus 90  76.35±14.3 0.236 

Marigold 90  66.67±12.8 0.040 

Hedge 90  103.53±21.6 0.881 

 
DISCUSSION 
 
The EOs from navel oranges were determined to be 
ineffective as a wolf spider repellant, but the 
fumigation trials did create some hope for possible 
future studies. In a GC/MS the major component of the 
oranges was determined to be d-Limonene at 92.56%. 
D-Limonene is classified under a group of organic 
compounds commonly found in essential oils called 
monoterpenes and is common in citrus fruits (Yoon et 
al. 2007). In fact, there have been previous studies in 
which the repellent properties of similar citrus fruits are 
investigated against other arthropods (Camara 2015). 
When EOs and their compounds were tested for their 
repellent properties against Tetranychus urticae, a 
type of arachnid, d-Limonene was the most effective 
repellant among the monoterpene hydrocarbons 
tested (Camara 2015). Additional studies have shown 
the repellent activity of specific compounds when 
mixed with d-Limonene to increase (Nasrul et al 
2018.), which offers a possible explanation for the 
results of this study. Perhaps citrus oil, which is 
comprised of mostly d-Limone, possesses little spider 
repellant activity when presented by itself but when 
presented in the form of a mixture the repellant 
properties become amplified.   
 In a similar fashion to the orange EOs, the EOs from 
marigold flowers showed no evidence of overlap in 
their ability to repel wolf spiders through fumigation 
and contact. However, Marigold EOs appeared to 
effectively repel the spiders in the 30 contact trials. 
Perhaps this lack of overlap in the data points toward 
a question that scientists have yet to discover. That is, 
the distinct line between olfaction sense and taste-by-
thouch sense in spider sensory systems (Foelix 1996). 
It has been found that insects possess fine pores in 
the walls of olfactory hairs that allow the detection of 
airborne chemicals. A similar sensilla have yet to be 
found in spiders (Barth 2002). Where are these organs 
possibly located? In previous studies it has been 
suspected that the tip pore sensilla which are used for 
direct contact reception, are the same sensilla used 
for olfaction (Ganske and Uhl 2018). Perhaps the 
results to this study are evidence that the same 
sensilla hairs are used for both forms of 
chemoreception, however, the hairs are simply more 
sensitive to direct contact with chemicals.  
 A second scenario to consider in terms of how 

spiders differentiate between gustation and olfaction 
is the possibility that spiders may use a high order 
differentiation of tip-pore sensilla based on their 
position on the body (Ganske and Uhl 2018). Put 
simply, spiders would be able to use the same sensilla 
for either gustation or olfaction based on their location 
on the spider.  This hypothesis would confer the 
results of the repellency of hedge apples, especially. 
Since the spiders showed to action of being repelled 
by the EOs of hedge apples, this proposed theory of 
sensory can be considered.  
 Overall, the results of this study have provided a 
possible avenue for further research into essential oils 
as spider repellants. While only one of the three oils 
tested showed significant repellant properties, the oils 
were only tested at one concentration. The dilution of 
50 times was randomly chosen due to lack of overall 
amount of EOs. Perhaps the key to essential oils lies 
in the concentration of the oil used. Future studies 
could include beginning with a high concentration and 
gradually decreasing in order to find the optimal 
dilution of the EOs. 
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Activity of mouthwash against Streptococcus species in oral cavity 
 

Angel Salmeron Rattana 
 
ABSTRACT 
 
Mouthwash is one of the methods in maintaining a healthy oral cavity. Mouthwashes can be either cosmetic or 
therapeutic. Therapeutic formulas may control plaque and tooth decay in addition to fighting bad breath. The 
bacterial control focused on in this study is Streptococcus salivarius and Streptococcus mutans. The bacteria will 
be grown on dextrose agar or 5% sheep blood agar that will be rinsed by alcohol, no-alcohol, and hydrogen 
peroxide mouthwash. The growth of bacterial colony should determine relative effectiveness of each mouthwash 
tested. 
 
Keywords: Streptococcus salivarius, Streptococcus mutans, 
 
INTRODUCTION 

The human oral cavity contains over 6 billion bacteria, 
including 700 different species. (Jorn et al., 2005) The 
population growth of specific bacteria in the oral cavity 
produce a biofilm covering the surface of the tooth 
dentin. The development of a tooth biofilm may lead to 
dental carries and halitosis and will require 
interventive hygiene. In the mid 1800’s, before oral 
hygiene was popularized, the drinking of coffee and 
tea led to discoloration of the teeth. In 1873 a 
popularized toothpaste (Colgate) was marketed and in 
1879 Listerine mouthwash was developed promoting 
mass production of oral hygiene products to keep the 
oral cavity maintained. Dietary influences affect the 
amount of sugars available to the microbiome in their 
production of plaque. This varies in consumption of 
simple sugars and acidic liquids. Maintaining a healthy 
oral cavity begins with proper dietary nutrition and 
daily hygiene practices such as flossing, brushing 
teeth, and mouthwashes. (Elamin, 2018) Therapeutic 
mouthwashes are often labeled with a statement of 
their effectiveness for eliminating 99.99% of oral 
bacteria. Consumers are often inundated with 
information on mouthwash advertisements in 
understanding efficacy for general purposes of 
combatting halitosis versus controlling plaque build 
up. Therapeutic mouthwashes can be categorized into 
three groups: Antiseptic, plaque inhibiting, and 
preventive, which is the most commonly used 
mouthwash due to the amount of fluoride. Of these 
three type of therapeutic mouthwashes, this research 
presented in this paper focused on which types 
actually destroy the most bacteria in the oral cavity.   

