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The Effects of Vitamin A on Gene Expression of BAX in MCF-7 Breast 
Cancer Cell Lines 
 

Taylor Bohannon 
 
ABSTRACT 
 
Breast cancer is one of the most diagnosed malignancies found among women. Current treatment options are 
invasive and come with extensive negative side effects. In addition, an increase in drug-resistant breast cancer 
cells is preventing a number of those treatment options from working. Recent scientific literature has begun the 
exploration of vitamins and vitamin derivatives as possible treatment or preventative options for breast cancer. 
Research on Vitamin A specifically, showed that Vitamin A has protective effects that prevent damage and 
disease to one’s body, and antioxidant properties that can aid in disease prevention. This research aimed to 
explore the effects of Vitamin A, specifically in its retinol or preformed form, on the gene expression of BAX, in 
the growth of MCF-7 breast cancer cell lines. BAX, an apoptotic gene was of interest because of its potential 
ability to target a breast cancer cell’s death pathway. To test this, cells were treated with 0.5, 2, and 3.5 μM of 
retinol for two different periods, 24 and 48 h. A cell viability count was done using the trypan blue stain test. An 
MTT reduction assay was then used to assess the number of living cells of the different treatment and control 
samples in comparison to one another. The results from the MTT suggest that there was a decrease in living 
cells as dosage and incubation went up, however, confirmation that this was because of an overexpression of 
the BAX gene specifically was inconclusive.   
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INTRODUCTION 
 
Breast cancer continues to be one of the most 
diagnosed malignancies found in women (“Breast 
Cancer”, 2024). The American Cancer Society 
estimates that there will be 310,720 new cases of 
breast cancer diagnosed and 42,250 total breast 
cancer-related deaths in 2024 alone (“Breast Cancer”, 
2024). There is a 1 in 8 chance that a woman in the 
United States will develop breast cancer at some point 
during her life (“Breast Cancer”, 2024). Incidence 
rates have continued to increase by 0.6% per year 
since the mid-2000s (“Breast Cancer”, 2024). Women 
younger than the age of 50 are also now being 
affected at higher rates than ever before (“Cancer 
Facts & Figures”, 2024). Health professionals attribute 
a portion of this increase to excessive body weight 
gained through dieting and lifestyle choices, 
consumption of alcohol, excessive smoking, and 
hormonal imbalances (“Cancer Facts & Figures”, 
2024). However, the exact cause of many breast 
cancer cases is unknown.  
 
Current treatment options for breast cancer include 
surgery, radiation, chemotherapy, and endocrine 
therapy, which adds, blocks, or removes hormones 
(Alamro, et al. 2021). The risks and side effects 
associated with these types of treatment options 
include increased risks of uterine cancer, 
osteoporosis, stroke, pulmonary embolism, and vision 
problems to name only a few (Alamro, et al. 2021). In 
addition to this, there has been an increase in drug-
resistant breast cancer cells which is preventing 
current available treatment options from working. 

Because of this and the extensive list of negative side 
effects associated with current treatment options, 
there has been a search for alternative options to 
prevent and treat breast cancer (Alamro, et al. 2021). 
 
Vitamin A is an essential micronutrient to human 
health (Gilbert, 2013). It is a fat-soluble vitamin that 
plays a significant role in a number of biological 
functions. Some of these functions include the growth 
and development of cells, immune function, cellular 
communication, and reproduction in both males and 
females (“Vitamin A and Carotenoids”, 2023). 
Research also indicates that Vitamin A influences cell 
proliferation, growth, and the differentiation of cancer 
cells (Marshall, 2000). Vitamin A comes from two 
major sources: preformed Vitamin A (retinoids) and 
provitamin A (carotenoids) (Kim, Ja-Hyun, Soo-Youn, 
2021). Retinoids come from animal sources such as 
meats, dairy products, and eggs, while carotenoids 
come from plant sources and are pigments, usually 
red, orange, and yellow, that can be converted to 
Vitamin A in the intestine of the human body (Kim, Ja-
Hyun, Soo-Youn, 2021).  
 
Recent literature on Vitamin A, retinoids, and 
carotenoids has explored their relation to various 
types of cancer because of the suggested role that 
Vitamin A plays in regulating cell growth and 
differentiation (“Vitamin A and Carotenoids”, 2023). 
Research shows that Vitamin A has protective effects 
and antioxidant properties. These characteristics are 
what aid in disease prevention, protect the body from 
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damage, and help get rid of free radicals (Kim, Ja-
Hyun, Soo-Youn, 2021). Retinoids specifically have 
been noted to reduce the growth of malignant cells 
through targeted apoptosis (Kim, Ja-Hyun, Soo-Youn, 
2021). Several epidemiological studies showed that 
higher concentration levels of carotenoids and 
retinoids in the body had an inverse relationship with 
the risk of acquiring invasive breast cancer in pre-and 
post-menopausal (Kim, Ja-Hyun, Soo-Youn, 2021). 
 
This research focused on the mechanism of 
apoptosis. Apoptosis is the programmed death of a 
cell and serves as an important biological process, 
that protects cells against tumor development (Ola, 
Nawaz, Haseeb, 2011). Apoptosis is an important 
mechanism that is critical to normal cell population 
maintenance. In many cancers, the ability of a cell to 
commit apoptosis can become blocked or inhibited 
which can lead to invasive and hard-to-treat cancers.  
 