Many case studies focus on Streptococcus mutans, 
which is the main bacterium that causes dental 
carries. (Forssten et al., 2010) Streptococcus 
salivarius is a beneficial bacterium found in the saliva 
of the oral cavity. Saliva helps with the 
remineralization process of dentin by bringing in more 
calcium, phosphate, and fluoride ions.   Mouthwash 
efficacy has often been tested against the 
streptococcus family of bacteria. (Salehi, 2006; 

Syahdiana, 2018) 
Mouthwashes have different elements in them, 

such as containing chlorhexidine, persica, alcohol. 
Mouthwashes vary in their chemical efficacy 
concentration on decreasing bacterial populations. 
Chlorhexidine is shown to have the most effect in the 
amount of bacteria after use. (Haerian-Ardakani, 
2015) The active ingredient chlorhexidine has the 
greatest impact on bacterial reduction. However, 
chlorhexidine mouthwashes have side effects such as 
leaving a bad taste, tooth discoloration, and a burning 
sensation. (Salehi, 2006)   Hydrogen peroxide can be 
used as an oral rinse in its diluted form as long as it is 
not ingested. The 3% dilution form of hydrogen 
peroxide is shown to be effective against certain 
bacteria.. Giving a general idea of how much bacteria 
is actually being reduced by every single mouthwash 
could help not only myself, but other buyers to decide 
on which mouthwashes to use. Many articles also 
have different types of procedures that are used to 
obtain their results and how to obtain their bacteria. 
One study used a tiny rubber-band to put in-between 
the molar teeth and upper canine to extract the 
bacteria. (Salehi, 2006) Another study cultivated the 
bacteria Streptococcus mutans in a medium and then 
measured the diameter of the colonies that had been 
cultivated on an agar medium. (Cardoso, 2011) The 
overall idea of this experiment is to implement as 
many mouthwashes as possible against 2 types of 
bacteria. The bacteria that will be tested is S.mutans 
and S.salivarius. 
 
MATERIALS AND METHODS 
 
Lyophilized cultures of S.mutans and S.salivarius 
were rehydrated according to the manufacterer’s 
directions (Carolina Biological Supplies and Wards), 
and incubated at 37°C for 48-72 hours. After the 
incubation period, a 24-hour culture was created by 
taking 10 uL of the bacteria and placing it in 10mL 
nutrient broth. On the day of the experiment, the tryptic 
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soy agar plates with 5% sheep’s blood was labeled. 
Each plate was labeled with the corresponding 
mouthwash and bacteria. With a sterile volumetric 
pipette, 0.1mL of the bacteria was spread onto the 
agar. The plate was rotated in a clockwise fashion with 
continuous back and forth motion, so that the entire 
plate is covered with bacteria.  Five milliliters of the 
corresponding mouthwash or deionized water (DI 
control group) was added to the agar plates and 
swirled in a circular motion to cover the entire plate for 
60 seconds. Immediately after, the liquid was 
discarded. Sealed purchased mouthwashes were 
used for their sterility, while the deionized (DI) water 
was sterilized prior to use. Procedures were 
systematic for ten replications in each mouthwash and 
control group. Processed agar plates were inverted in 
an incubator at 37 C for 5 days. The laminar flow hood 
and all workspaces were cleaned before and after use 
with 70% ethanol.  
 
RESULTS 
 
After allowing the bacteria to incubate for 5 days the 
results were observed. The presence of bacterial 
colonies were enumerated on each plate that showed 
a sign of growth. The bacterial growth of S.mutans 
was inconclusive. This was the second attempt of 
trying to grow this bacterial strain, which did not work 
for either attempts; 0 out of 10 plates grew for the no-
alcohol mouthwash. Alcohol mouthwash had 2 out of 
10 plates that exhibited growth. Hydrogen peroxide 
mouthwash inhibited bacterial growth on all plates. 
The control group, water had 4 out of 10 plates that 
exhibited growth. 
 
Table 1 Cultures of S. mutans and S. salivarius were 
each inoculated onto 10 plates of dextrose agar and 
then rinsed off with the corresponding mouthwash or 
water. 

Mouthwash S. mutans            S. salivarius  

No-Alcohol 
(Crest Pro) 

0 0 

Alcohol 
(Listerine) 

0 2 

Hydrogen 
Peroxide    
(Crest 3d) 

0 0 

Water(Control) 0 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 S. salivarius growth on dextrose agar after a 
5-day incubation period from the control group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 S. salivarius growth on dextrose agar after a 
5-day incubation period from the alcohol mouthwash 
 
DISCUSSION 
 
Based on the results, the mouthwashes tested did not 
eliminate 99.99% of S.salivarius. This study only 
focused on one bacterium whereas the oral cavity is a 
community of bacteria interacting and may not 
respond in a similar fashion. Another limitation that 
should also be accounted for is the fact that there was 
only a sample size of ten that were computed for each 
mouthwash. Manufacturers also do not show the 
amount of samples that they had used to give their 
results. Manufactures should base their results on 
continuous studies. This study does not account for 
every mouthwash and brands of mouthwash. 
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S.mutans was not culturable in this study, which may 
have been impacted by the procedure of rehydrating 
the lyophilized bacteria.. Another observation that can 
be made is the fact that the water that was autoclaved 
only had 4 out of the 10 plates with bacterial growth. 
This could be a possibility that rinsing the oral cavity 
could physically remove bacteria and not from 
antibacterial properties. The plates were immediately 
rinsed after being inoculated, which did not allow the 
bacterial broth to set onto the agar properly. A way to 
avoid this is to allow the plates to set for an hour after 
inoculation. 
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The effect of glyphosate on the wolf spider Rabidosa punctulata 
communication 
 

Miaya Sample 
 
ABSTRACT 
 
Communication between wolf spiders is an important component for reproduction. Spiders have the ability to 
communicate through visual cues, acoustic/vibratory signals, and pheromones. Glyphosate is known to be used 
in farming as an herbicide. This study explored whether the presences of glyphosate interfered with the detection 
of female wolf spider pheromones in her silk by male wolf spiders. I ran a repeated measures experiment on to 
see if the glyphosate that was applied to the soil had any effect on the wolf spider communication across different 
timeframes. I found that there is a significant difference in courtship latency between the control (no glyphosate) 
and some of the glyphosate conditions. Interestingly, the effects of glyphosate were more pronounced the longer 
it had been on the substrate. This discovery means that the glyphosate effected the detection by the male and 
the more it was broken down in the soil the more effect observed.  
 
Keywords: wolf spiders, roundup, glyphosate, pheromones 
 
INTRODUCTION 
 
Glyphosate (commonly known as Roundup) is a 
commonly used herbicide in commercial and 
residential areas. Glyphosate is a nonselective 
herbicides that farmers use because it is a simple and 
cost-effective way to control  annual, perennial and 
aquatic weeds (Roberts, 2005). Glyphosate inhibits 
the enzyme 5-enolpyruvylshikimate-3-phosphate 
synthase, which blocks aromatic amino acid 
biosynthesis resulting in the death of the plant 
(Mesnage, 2017). Farmers apply Roundup in three 
different techniques. The first technique happens two 
weeks before planting in early spring.  Thirty-three 
percent of farmers use this technique because the soil 
is not disturbed often (National, 2019). The second 
technique is applying Roundup during planting, called 
crop-destruct method due to the crops not being 
harvestable, performed during the summer (National, 
2019). The third technique is after planting, when the 
Roundup is applied once the crops have ceased in 
production, used during the months of November and 
December (National, 2019).  In 2016, there was an 
average of 300 million pound of glyphosate applied 
(Mesnage, 2017).  
 The target plants are often not the only organism 
affected by this herbicide. Other non-weeds have also 
been shown to be affected by the amount and the 
length of exposure of the glyphosate (Farinós, 2018). Beyond 
the effects on plants, other important members of the 
prairie ecosystem are affected as well.  
 Spiders are arthropod predators found in nearly 
every terrestrial ecosystem. Arachnids are a natural 
pest control, so pesticides in some ecosystems are not 
needed. These secondary consumers allow the 
ecosystem to stay within homeostasis, since they are 
controlling the number of primary consumers present 
within the ecosystem. Grass sites are abundant in 

Lycosidae and Gnaphosidae, two common ground-
dwelling arachnids. Lycosids are particular in their 
habitat choice, as they will leave if conditions are poor  
(Weeks, 2000). If secondary consumers are not 
residing in areas the potential for that ecosystem to 
get out of homeostasis grows significantly, due to 
primary consumers numbers increasing rapidly. With 
the increasing number of primary consumers, farmers 
have applied more pesticides into the ecosystem as a 
way of controlling the primary consumers (Farinós, 
2018).  
 Exposure to different pesticides have shown mixed 
effects on spider populations. Researchers found an 
increase in ground dwelling predators in cotton fields 
treated with the glyphosates (Farinós, 2018). 
However, exposure to sublethal pesticides has been 
seen to effect predation, competition between 
organisms, density-dependent relationships, and the 
development of the population (Farina, 2018). Virginie 
Party and colleagues wrote an article that looked at 
the affects that odor backgrounds on the pheromones 
of moths. They found that the volatile compounds 
effected the male’s pheromones trigged walking 
response (Party, 2013), delaying the response of the 
male moths.  
  One aspect of spider biology that has not been 
investigated in relation to the application of pesticides 
is its effect on spider communication systems. Spiders 
have the capability to communicate in various forms, 
including one of their more important modalities, 
chemical (Kronestedt, 1996). Using a variety of 
pheromones, wolf spiders can gather a variety of 
information on the spider that was there, including sex, 
species, and body condition (Roberts, 2005). The 
detection of pheromones is important for the initiation 
of male courtship displays to females (Bell, 2015).   
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 Upon detection of female silk, male Rabidosa 
punctulate court  by raising their front legs and 
vibrating them quickly in the air. Courtship allows for 
the male to gain the attention of the female he wishes 
to mate with, while also getting an arousal or stimulus 
from the female (Robinson, 1982). So if the glyphosate 
masks the pheromone, the male possibly will miss the 
opportunity to mate. 
 This study examined whether the presence of 
glyphosate affected the male wolf spider ability to 
sense the female wolf spider silk in the area. 
 The effect that roundup has on spider 
communication is important due to the effect that 
comes on a secondary consumer. If the reproduction 
of a secondary level organism is affected, the potential 
for the homeostasis of the ecosystem to become 
unbalanced increases greatly.   
 
MATERIALS AND METHODS 
 
In order to obtain wolf spiders for the study, we went 
to a pasture in McPherson County, KS.  We collected 
120 Rabidosa punctulata wolf spiders and then, 
housed them in individual plastic containers that are 
8.4 x 8.4 x 11.0 cm (Chai, 2016). Spiders containers 
were checked for molts every two to three days and 
fed three crickets once a week. Water was provided 
through a wick in the bottom of the cage (Chai, 2016. 
Only immature females were collected, however, 
some of the males were already mature in the field. 
 Ten to fifteen days following maturation of females, 
trials began. Twenty-five males were ran through a 
repeated trials. Females ran through only two 
conditions, but I made sure that males were not paired 
with the same female during different conditions. The 
experimental conditions were the control group (no 
glyphosate), immediate exposure after the application 
of roundup (0 days), seven days after application of 
roundup, and fourteen days after application of 
roundup. Each trial was examined for a total time of 15 
minutes. All trials, for every condition, took place in 
plastic circular arenas that have a diameter of 20.2 cm, 
and a height of 7.3 cm (Wilgers, 2016), that had the 
walls darkened to help remove visual distractions 
(Wilgers, 2016). Peat moss soil was placed inside the 
arena about a centimeter thick that may or may not 
contain roundup depending on condition, and the silk 
the female has laid down for that trail. Depending on 
the condition, the peat moss was sprayed 25 times 
with standard Roundup prior to the female laying her 
silk. The peat moss was placed inside a container, 
where the soil was sprayed and then dated for 
records. The amount of sprays was calculated from 
the standard amount of Roundup applied to Kansas 
farmlands. After the female has laid her silk, she will 
be removed from the arena, whereupon the male was 
introduced and I watched for his display of courtship 
for a maximum of 15 minutes. In each trial, I observed 

the latency to begin courtship and the number of 
courtship bouts expressed by the male wolf spider. All 
male spiders were ran through conditions in the same 
format (7 day, 14 day, control, then 0 days). For the 
immediate exposure, I waited 10 minutes before 
introducing the male so the fumes of the roundup 
would not have an influence. I used a non-parametric 
repeated measures ANOVA followed by pairwise 
comparisons (Durbin-Conover) to analyze my results. 
 