This research looked specifically at the pro-apoptotic 
gene, BAX. BAX belongs to the B-cell lymphoma-2 
(BCL-2) family of proteins located in the outer 
mitochondrial membrane. BCL-2 family proteins are 
responsible for regulating the mechanism of apoptosis 
within a cell (Yip and Reed, 2008). BAX specifically 
promotes apoptosis within the apoptotic pathway (Yip 
and Reed, 2008). BAX has been identified as a target 
for therapeutics because of its role in triggering 
apoptosis (Edlich, 2018). Targeting and regulating 
BAX gene expression could help to enhance healthy 
cell survival and promote apoptosis in malignant cells.  
 
The MCF-7 breast cancer cell line was used as the 
cell line for experimentation. MCF-7 is the most 
commonly used cancer cell line when researching 
potential anticancer drugs and various treatment 
methods. There has been more research and data 
that has been produced by MCF-7 compared to any 
other breast cancer cell line that currently exists. 
(Comşa, Anca, Marius, 2015). MCF-7 is 
progesterone receptor-positive (PR+) and estrogen 
receptor-positive (ER+) which classifies it as a 
luminal subtype, meaning that the cancer starts at 
the inner lining of the mammary ducts (Comşa, Anca, 
Marius, 2015). It is also classified as a non-invasive 
line because the cells are localized to only the breast 
tissue (Comşa, Anca, Marius, 2015).  
 
The negative side effects associated with current 
breast cancer treatment options and the increase in 
drug-resistant cancer cells have propelled research 
for alternative and safer treatment options (Alamro, et 
al. 2021). Because of Vitamin A's biological benefits 
and antioxidant properties, this research explores how 
it affects the gene expression of BAX, a pro-apoptotic 
gene, in the growth of MCF-7 breast cancer cell lines.  
 

 
MATERIALS AND METHODS 
 
Cell Culturing 
The cells used for this experiment were donated by 
Athanasia Panopoulos’ lab at Cedars-Sinai. The cells 
were cultured on tissue culture plastic (TCP) because 
of their anchorage dependency. The cells were grown 
on 6-well plates at an environment of 37 °C with 5% 
CO2 levels. They were maintained in 2 mL of sterile 
media that consisted of Dulbecco’s Modified, Eagle 
Medium (DMEM) that was supplemented with 10% 
fetal bovine serum (FBS). Every third day the medium 
was changed.  
 
Once cells were at least 90% confluent across the 
plate, subculturing took place. For subculturing, the 
cells were washed with PBS to remove any traces of 
leftover serum. 1 mL of 0.5% trypsin-EDTA was then 
added to the wells to detach cells from the plate. The 
plate was incubated at 37 °C with 5% CO2 levels for 
10 minutes to further dislodge any attached cells. Cells 
were transferred to a sterile 15 mL conical and 
centrifuged at 1000 x g for 5 minutes to form a pellet. 
The supernatant was discarded, and fresh media (2 
mL per new well) was added to the conical to break 
apart the pellet. Cells and the fresh media from the 
conical were transferred over to a new sterile 6-well 
plate for further culturing.  
 
Vitamin A - Retinol Treatment  
Treated cells were exposed to concentrations of 0.5, 
2, and 3.5 μM retinol for two different incubation 
periods (24 or 48 h). 
 
Cell Counting - Trypan Blue Stain Test 
The Trypan Blue Stain Test is a dye exclusion test, 
that stains only dead cells whose cell membranes 
have been broken. Live cells, whose membranes are 
still intact, will remain unstained.  
 
The protocol for subculturing above was followed up 
until plating, and instead, the pellet of cells in the 15 
mL conical was resuspended in 1 mL PBS. A 10 μL 
sample of the cells and PBS mixture was taken and 
combined with 10 μL of sterile filtered 0.4% trypan 
blue in a new 1.5 mL microcentrifuge tube (“Trypan 
Blue Staining Assay”).  
 
A 10 μL drop of the 1:1 mixture of cells and trypan blue 
stain was added to a hemocytometer to manually 
count the number of living and dead cells. The 
percentage of viable cells was determined using the 
equation (number of viable cells / total number of cells) 
x 100. The average number of cells per square was 
calculated using the equation (viable cells) / (squares 
counted on hemocytometer). The dilution factor was 
calculated using the equation (final volume) / (volume 
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of cells). The number of cells present was calculated 
by taking the (average number of cells per square) 
(dilution factor) (104).  
 
MTT Reduction Assay 
The MTT Reduction Assay assessed cell viability of 
the 0.5 μM, 2 μM, and 3.5 μM retinol treatments at 24 
h and 48 h incubation periods in comparison to one 
another and their respective control groups.  
 
MCF-7 cells were plated on a 96-well plate so that 
there were approximately 20,000 cells per well. After 
three days from plating, the cells were 70% confluent 
and ready for treatment. The 48-hour treated cells 
were given their corresponding dosage of retinol (0.5 
μM, 2 μM, and 3.5 μM). The next day, the 24-hour 
treated cells were then given their corresponding 
dosage of retinol (0.5 μM, 2 μM, and 3.5 μM). 
 
After treatment, the cells were ready for analysis. All 
media was removed from the wells and the cells were 
washed with PBS. Then 50 μL of DMEM media 
containing 0.5 mg/mL of MTT reagent (Thiazolyl Blue 
Tetrazolium Bromide), a yellow color, was added to 
each well. The plate was incubated for 3 hours at 37 
°C. Following incubation, 150 μL of Dimethyl sulfoxide 
(DMSO) was added to each well and mixed gently 
avoiding any bubbles.  
 
The absorbance value was measured at 570 nm using 
a microplate reader. The cell viability percentage was 
calculated by taking (absorbance value of 
experimental sample / absorbance value of control 
sample) x 100. The cell toxicity percentage was 
calculated by taking ((absorbance value of control 
sample - absorbance value of experimental sample) / 
absorbance value of control sample) x 100.  
 