RESULTS 
  
Male courtship was affected by the presence of 
glyphosate. The presence of glyphosate resulted in 
greater latency to court (χ²=21.8 df=3 p=<.001; Figure 
1). The effect was more pronounced the longer the 
glyphosate had been on the substrate.  Male spiders 
had a greater latency as the glyphosate broke down 
over the days (Table 1; Figure 1).  
 

Figure 1. Courtship latency for Rabidosa punctulata 
across different treatments with exposure to 
Glyphosate (C = Control, 0 days = 0 days after 
application, 7 days = 7 days after application, 14 days 
= 14 days after application) 
 
Table 1. Courtship Latency pairwise comparison 

Comparison Statistic p-value 

C – 0 days 4.376 <.001* 

C – 7 days 3.615  < .001*  

C – 14 days 6.089  < .001*  

0 – 7 days 0.761  0.451 

0 – 14 days 1.713  0.094 

7 – 14 days 2.474  0.018 

*Significant after Bonferroni correction 
 
 My results suggest that courtship rate was not 
affected by glyphosate (χ²=3.08 df=3 p=0.38) Once 
males began courting a female, the responded with 
relatively the same bouts per minute across all 
treatments (Figure 2) 
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Figure 2. Courtship rate for Rabidosa punctulata 
across different treatments with exposure to Roundup 
(C = Control, 0 days = 0 days after application,7days 
= 7 days after application, 14 days = 14 days after 
application) 
 
 DISCUSSION 
 
There was significate evidence that glyphosate does 
affect the communication between wolf spiders. 
Spiders delayed their courtship when in the presence 
of roundup applied up to 14 days prior.  
 Interestingly, the greatest latency to court was 
when males were exposed to roundup that was 
applied 14 days  ago. This may have occurred due to 
the breakdown of the glyphosate. X Yang and 
colleagues wrote an article analyzing the 
characteristics of glyphosate as it decays. Yang and 
his colleagues found that the residues of the 
glyphosate were detectable in 0-30 cm of topsoil after 
748 days of application, this lets me know the male 
spider having a hard time detecting the pheromones 
of the female makes sense in the 14 days after 
application since the residues of the glyphosate had 
the ability to influence the pheromones the male 
detected. Yang also discovered that there was also 
57% concentration of glyphosate in 0-10 cm of the 
topsoil 7 days after application, if this experiment was 
performed again after having this knowing I would 
make sure the soil that the glyphosate was applied to 
was less than 10cm, so to  ensure the glyphosate was 
solely influencing the male spider and not the residues 
of the glyphosate.  
 An article title Herbicides and their Lethal and Sub-
lethal Effects on the Chemical Communication System 
of Xenopus levis focused on herbicides affecting 
tadpoles. K. A. Yuill Proctor analyzed the effects of 
herbicides present at sublethal levels on tadpoles. 
Proctor found that atrazine – an herbicide that inhibits 
photosynthesis- affected amphibians directly and 
indirectly by the spray’s runoff into the water sources, 
females were affected by being drawn to female-
female chemical cue interactions. When amphibians 
were introduced to glyphosate, they found that 
depending on if the glyphosate was organic or 

synthetically made had different effects on the 
amphibians (Proctor, 2004). Synthetic glyphosate had 
less of an effect on the amphibians unlike the organic 
glyphosate (Proctor, 2004). Another discovery about 
the synthetic glyphosate was if the glyphosate 
pesticides had polyethoxylated tallowamine surfactant 
present in the solution, the herbicide was toxic rather 
than herbicides synthetically made that had 
glyphosate solely present (Proctor, 20004). I did not 
analyze rather the glyphosate in the roundup was 
paired with polyethoxylated tallowamine, but if the 
glyphosate was paired that would also make sense for 
the males having difficulty detecting the female 
pheromones since the toxicity would be increased. 
 The male spiders were ran through the same 
conditions in the same order, 7 day then 14 day then 
control (no application) then 0 day. This method could 
have affected my results by the males because males 
become accustomed to the experiment and may 
consistently respond differently in early versus late 
trials. This would have been a concern if males 
continuously shortened their courtship latencies 
across the different treatments, but this pattern was 
not evident. 
 In conclusion, the glyphosate affected the latency 
of the male due to the residues the glyphosate was 
down into in the 14 day after application trials. The 
residues of the glyphosate may have been blocking 
the pheromones of the female on the silk.   
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The effect of developmental environment on choice of egg deposition in 
Drosophila  melanogaster  
 

Meklit Tilahun  
 
ABSTRACT 
 
There are many factors that affect behaviors and important decisions made by organisms, such as reproduction 
and the location of egg deposition. Factors like genetics and developmental environment influence how an 
organism responds to different circumstances. The model organism used was Drosophila melanogaster, due to 
their rapid life cycle. This organism has a short lifespan and is relatively easy to work with. The decision and 
selection of food can be altered by offering certain types of diet to the Drosophila melanogaster. Behavioral 
studies show how fruit flies can be influenced by their habitat and surrounding as much as their genetics and 
nature. The Drosophila were paired for reproduction and studied the distribution of the offspring among the two 
fruits we used. Pear and banana are the two fruits used because they are both natural sugar.  The fruit flies were 
nurtured on one of the food types and were put in trials to pick a specific fruit they wanted their offspring to be 
raised in. The flies significantly preferred pear over banana, but the developmental environment of Drosophila 
melanogaster doesn’t affect the habitat they chose to lay eggs on. This experiment shows how certain types of 
food have more benefits and survival rates for the development of Drosophila melanogaster. Understanding the 
type of fruit the organisms are the most attracted to will improve the durability and reproduction of Drosophila in 
future studies. 
 
INTRODUCTION 
 
An organism’s phenotype is affected by both their 
genes and their environment. The body inherits 
information that codes for the phenotype in the form of 
DNA that comes from the parents’ gametes. For 
example, wing shape, eye color, and body-color have 
all been found to be heritable in Drosophila 
melanogaster (Hamby 2016). But in many cases, the 
environment can play as big or greater role in 
determining the phenotype of organisms. Experience 
can influence behavioral phenotypes, which makes 
the offspring of a certain generation practice the same 
lifestyle (Daniel et al. 2013). 
 Behavior is a complex trait that is known to be 
influenced by both genetics and the environment.  The 
behavioral traits observed in Drosophila are 
aggressiveness, mating, courtship, and feeding. 
These traits  could be influenced by a variety of 
environmental factors, such as temperature, light,  
climate and even host restrictions.  
 A study was done on biotic and abiotic factors that 
impact the behavior of Drosophila suzukii. It showed 
that the habitat factors that influence behavior are host 
type, host quality, temperature, and humidity.  An 
organism would have a higher tendency of preferring 
a warm environment if the organism was in a high-
temperature climate area all their lives (Hamby et al. 
2016). The temperature the organism is in can also 
affect its movement and how actively they interact with 
each other. Too hot or too cold habitat can limit the 
reproduction levels of fruit flies. (Markow 2008). 
  Food preferences are exhibited through behavioral 
choices made during all stages of life. One would 
expect the expression of this trait to be potentially 

influenced by both what the previous generation was 
able to successfully feed on as well as what is 
currently available in the environment (Beck 2006). 
Food preference can be directly related to survival and 
this is completely dependent on the environment a fly 
is found in (White et al. 2013). The objective of this 
experimental research is to explore the effect of the 
developmental environment on the choice of egg 
deposition in Drosophila melanogaster? The choice of 
diet in Drosophila might be based on the habitat they 
grew up in and are familiar with. The intent of this 
experiment is to see the connection between 
behavior, and ecology.  
 
MATERIALS AND METHODS  
 
The main purpose of this experiment is to identify what 
effects the developmental environment has on the 
choice of egg deposition. Glass vials were prepared to 
provide an environment in which the Drosophila can 
multiply. Two different fruits, banana, and pear were 
placed in two separate empty vials to start the 
experiment. A few male and female fruit flies 
(Drosophila cultures from Carolina Biological Supply) 
were added to each vial to create the parent 
generation that experienced different food 
developmental environments. The two diet options 
provided for the Drosophila were bananas and pears 
which contain adequate carbohydrates and protein 
nutrients to enhance survival rates.  
 After the parent flies had matured, their preference 
of food media for egg deposition was examined.  I 
brought a male and a female Drosophila from the 
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same parent vial and put them in the test container. 
The container consisted of a fresh pear and banana 
vial. The Drosophila were able to fly around, 
reproduce, and lay eggs in the vial they chose. This 
was repeated for multiple pairs (N=20 pear parent 
pairs, N=13 banana parent pairs). After the offspring 
started developing and were able to be transferred. I 
counted the number of offspring that hatched from 
each of the food media options for each pair. The data 
gathered in the experiment was analyzed using a chi-
square test. 
 
RESULTS 
 
Both banana and pear vials from the parent choice 
experiment had offspring develop in them. Some 
vials had higher amounts of offspring than others. 
 
Table 1. The total amount and the percentage of 

offspring found in each vital after the trials  
 

Parent 
Fruit  

Pear 
Offspring 
# (%) 

Banana 
Offspring 
# (%) 

Total 
number of 
Offsprings   

Pear 245 
(67.49%) 

118 
(32.51%) 

363 

Banana 93 
(75.61%) 

30 
(24.39%) 

123 

 
 The choice to deposit eggs was not influenced by 
the Drosophila developmental environment (chi-
square= 2.39, P=0.15). However, there was an 
overall difference in the number of offspring that 
developed in each food type (chi-square = 6.76, 
P=0.01). The result indicates that pear fruit is the 
preferred habitat in Drosophila regardless of the 
environment the offspring were raised in.  
 
DISCUSION 
 
The overall result indicates that the offspring selected 
pear fruit more than banana despite the fruit they 
were raised on. We had more pear parents than 
banana parents from the original generation, this 
could affect the outcome numbers of the two different 
populations. The development of Drosophila depends 
on various fruit hosts. The fruit type and the ripeness 
can impact the growth of the organism (Lee et al. 
2015). Thus, the difference observed could be 
explained by the survival rate of fruit flies being 
higher in pear fruit because of the nutrition content. 
The nature of the pears might have an influence on 
the choice of the Drosophila. Drosophila needs 
sugar, alcohol and other nutrients to develop 
(Colombani et al. 2003). A medium-sized pear 
contains 0.6 g protein, 27 g carbohydrates, 17 g 
sugar,  6 g of fiber,0.6 g of fat, and has 101 calories. 
A medium-sized banana contains 1.1 g protein, 22.8 