BCA Protein Assay 
A bicinchoninic acid (BCA) assay was used to 
measure the protein concentration of treated cells to 
ensure that all samples were the same concentration 
before performing the western blot. Knowing the 
protein concentrations allowed for accurate 
quantification of protein levels in the western blot. The 
kit used was the “Pierce BCA Protein Assay” by 
Thermo Fisher Scientific.  
 
Once the total volume had been established, 50 parts 
of BCA Reagent A were mixed with 1 part of BCA 
Reagent B. Then 25 μL of each standard and 
unknown sample replicate was added into the 
microplate wells. Each sample was run as a triplicate. 
Each well then received 200 μL of working reagent 
(WR). The plate was mixed lightly and incubated for 
30 minutes at 37 °C. The plate was measured at an 
absorbance value of 562 nm.  
 

Western Blot Analysis 
The western blot analysis was used to identify the 
presence of BAX in the treated cells.  The cells were 
first treated with a radioimmunoprecipitation (RIPA) 
lysis buffer to disturb and break apart the cell 
membrane to expose all of the proteins. The RIPA 
lysis buffer was specifically chosen because of its 
recommended use for the extraction of cytoplasmic 
and nuclear protein when working with mammalian 
cells or soft tissue. 
 
After lysis, for each treatment, 25 μg of protein, and 
equal parts of Laemmeli gel sample buffer, including 
2% beta-mercapto-ethanol, were combined, and 
heated for 5 minutes at 95°C in 1.5 mL screw cap 
microcentrifuge tubes. The western blot apparatus 
(The Mini-PROTEAN Tetra Cell) was assembled for 
running a gel and 1x running buffer was added.  
 
A 1.5 mm polyacrylamide gel was poured, and the 
wells were loaded in the following order: molecular 
weight ladder, 24 h control, 0.5 μM – 24 h, 2 μM – 24 
h, 3.5 μM – 24 h, 48 h control, 0.5 μM – 48 h, 2 μM – 
48 h, 3.5 μM – 48 h. 
 
The electrode apparatus lid was placed on and the box 
was connected to the power supply. The gel was run 
for 1 hour at 200 V and 42 mA so that the bands were 
just near the bottom of the gel.  
 
After the gel finished running, it was then ready for 
transfer. A “transfer sandwich” containing the gel, 
nitrocellulose membrane, blotting paper, and sponge 
was enclosed in a cassette and soaked in a transfer 
buffer.  
 
The “transfer sandwich” was then placed into the 
transfer apparatus chamber (Mini Trans-Blot 
Electrophoretic Transfer Cell) with an ice pack and stir 
bar. The transfer buffer was added to the apparatus 
before being connected to the power supply. The 
transfer ran overnight at 30 V 90 mA.  
 
Following the overnight transfer, the nitrocellulose 
membrane was removed and placed in a dish with a 
blocking buffer, containing 4% milk. This was 
incubated overnight at 4°C. 
 
A 1:20 dilution of primary antibody (BAX Monoclonal 
Antibody 6A7 from Thermo Fischer Scientific) in 
blocking buffer was then incubated with the 
membrane overnight at 4°C. 
 
The membrane was washed in washing buffer before 
incubating in a 1:10,000 dilution of the secondary 
antibody (Goat anti-Mouse IgG H+L Poly-HRP) and 
blocking buffer for 1 h at room temperature.  
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The membrane was washed in washing buffer and 
treated with Chloronaphthol, a chromogenic substrate 
that promotes band visibility in western blot analysis to 
allow for band detection. 
 
 
RESULTS 
 
Vitamin A - Retinol Treatment  
MCF-7 cells were imaged at 10x magnification using 
a Zeiss AX-10 inverted lens. In both the 24 h and 48 h 
wells, the cells were nearly confluent across the entire 
plate as shown in Figure 1. 
 

Figure 1. A) Control 24 h cells. B) 0.5 μM 24 h cells. 
C) 2 μM 24 h cells. D) 3.5 μM 24 h cells E) Control 48 
h. F) 0.5 μM 48 h cells. G) 2 μM 48 h cells. H) 3.5 μM 
48 h cells.  
 
In the treated 3.5 μM 24 h and 48 h wells (Images D 
and H of Figure 1), there were noticeable areas of 
diminished cell growth that formed toward the center 
of the plate. These cells were plated and cultured in 
the same conditions prior to treatment. This suggests 

that 3.5 μM in both 24 h and 48 h treatments caused 
some cells to die and become unattached to the 
plastic.  
 
Trypan Blue Stain Test 
The Trypan Blue Stain Test revealed the number of 
viable cells and the percentage viability provided in 
Table 1. Because this test does not ensure that the 
taken sample has equal cell counts before staining, an 
MTT reduction assay is needed to assess cell viability 
after treatment in wells with the same cell counts.    
 
Table 1. The eight conditions (six retinol treatments 
and two control groups) and the number of viable cells 
and their percentage viability.  

Trypan Blue Stain Test (24 h Samples) 

Conditions Number of 

Viable Cells 

% Viability  

Control 24 h 1,360,000 94% 

0.5 μM 24 h 1,210,000 92% 

2 μM 24 h 1,040,000 95% 

3.5 μM 24 h 1,280,000 93% 

 

Trypan Blue Stain Test (48 h Samples) 

Conditions Number of 

Viable Cells 

% Viability  

Control 48 h 1,000,020 95% 

0.5 μM 48 h 1,229,976 93% 

2 μM 48 h 1,653,300 92% 

3.5 μM 48 h 1,110,000 93% 

 
MTT Reduction Assay Dosage Comparison 
For the MTT Reduction Assay, triplicate samples were 
run for each condition on a 96-well plate. These cells 
were plated at about 20,000 per well as stated in the 
Methods section, which is what allowed their 
absorbance values to be comparable with one another 
as shown in Figure 2.  
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Figure 2. The two graphs display the absorption 
values that were calculated from the MTT Reduction 
Assay after dosages of 0.5, 2, and 3.5 μM 
concentrations of retinol for 24 h and 48 h incubation 
periods. The standard error is represented by the 
extending line from the bar.  
 
In the 24 h samples, all treatment groups had less 
metabolically active cells when compared to the 
control group’s average (1.707). The 3.5 μM treatment 
group under the 24 h conditions, was the only 
absorption value to not decrease less than the 
previous dosage of 2 μM. The triplicate of the 3.5 μM 
for 24 h, had values that were not closely related which 
did affect the overall average used.  
 
In the 48 h samples, as the dosage of retinol 
increased, the number of living cells also decreased. 
Notably, the 3.5 μM of retinol dosage for the 48 h 
incubation condition group has the lowest average 
absorption value (1.002), when compared to the 
control 48 h average (1.468). This suggests that out of 
all the treatment groups, a dosage of 3.5 μM of retinol 
for an incubation period of 48 h is the most effective at 
decreasing the number of metabolically active cells in 
a sample.   
 
Furthermore, Table 2 shows the toxicity and cell 
viability percentages calculated for each of the 
treatment samples based on the respective control.  
 
Table 2. MTT Reduction Assay cell toxicity and 
viability percentages in comparison to the control 
groups.  

Treatment Toxicity Viability 
   

0.5 μM 24 h 22.37% 77.63% 

2 μM 24 h 24.14% 75.86% 

3.5 μM 24 h 16.70% 83.30% 
   

0.5 μM 48 h 8.86% 91.14% 

2 μM 48 h 13.76% 86.24% 

3.5 μM 48 h 31.74% 68.26% 

 
The data from the MTT assay suggests that as the 
dosage of retinol and incubation time increases, the 
number of cells growing decreases. Since the cells 

were plated at the same density and grown under the 
same conditions, more cells underwent apoptosis and 
faced higher cell toxicity, as the treatment of retinol 
and incubation period increased. A western blot was 
needed to confirm that this decrease was because of 
an increase or overexpression of the BAX gene.  
 
BCA Protein Assay 
A BCA protein assay was run before the western blot 
to ensure that equal amounts of protein were added to 
the gel wells.  
 
A standard curve was generated based on a set of 
standards, and protein concentrations were calculated  
for each group.  
 
Table 3. Column 1 lists the respective condition of the 
sample. Column 2 displays the absorption value that 
is calculated from the microplate reader. Column 3 
calculates the corresponding protein concentrations 
calculated from the line equation produced from the 
standard curve (24 h, x=(y-0.0502)/0.0009) (48 h, 
x=(y-0.1282)/0.0009). 

Condition 

Absorption 

Value Based on 

Standard Curve 

Protein 

Concentration 

Control 24 h 0.362 346 μg 

0.5μM – 24 h 0.330 311 μg 

2 μM – 24 h 0.289 265 μg 

3.5μM – 24 h 0.410 400 μg 

 

Condition 

Absorption 

Value Based on 

Standard Curve 

Protein 

Concentration 

Control 48 h 0.843 794 μg 

0.5μM – 48 h 1.266 1264 μg 

2 μM – 48 h 1.471 1492 μg 

3.5μM – 48 h 1.45 1469 μg 

 
Western Blot Results  
After multiple attempts to get band imaging, the 
membrane was not able to provide bands that confirm, 
nor deny, an overexpression of BAX in the higher 
dosage and incubated samples when compared to the 
control groups.    
 
 
DISCUSSION 
 
Other scientific literature and research projects on 
vitamin and vitamin derivatives show a similar trend, 
as shown in the MTT results from this experiment.  
One study looked at the effects of vitamin E 
compounds on breast cancer (Kline, Weipingm, 
Sanders, 2004). There were five of the vitamin E 
compounds that were shown to have selectively 
induced apoptosis in cancer cells (Kline, Weipingm, 
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Sanders, 2004). Another study looked at the effects of 
vitamin C in high dosages in combination with other 
current treatment options like tamoxifen and 
trastuzumab (Lee, et al. 2019). Through MTT and 
other cell viability assays, this research also 
determined that there was a decrease in cancer cell 
proliferation using high dosages of vitamin C even in 
combination with other standard treatment options 
(Lee, et al. 2019). Additionally, several studies have 
explored the effects of vitamin D on different breast 
cancer cell lines. In a study done on mice, certain 
biological properties of vitamin D slowed the cancer 
cell growth, decreased further blood vessel formation 
at the cancer sites, and eventually were able to induce 
apoptosis in response to vitamin D dosage levels 
(Williams, et al. 2016). 
 
Regarding vitamin A specifically, there is research and 
data that supports how vitamin A deficiencies can lead 
to an increased risk of developing breast cancer, but 
there is no other data on the actual effects on cancer 
cell growth when used as a treatment option (“Vitamin 
A and Carotenoids”, 2023).  
 
The recommended dietary allowance for Vitamin A in 
women 50 years and older is 700 mcg of retinol activity 
equivalents (RAE) (“Vitamin A and Carotenoids”, 
2023). A normal plasma concentration of retinol has a 
range from about 0.5-3 μM / L. The 3.5 μM is right 
outside of the normal plasma concentrations (“Vitamin 
A and Carotenoids”, 2023). The upper limit of retinol, 
however, is near 10 μM concentration (“Vitamin A and 
Carotenoids”, 2023). This leaves a large area outside 
of normal and before the upper limit that is gray in 
terms of the effects of a 3.5 μM retinol concentration. 
The concentrations used in this research were 
selected based on the above information as well as 
other similar vitamin studies ranges.  
 