g carbohydrates, 12.2 g sugar, 2.6 g fiber, 0.3 g fat 
and has 89 calories. Pears have a high amount of 
nutrients that Drosophila melanogaster needs to 
survive. 
 Since the number of eggs the parents laid weren’t 
counted but focused on the offspring that hatched to 
become an adult, there is no specific way of telling 
how many eggs were laid in each vitals originally. 
The counting system displays the number of 
Drosophila that survived to become an adult. The 
natural nutrients in pear could simply be a good 
hatching environment for Drosophila. This should be 
explored further in future experiments. 
 Microbial activities in the vials can be another 
factor that affected the collection of the data. The role 
of microorganisms and their impact on larval survival 
and their reproduction is the biotic factor that impacts 
the development of Drosophila (Hamby et al. 2016).  
The fruits were getting rotten in a few days but the 
Drosophila were kept in the containers until the larva 
is in an adult stage to be transported and counted, 
which took about two weeks. When this situation was 
observed after a few trials the decision was made to 
autoclave the fruits and the equipment used to have 
a better chance of development of the 
organism.There was a better chance of offsprings 
developing into adults in banana but had way fewer 
offsprings from the pear fruit.  
 Distinguishing the type of fruit Drosophila has a 
high chance of surviving in is beneficial for future 
studies. The study of organismal behavior can be 
done by controlling several variables while nurturing 
the organism with a specific fruit we want them to lay 
eggs on. Fertility issues can be addressed and 
resolved through expanded studies similar to this 
experiment.  
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The effect of audible sound on the kinetics of an inorganic and an 
enzyme catalyzed reaction 
 

Kaitlyn van Asselt 
 
ABSTRACT 
 
The application of audible sound to biological systems has shown a variety of results in biological systems, such 
as seed germination of plants and specific enzymatic activity of rice-koji. This study focuses on two types of 
chemical reactions, one inorganic and the other biological, the effects of audible sound on the kinetics of the 
Iodine Clock reaction and the Potato Acid Phosphatase reaction. Audible sound in the form of white noise at 104 
dB produced no significant effects on the rate of the Iodine Clock reaction. Potato acid phosphatase reactions 
irradiated under the frequencies of 100, 1000, 6300 Hz, as well as under white noise conditions also showed no 
significant differences in reaction rates. The reactions produced statistical values ranging from P=0.337 to 
P=0.966. Thus the conclusion is that under the conditions of this study audible sound has no effect on the reaction 
rates of Iodine Clock and Potato Acid Phosphatase reactions. 
 
Keywords: Iodine Clock Reaction, Potato Acid Phosphatase, Audible Sound 
 
INTRODUCTION 
 
The application of sound to biological systems has 
shown many results over a variety of fields. Many 
studies have been conducted on the effects of audible 
sound on plants. Studies have shown that a seed 
germination bioassay produced more sprouted seeds 
when exposed to music or noise. (Creath K. Schwartz 
G. 2004) The application of sound waves to plants has 
been shown to increase yield and strengthen the plant 
immune system. (Hassanien R. Hou T.Z. 2014) When 
treated with acoustic frequency strawberry leaves 
have shown an increase in net photosynthetic rate as 
well as augmentation of chlorophyll content and the 
number of fruits and flowers. (Meng Q. Zhou Q. et al. 
2012) A study found that sound waves have effects on 
the specific enzymatic activity of rice-koji. Although 
the mechanism of imposed frequency and its impact 
on rice-koji was not determined, the study suggests 
that sound may play an important environmental role 
in the making of rice-koji. (Saigusa N. Imayama S. et 
al. 2015) Each of these biological systems must 
involve chemistry in some manner. 
 There is little literature indicating that the effect of 
audible sound on chemical reaction systems has been 
significantly studied. Sound has been shown to affect 
reaction rates. Early literature has shown that the 
addition of sonic energy to the hydrolysis of potassium 
persulfate will increase the reaction rate as well as the 
concentration of persulfate. (Schumb W. Rittner E. 
1940) In oxidations using audible frequencies it was 
confirmed that chemical activation occurs during sonic 
cavitation. (Flosdorf E. Chambers L. et al. 1936) 
Ultrasound waves can expand and compress the 
medium they travel through, allowing the waves to 
physically act on cells and biomolecules. (Pitt W. 
Husseini G. et al. 2006) 
 More recent literature has shown that application of 

single frequency computer generated sounds will 
increase crystal yield as well as crystal purity in the 
protein crystallization process. (Zhang C.Y. Wang Y. 
et al. 2016) Further research has shown that this 
increased yield and purity also takes place under 
exposure to “real-world” sounds found in the everyday 
environment. This is proposed to be due to an 
increase in the nucleation rate of the protein. (Zhang 
C.Y. Liu Y. et al. 2018)   
 Sound is produced by soundwaves. As a sound 
wave travels molecules and other elements of air are 
compressed and moved from equilibrium. Changes in 
pressure and density are also observed following the 
wave motion direction. There are three main 
categories of sound waves: audible, infrasonic, and 
ultrasound. Sound waves are composed of a 
frequency, a wavelength, and an amplitude. White 
noise is a continuum of frequencies equally distributed 
over the whole hearing range.  (Serway R.A. Jewett 
J.W. 2016) 
 It was decided to probe the effects of audible sound 
on the reaction rates of an inorganic reaction as well 
as biochemical reaction. The two reactions chosen 
were the Iodine clock reaction and Potato Acid 
Phosphatase cleavage of substrates. 
 Iodine clock reactions are well known for their easily 
visible color change. They serve as a good example 
to observe solution kinetics. 
 
        5HSO3

- + 2IO3
-  I2 + 5SO4

2- + H2O + 3H+ 

 
There has been research done on the mechanisms for 
these reactions. The reduction of iodate by bisulfate in 
the reaction produces an iodate species. One study 
suggests that the rate determining step of the reaction 
is related to migration and reaction of these species. 
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(Lambert J.L. Fina G.T. 1984) 
 Experiments have been formulated to study the 
enzymatic assay of potato acid phosphatase. 
(Bergmeyer H.U. Gawehn K. et al. 1974 
 
p-Nitrophenyl Phosphate + H2O Phosphatase, Acid  
     p-Nitrophenol +Pi 
 
These experiments use the method of quenching to 
stop the reaction in the samples taken out for analysis. 
Quenching is useful when running spectrophotometric 
analysis. 
 