Because the western blot was not successful in 
detecting bands, it is unknown whether the decrease 
in metabolically active cells observed in this research 
was because of overexpression of BAX specifically. 
Regardless, the ability to regulate the BAX complex in 
cancer-specific cells is a focus area of many targeted 
therapy research projects.  
 
In this research, one possible reason for the lack of 
bands on the membrane for the western blot could be 
related to the amount of protein being added to the 
wells of the gel. In the first western blot, only 5 μg of 
each sample was added to the wells. The second time 
running the analysis there were 25 μg of each sample 
added, yet still no bands were observed.  
 
A more likely issue could be in the steps during 
transfer. One recommended solution to ensure that 
proteins have successfully transferred over to the 

membrane from the gel is to run a Ponceau staining. 
Ponceau staining is an extremely sensitive stain that 
has the ability to detect low amounts of proteins 
present on the membrane and in the gel. This stain 
also does not alter the integrity of the proteins 
themselves, and the membrane can be fully de-
stained. 
 
One other possible error that prevented band imaging 
could be over-washing or over-blocking the 
membrane. The overnight protocol was followed for 
each of the probing steps (excluding the secondary 
antibody), however since a smaller membrane was 
used in order to be compatible with the Mini-
PROTEAN Tetra Cell apparatus, potentially the hour 
protocol could have been the better choice to prevent 
over-washing or over-blocking. 
 
The final area of potential error could have been in the 
age of reagents used. For example, chemicals like 
Tween-20 (used in the wash buffer), Triton-X (used in 
the RIPA buffer), and Beta-Mercapto-Ethanol (used in 
the sample buffer), all have a recommended shelf life 
of under four years if stored properly. These chemicals 
were significantly older than four years and were 
potentially not as effective in their respective buffers.  
 
It is unlikely that this issue has anything to do with my 
primary or secondary antibody. The recommended 
amounts were followed for both antibody 
concentrations. Additionally, both are compatible with 
the cell line being used.   
 
Although the overexpression of the BAX complex was 
not able to be identified through a Western Blot 
analysis, nonetheless, the MTT provided data that 
suggested that there were fewer living cells in the 
samples treated with higher concentrations of retinol 
for longer incubation periods. This suggests future 
areas of research in determining what the specific 
cause is for the decrease, as well as expanding the 
range of dosage and exposure periods to find the most 
optimal level of cancer cell death. Furthermore, it is 
important to consider and look at what effects these 
concentrations and exposure to retinol have on normal 
luminal breast tissue since, in most treatment options, 
the surrounding healthy tissue can still be affected.  
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Observing and Comparing the Cortisol Concentrations in Weaning 
Calves Before and After the Weaning Process 
 

By Maggie Brown 
 
ABSTRACT 
Many things can be the cause of stress in calves near the weaning age, but the process of weaning itself may 
be the most stressful. The goal of this study was to observe the concentrations of cortisol in the saliva of weaning 
calves during different stages of the process. It was carried out over a seven-week period through August and 
September of 2024. The study was carried out on 10 Black Angus calves on Aero B Ranch in northwestern 
Kansas. A total of 8 samples from each of the calves was collected. After all collections were complete, the 
samples were analyzed using an ELISA Kit to find the optical densities of each sample compared to standards 
sent with the kit. The optical densities were converted to cortisol concentrations and those concentrations were 
compared using a repeated measures ANOVA test. It was revealed that there is a significant difference in cortisol 
concentrations at different points, specifically two days post weaning, during the weaning process. 
 
Keywords: weaning, calves, salivary cortisol, ELISA, ANOVA. 
 
INTRODUCTION 
Every year the time comes for ranchers to separate 
the cow-calf pairs in the herd. This process is referred 
to as weaning. Weaning is unavoidable and is typically 
very stressful, for the cow and the calf (Kohari et.al., 
2014). For the calf, the process of weaning can be the 
beginning of a long chain of difficult, potentially lethal, 
events. During the course of this process, calves are 
losing their mothers, getting vaccinations, receiving a 
new feed source, and most likely being moved to a 
new location (Comerford, 2022).  
Calves can be weaned at varying ages, depending on 
many factors including the cow’s body condition, sale 
times, and other normal ranch activities. As long as 
the calf’s rumen has become functional – meaning that 
its digestive system can process whole feeds – it can 
be weaned. Generally, calves are separated from their 
mothers anywhere between three and eight months 
old, however, bottle-fed calves can be weaned at as 
little as one month old. Weaning during this time 
allows the mother a small downtime to preserve 
energy before her re-breeding (Cothren, 2021).  
 Stress is typically known as the “fight or flight 
response.” More specifically, stress is a feeling or 
symptom that is caused by a non-normal environment 
or situation. Like humans, cattle undergo varying 
amounts of stress, and depending on the degree, it 
can negatively affect them for significant periods of 
time. Some of these negative effects include a 
weakened immune system, weight loss, digestion 
issues, lack of appetite, and inflammatory reactions. 
The main indications of stress are respiratory issues, 
abnormal behavior, trembling, and lack of 
coordination. The level of stress can be measured by 
observing the amount of the stress hormone cortisol in 
a calf’s saliva or blood (Hernandez et.al., 2014). The 
stress response is initiated in the brain, at the 
amygdala. A signal is sent from the amygdala to the 
hypothalamus, the command center of the brain.  

 
When the amygdala continues to sense a stressor, the 
hypothalamus releases corticotropin-releasing 
hormone (CRH), which triggers the release of 
adrenocorticotropic hormone (ACTH) from the 
pituitary gland. When ACTH reaches the adrenal 
glands, they are prompted to release cortisol, and the 
body stays in the “fight or flight” response until the 
threat passes (Harvard Medical School, 2020). 
Measuring the cortisol levels in saliva has been used 
as a less invasive alternative to sampling blood.  
 It is important to measure the stress in calves for a 
couple of reasons; one reason being that ranchers 
always hope to have healthy and thriving herds, and it 
is impossible to have that without a little background 
knowledge of what your calves face during the 
weaning season. The second reason is that the effects 
of stress can lead to death, in some cases, leaving a 
wake of disruption behind it. The rancher loses 
livestock, which starts a chain of loss: the loss of a 
sale, the loss of money from that sale, and the 
potential to lose so much more. This research can help 
ranchers determine how long they will need to keep a 
closer eye on their weaned calves and be more aware 
of the signs of stress (Eilerts, 2020). 
 As a rancher myself, my curiosity about the stress 
on the calves during and after the weaning process 
brought me to this question: How long do stress levels 
in calves stay elevated after weaning? Throughout the 
duration of this project, I intend to collect saliva 
samples from multiple calves before the weaning 
process, during the weaning process, and every week 
after the weaning process until the cortisol levels 
return to or get close to the pre-weaning level. It is 
anticipated that the cortisol levels will return to the pre-
weaning level in less than one month, specifically, 
three weeks. 
 
MATERIALS AND METHODS 
During the course of the research, salivary cortisol 



10 Cantaurus 
 

from ten Black Angus calves living at Aero B Ranch in 
Wallace, Kansas will be sampled, a total of eight 
times, and examined. The calves are all between five 
and six months old. There are two heifers and eight 
steers within the group of calves, two of the calves are 
from different sets of twins. 
 
Animal Housing and Management 
The sampling was completed on Aero B Ranch in 
Wallace, Kansas. The ranch has roughly 70 Black 
Angus cows that have been bred by Black Angus 
bulls. The untested cow-calf pairs are currently kept in 
a large pasture just south of the ranch house, this is 
where all of the cattle were kept until shortly before the 
weaning procedure. After weaning, the cows were 
moved to a pasture north of the house that is adjacent 
to the corral where the calves were residing. The 
calves were still able to see and hear their mothers, 
but they were not able to physically reach them. The 
cows have been eating mostly pasture grass, but they 
have always had access to a hay bale as well. The 
calves have been fed corn silage once a day in the 
concrete bunks that are next to their corral, they also 
always have access to a hay bale. Both the cows and 
calves have always had access to the water tank. 
 
Sampling Procedures 
 The sampling was conducted on 10 calves over 
seven weeks during August and September 2023. 
Starting on 8/17/23 and ending 9/27/23. The saliva 
samples were collected two weeks before weaning, 
one week before weaning, on the day of weaning, two 
days post-weaning, and every weekend after that for 
the next three weeks. All weaning was completed on 
the same day, so the calves were of various ages. On 
the day of the weaning, the calves were run through 
the chute with their mothers leading them and they 
were sampled to receive the last of the baseline 
samples. A study performed on dairy cattle in Sweden 
in 2014 has shown that the peak of cortisol levels in 
saliva has a roughly ten-minute time lag from the peak 
cortisol levels in the blood, so that is important to take 
into consideration during future experimentation. Their 
experiment involved the simultaneous collection of 
blood and saliva so that the samples could be directly 
compared to one another (Hernandez, et.al., 2014). 
 That same day as the last baseline, the calves were 
run back through the chute after they had been 
separated from their mothers, and they were 
resampled to collect the initial spike in stress. The next 
sample was collected two days after weaning by family 
members and was kept in the freezer until the next 
weekend. Every weekend, for the next three 
weekends, samples were collected. All sampling was 
completed by Maggie Brown and Brad Brown, with the 
help of Cordell Brown, Jacob Banman, Xavier 
Hernandez, and Nate Brown moving all of the cattle at 
the appropriate times. 

 All sampling was completed in the mornings when 
the afternoon temperature had not yet arrived. This 
was to avoid heat stress on the calves, which could 
sway the results of the testing. Each sample was taken 
using a 15mL plastic test tube and the catch method. 
Water was pushed into each calf’s mouth using a 
12mL syringe so that the saliva could gently fall out of 
their mouths. Immediately after collection, the tubes 
were stored on ice until all collections were complete. 
Then the collection tubes were centrifuged, and the 
supernatant was decanted into other tubes that were 
frozen until the cortisol analysis.  
 
Analysis Procedures 
The cortisol from the saliva was analyzed using a 
Cortisol Saliva ELISA Assay Kit from Eagle 
Biosciences (Eagle Biosciences, n.d.). ELISA Assay 
Kit and all instructions of the kit will be followed. The 
optical densities of each sample were measured 
during the ELISA analysis using a microplate reader. 
The optical densities were then converted to cortisol 
concentrations in ng/mL using the given 
concentrations of the standards provided in the kit. 
The calculated concentrations were then analyzed 
using a repeated measures ANOVA in the Jamovi 
Statistical Analysis Package (Jamovi Version 2.4.6., 
n.d.) 
 
RESULTS 
 
After the completion of the Cortisol Saliva ELISA 
Assay Kit, the standard curve of the optical densities 
was constructed. (Table 1) The line’s equation was 
used to convert the measured optical densities to 
cortisol concentrations in ng/mL. 