MATERIALS AND METHODS 
 
Iodine Clock Reaction 
A solution of 0.036 M KIO3 was prepared in a 250 mL 
volumetric flask by dissolving 1.926 g of KIO3 (Sigma-
Aldrich) into water. Using approximately 200 mL of 
water and 2 g of starch, a starch water solution was 
made. A solution of 0.016 M NaHSO3 was then made 
by dissolving 0.1664 g of NaHSO3 (Mallinckrodt) into 
the starch water in a 100 mL volumetric flask. (Hall J.F. 
1997) A three place scale was used to measure all the 
weights.   
 
Method 1: Generating independent solutions for 
comparison of means 
Initial trials were run to determine the average kinetic 
rate of the iodine clock reaction in a normal room 
environment. The reaction was prepared by adding 
25.00 g of water, 20.00 g of the KIO3 solution into a 
beaker. The beaker was set up in front of a phone 
camera and the recording started. 5.00 g of HSO3 
solution was then added followed by thirty seconds of 
stirring with a stir rod. When a deep blue color began 
to appear, the camera was stopped, and another trial 
was set up. Four trials were run simultaneously in front 
of the camera. The length of the trial was determined 
by the time from when the HSO3 solution was added 
to the second the reaction began to turn blue. (Hall 
J.F. 1997)  
 A similar experimental set up was utilized in the 
sound irradiation trials. The prepared beaker and 
solution were placed into a plastic container (Walmart) 
with two powered speakers (Chemistry Lab) set up on 
either side of the beaker. The speakers were turned to 
¾ on the volume setting. Decibels were measured on 
an iPhone using the Decibel X app. A computer was 
connected to the speakers and the website 
mynoise.net used for generating white noise (20-
20,000 Hz). At the end of the reaction the temperature 
of each solution was measured. 
 
Method 2: Generating and splitting a single 
solution for individual paired t-tests 
A new method of data collection was devised which 
increased precision. Generating one solution and 

splitting it proved to be the best method to produce 
and compare identical solutions exposed to different 
environments. In this method, 12.5 g of water and 2.50 
g of HSO3 solution were measured into one large test 
tube and vortexed. 10.00 g of KIO3 solution was 
measured into a second large test tube. The camera 
was started and the KIO3 solution was poured into the 
first test tube and the entire solution was poured back 
into the second test tube and vortexed for ten 
seconds. This solution was split evenly between two 
medium sized test tubes with one placed into an 
insulated high sound environment and the other into 
an insulated low sound environment. It took 
approximately thirty seconds to transfer the test tubes 
into the two environments. The length of the trial was 
determined by the time from when the HSO3 solution 
was added to the second the reaction began to turn 
blue. 
 A variety of methods were determined to test pH, 
gas content, and stirring. These methods allowed 
each run to be tested as an individual. The test tubes 
were acid washed in 3 M HCl for thirty minutes before 
tests were run. Trials were run with stirring and without 
stirring. The reactions were sparged with Helium 
(99.9%) and compressed air (Melhorn Science Lab).  
 
Potato Acid Phosphatase Reaction  
A 100mL of 90mM citrate buffer of pH 4.8 (2.6465g 
Citric Acid (Sigma-Aldrich) in 100 mL of DI water, 
adjusted to pH 4.8 using HCl) along with a 15.2 mM 
solution of p-nitrophenyl phosphate (PNPP) (6.08 mL 
of 0.05 M stock PNPP solution diluted to 20 mL with 
DI water) and 1 L of a 100 mM NaOH (4g NaOH 
(Fischer) in 1 L of DI water) solution were prepared. 
An enzyme solution containing 0.15-0.25 unit/mL of 
acid phosphatase was prepared by diluting 1mg of 
lyophilized potato acid phosphatase (Sigma-Aldrich) 
in 12 mL of cold deionized water. Fifteen test tubes, 
seven for each sound environment and one for a 
blank, were filled with 2.5 mL of the NaOH solution. 
 In a large test tube, a solution was made using 3 
mL of the citrate buffer and 3 mL of the PNPP 
solutions. Enzyme solution, 0.60 mL, was added to the 
test tube and the solution was vortexed thoroughly. 
Immediately, 0.50 mL of the solution was removed and 
added into one of the test tubes containing the NaOH 
solution to quench the reaction. This solution served 
as the blank for both sound environments. The 
solution was evenly split between two test tubes and 
placed into the two different sound environments. 
Aliquots of 0.50 mL were removed from each sound 
environment and quenched at five-minute intervals. In 
the sound environment, the samples were surrounded 
by the two speakers and insulation and exposed to 
white noise generated by the website mynoise.com. 
The low sound environment was an insulated 
container placed on a different countertop in a 
separate part of the room. Absorbances were 
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measured at 410 nm in plastic cuvettes using a 
Genesys 10S UV-VIS Spectrophotometer (Thermo 
Scientific). (Bergmeyer H.U. Gawehn K. et al. 1974) 
 Trials were run in a similar manner at the 
frequencies of 100, 1000, and 6300 Hz generated by 
the website szynalski.com. Frequencies were 
confirmed by the app Piano Tuner. 
 The rates of the two different types of reactions 
were calculated by plotting Absorbance vs Time and 
the LINEST function on Excel was used to determine 
slope and standard deviation of the slope. 
 
RESULTS 
 
Iodine Clock Reaction 
 
Method 1: Generating independent solutions for 
comparison of means 
Forty initial trials of the Iodine clock reaction were run 
by generating each test solution independently. These 
trials were used to develop and increase precision as 
well as the appropriate method of dispensing 
solutions. Initial trials were run using volumetric 
addition of reagents but did not yield results that were 
reproducible enough to show statistical differences. 
The solutions were then measured out gravimetrically 
rather than volumetrically as weighing out the 
reagents to two decimal places yielded more 
consistent results but were still not precise enough to 
draw any statistical conclusions.  
 Trials were run with ambient sound on the lab table 
and others were exposed to sound via speakers in a 
closed box. The sound environment was measured at 
104 dB and the low sound environment was measured 
at 60 dB. Three groups of trials were run, with different 
batches of solutions made for each of the groups. 
None of the groups showed a significant statistical 
difference in the reaction rate.  Although they were 
often within a minute of each other, there was very 
little consistency in reaction rates as some trials 
showed sound took longer and some trials showed low 
sound took longer. 
 