Figure 1: The Standard Curve Calculated from the 
Standards provided in the ELISA Kit. (A Polynomial to 
the 5th order) Equation: y = -744.87x^5 + 2522.7x^4 - 
3335.2x^3 + 2163.3x^2 - 699.35x + 93.297 
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 Figure 2: Cortisol Concentrations from Each Sample 
at Each Collection Date (The pre-weaning collections 
have been averaged) – This data also excludes some 
data points from the Day of Weaning so that a better 
look at the graph can be observed. 
  
  There was a significant difference in the cortisol 
concentrations of the calves across the testing periods 
(F5,45 = 2.49, P = 0.045). A post-hoc analysis of the 
testing periods shows that the significant difference in 
the cortisol concentrations was specifically at 2 Days 
Post-Weaning. Tukey’s Honestly Significant 
Difference (HSD) Test (Table 1) indicates that the only 
differences across the sampling period were between 
Level 1 and Level 3 and then Level 5 and Level 6.  This 
shows that there was a significant spike in the cortisol 
concentration of all the calves on the two days post-
weaning collection, but cortisol levels declined back to 
pre-weaning levels by Level 4 (Figure 2). 

Table 1: Tukey’s Honestly Significant Difference Test 
displays that the largest significant difference is within 
Level 3. (Level 1: Pre-Weaning Averaged 
Concentrations, Level 2: Day of Weaning 
Concentrations, Level 3: Two Days Post-Weaning 

Concentrations, Level 4: One Week Post-Weaning 
Concentrations, Level 5: Two Weeks Post-Weaning 
Concentrations, Level 6: Three Weeks Post-Weaning 
Concentrations.) 
 
DISCUSSION 
 
The goal of this study was to observe the 
concentration of cortisol in the saliva of calves during 
different stages of the weaning process and test the 
hypothesis that weaning does increase the stress 
level of the calves and it remains elevated for a couple 
of weeks. On Aero B Ranch, in Wallace, Kansas, ten 
calves were selected and had saliva collected on eight 
occasions. In response to the stress of being 
separated from their mothers, I expect that each calf 
will show an initial increase in its salivary cortisol 
concentration, and then with time, its concentration 
level will decrease. After completing the Salivary 
Cortisol ELISA Kit instructions and reading the 
samples on a microplate, I found that there was a 
spike in the cortisol concentration following the 
weaning itself. However, the concentration did not 
remain elevated as long as initially estimated. 
 Cortisol is commonly known as the “stress 
hormone.” However, it has many effects and functions 
throughout the body that are more than just regulating 
the body’s stress response. Almost all of the tissues in 
the body have glucocorticoid receptors, so cortisol can 
affect almost every organ system in the body; this 
includes: the nervous system, the immune system, the 
cardiovascular system, the respiratory system, the 
reproductive system, the musculoskeletal system, and 
the integumentary system. The effects of cortisol are 
also very broad; it can regulate the stress response, it 
can regulate metabolism, it can suppress 
inflammation, it can regulate blood pressure, and it 
can help control the sleep-wake cycle (Cleaveland 
Clinic, 2021). In cattle specifically, cortisol has been 
affiliated with lower reproduction rates, suppressed 
milk production, and suppression of the immune 
system that can cause greater susceptibility to 
diseases. Exposure to stressors in the short-term can 
lead to a sharp increase in the secretion of cortisol. 
Chronic stress is caused by the long-term presence of 
stressors, and this can lead to cells having a reduced 
sensitivity and response to cortisol (Villamediana, 
2022). 
 As expected, no two calves displayed the same 
concentrations at each collection interval. The optical 
density readings show that the calves had not had an 
increase in cortisol concentration on the day of the 
separation. However, there was a significant spike in 
the cortisol concentration of all the calves on the two 
days post-weaning collection. The results from the 
one-week post-weaning collection displayed that the 
calves were recovering from their stress.There was a 
second, smaller, spike in almost all of the calves on 
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the collection that was taken two weeks post-weaning. 
This could have been caused by the weather 
conditions on the day of the sampling. On the final 
collection, roughly three weeks after the separation, 
the cortisol concentrations have reapproached the 
average of the pre-weaning baseline samples. This 
follows the initial hypothesis that the concentrations 
would return to baseline by the third week. (Figure 2) 
A strange phenomenon of some very negative cortisol 
concentrations was observed on the Day of Weaning 
(Figure 2). This could be due to a procedural incident 
while working with the ELISA Assay Kit or a 
malfunction with the microplate reader.  
 Through this research, it was found that the stress 
of the weaning process does in fact cause a spike in 
the salivary cortisol concentrations of the calves being 
weaned. It was also found that the length of time that 
the cortisol concentrations remain elevated was much 
shorter than expected to be, showing that cattle 
recover from this type of stressor very effectively or 
that the process of weaning is not as stressful as 
initially hypothesized.  
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The Comparison of Vitamin C Content in Orange Juices Made by Various 
Methods 
 

Shekinah Ilunga Manyonga 
 
ABSTRACT 
The goal of this research was to compare the Vitamin C concentration in 100% orange juice from various brands 
in comparison to fresh oranges. Vitamin C is a nutrient that the body needs to form blood vessels, cartilage, 
muscle, and collagen in bones. A redox titration was performed to accurately measure the vitamin C  
concentration. In our comparative analysis of vitamin C concentrations in orange juice, Minute Maid exhibited a 
remarkable alignment with both expected values and the vitamin C content found in whole oranges, indicating a 
potential fortification strategy to maintain consistency. We concluded that during juice extraction many important 
nutrients are left behind, opting for whole oranges instead of consuming 100% fruit juice is preferable because 
the pulp and skin of many fruits are rich in essential vitamins and nutrient. 
 