Method 2: Generating and splitting a single 
solution for individual paired t-tests 
Initial trials proved irreproducible, so a new method of 
data collection was devised to increase precision. The 
Low sound environment was changed to an insulated 
box measured at 33 dB to reduce ambient sound. The 
high sound environment remained the same.  
 These results minimized the error of the previous 
dispensing methods. There was still variation between 
runs, but the new method helped to produce greater 
consistency within each run. This method of splitting 
the solution allowed for the results to be evaluated with 
paired t tests (assuming equal variance).  
 Table 1 showcases the results of the first set of 
concentrations of KIO3 and IO3. These trials ran for a 

shorter period of time, approximately four and a half 
minutes. Group 1 is the set of trials run in beakers, p-
value of 0.923. The trials of Groups 2-6 were run in 
test tubes. The p-values were 0.966, 0.874, 0.337, 
0.889, and 0.506 respectively. 
 Table 2 showcases the results of the trials run at 
the second set of concentrations of KIO3 and IO3. 
These trials ran for a longer period of time, around 
eight minutes. 
 
Table 1. Groups represent trials done with a single 
batch of reagents. Group 1 was run in beakers, groups 
2-6 were run in test tubes. The mean difference is LS-
S. Time is in seconds and temperature is in °C.  LS- 
Low sound, S- Sound 
 

Group 1 2 3 4 

# runs 5 4 2 4 

[KIO3] 0.0144 0.0144 0.0144 0.0144 

[HSO3] 0.0016 0.0016 0.0016 0.0016 

Average 
Time S 

288.2 252 246.5 245.5 

Average 
Time LS 

289 252.5 243 243.25 

Average 
Temp  

20.3 20.83 20.8 21.7 

Mean  
Difference  

0.8 0.5 -3.5 -2.25 

p-values 0.923 0.966 0.874 0.337 

     

 
Table 2. Groups represent trials done with a single 
batch of reagents. The mean difference is LS-S. Time 
is in seconds and temperature is in °C. 
 

Group 5 6 

# runs 2 8 

[KIO3] 0.0072 0.0072 

[HSO3] 0.0016 0.0016 

Average Time 
Sound 

503.5 491.625 

Average Time  
Low Sound 

501 495.125 

Average Temp  20.95 21.113 

Mean 
Difference  

-2.5 3.5 

p-values 0.889 0.506 

   

 

 The p-values of each of these trials are close to 1.0 
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which indicates that they support the null hypothesis 
and show very little difference in the reaction rates 
between the sound and low sound environments.  
 Pooling all of the twenty-eight trials, both shorter 
and longer times, resulted in a p-value of 0.980. 
 Attempts were made to understand and reduce 
error by sparging the solution, stirring the solution, and 
controlling the pH of the glassware. These results 
were inconclusive. 
 
Potato Acid Phosphatase Reaction  
An initial trial of the potato acid phosphatase reaction 
was run at 37°C. The same procedure was followed to 
run trials at room temperature. These trials were run 
under white noise conditions as well as at 100, 1000, 
and 6300 Hz. The slopes were then analyzed using 
the LINEST function. These trials produced no 
significant statistical differences in the rate of kinetics 
of low sound versus sound. 
 Table 3 showcases the rates (slopes) and standard 
deviations of the potato acid phosphatase reactions 
under different treatments. The first two trials were run 
with one enzyme solution. A new one was made for 
trials three through six. Trial 7 was run with a new 
enzyme solution on a different date. 
 
Table 3. The reaction rates (slope) and standard 
deviations (SD) of potato acid phosphatase reactions. 
Slope and SD generated with LINEST function. Slope 
and SD reported in (10-4 absorbance per second). 
 

Trials Treatment Slope(st. dev.) 

1 - Sound 
1 - Low Sound 

White noise 
White noise 

6.791 (0.233) 
6.625 (0.085) 

2 - Sound 
2 - Low Sound 

White noise 
White noise 

7.622 (0.185) 
7.494 (0.150) 

3 - Sound 
3 - Low Sound 

100 Hz 
100 Hz 

4.311 (0.234) 
4.294 (0.032) 

4 - Sound  
4 - Low Sound 

1000 Hz 
1000 Hz 

3.724 (0.308) 
4.141 (0.075) 

5 - Sound 
5 - Low Sound 

1000 Hz 
1000 Hz 

4.105 (0.065) 
4.150 (0.131) 

6 - Sound 
6 - Low Sound 

6300 Hz 
6300 Hz 

3.527 (0.103) 
3.911 (0.101) 

New Enzyme  Solution  

7 - Sound 
7 - Low Sound 

6300 Hz 
6300 Hz 

16.45 (0.222) 
15.95 (0.334) 

 

DISCUSSION 
 
Iodine Reaction 
The experimental results indicate that under the 
conditions of this study the Iodine Clock Reaction is 

not sensitive to audible sound. Throughout this 
experiment, multiple variations of data collection were 
devised to increase precision. The method of 
generating and splitting a single solution was adapted 
from the technique developed for the potato acid 
phosphatase reaction. The data indicates that at both 
lower and higher concentrations of iodate, there 
seems to be no effect of audible sound on the reaction. 
 Further research might be done on longer reactions 
of the Iodine Clock Reaction as previous studies 
required significantly longer reaction times before they 
showed any significant results.  
 
Enzyme Reaction  
The experimental results indicate that the Potato Acid 
Phosphatase reaction is not sensitive to audible 
sound. When the slopes (rates) and standard 
deviations of the runs produced by the LINEST 
functions were compared, one frequency level (6300 
Hz) appeared to show a potential statistical difference. 
A second run at this frequency was conducted and 
showed the reverse trend indicating the first deviation 
was probably due to random effects. The sound and 
low sound trials mostly seemed to be within a standard 
deviation of each other. 
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