Keywords: vitamin c, orange juice, ascorbic acid, titration, iodine 
 
INTRODUCTION 
 
Vitamin C, scientifically known as ascorbic acid, is a 
water-soluble vitamin. It is not stored in the body 
therefore it must be taken through food or 
supplements. 
 

 
 The chemical structure of ascorbic acid determines 
its physical and chemical properties. It is a weak, 
unstable organic acid, which can be easily oxidized or 
destroyed, in light, aerobic condition (oxygen), high 
temperature, alkali, humidity, copper and heavy 
metals (Yussif 2018).  
 Vitamin C is an antioxidant with hydroxyl groups 
that donate electrons, effectively neutralizing harmful 
free radicals in the body. By preventing oxidative 
damage to cells, DNA, proteins, and lipids, this robust 
antioxidant action supports overall cellular health and 
may confer protective effects against chronic diseases 
(Nordqvist 2021).  
 Vitamin C helps make several hormones and 
chemical messenger used in the brain and nerves 
(T.H Chan 2020). However, too much of vitamin C in 
the body may lead to the person excreting the 
compounds oxalate and uric acid in their urine 
(Cupsis, Adamsco et al 2023) and too little vitamin C 
may lead to vitamin deficiency known as scurvy 
(Johnson 2023). 
 Vitamin C is widely distributed in fresh fruits and 
vegetables. Fruit juices come from the flesh of the 
fruits or from the whole fruit itself. The method of  

 
making fruit juice varies depending on the fruit, but  
many manufacturers make juices by crushing or 
pressing the fruit to squeeze out the juice inside, then 
pasteurizing or adding preservatives before packaging 
the final product (Rowden 2021). Heat treatment 
remains the most widely used method used to extend 
the shelf life of different juices; this can cause a 
decrease in the nutritional components such as 
vitamins, carotenoids, and bioactive compounds 
(Soural, Ivo et al 2022). However, during the process 
of manufacturing, manufactures can add ingredients 
like sugar, ascorbic acid, colorings etc., so when 
purchasing 100% fruit juice it is important that you 
educate yourself with facts to aid in selecting a healthy 
product made from 100% fruit juices (Rellinger 2013).  
 The best way to enjoy the amazing taste and health 
benefits of 100% juice is by taking the recommended 
daily amounts. According to Harvard school of public 
health, the Recommended Dietary Allowance for 
adults 19 years and older is 90 mg daily for men and 
75 mg for women. For pregnancy and lactation, the 
amount increases to 85 mg and 120 mg daily. 
However, the number of fruits to take per day depends 
on the age, sex, height, weight, and level of physical 
activity. For women, the amount can also depend on 
whether you are pregnant or breastfeeding (My 
plate.gov). Many Americans do not meet the daily 
recommendations for fruit consumptions (2015 dietary 
guidelines committee 2015), but those children and 
adults who consume the recommended amount of 
100% fruit juices are more likely to meet daily fruit 
goals (institutes of food technologist 2017). 
Among essential nutrients, vitamin C stands out as a 
vital component known for its numerous health 
benefits. One common source of this vitamin is 
oranges, which can be consumed in various forms; 
this includes 100% orange juice and whole oranges. 
Both forms of consumption are rich in vitamin C. 
 People wonder if there is a real difference in how 
much vitamin C; we get from these two options. This 
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research project will be investigating if 100% orange 
juice and oranges have the same amount of vitamin C 
or if one is better than the other is. This knowledge is 
important because knowing which product gives more 
vitamin C can help us make healthier choices in our 
diets. 
  
MATERIALS AND METHODS 
 
For this experiment, we used 100% orange juices from 
four different brands and oranges obtained from 
Walmart, McPherson KS. Every week for one month, 
we bought one bottle from each brand. The brands 
were Minute Maid, Simply Orange, Florida’s natural no 
pulp and Florida’s natural with pulp. 
 
Sample preparation 
Oranges were peeled and 100g of the oranges were 
blended with 50ml distilled water and the juice was 
strained using  cheesecloth. Afterwards distilled water 
was added to make a final solution of 100ml in a 
volumetric flask. The standard solution was prepared 
by crushing a 500mg of vitamin C from the brand 
spring valley and adding 10ml of 1M sulfuric acid and 
diluted it to 500ml using deionized water. 
 
Starch and iodine solution preparation 
Starch solution was prepared using 0.50g soluble 
starch and 50ml boiling water. We mixed it well, 
dissolved the starch, and allowed it to cool before 
using it for the titration. The iodine solution was 
prepared by dissolving 5g of potassium iodide and 
0.268g of potassium iodate with 200ml of distilled 
water and  30ml of 3M sulfuric acid was added to it. 
We diluted it to 500ml. We mixed the solution and 
transferred it into a plastic bottle. 
 
Titrations 
A redox titration was conducted using iodine solution 
as the titrant. For the standard solution, we used a 
25ml sample and added ten drops of the starch 
solution. The endpoint of the titration was determined 
by the first constant blue-black color. For the oranges 
and the orange juice, for each titration, we pipetted 
25ml of sample in an Erlenmeyer flask and added ten 
drops of starch solution. The sample was titrated with 
the iodine solution and the end point was determined 
by the first constant brownish color. Using the average 
volume of the iodine solution, we calculated the 
number of moles of ascorbic acid in the reaction and 
derived its concentration. 
 
Calculation method 
 The concentration of vitamin C was determined 
through the iodine redox titration. By using the 
chemical equation I2 + I- ↔ I3-   in this titration 
vitamin C reacts with I3- in the presence of water to 
yield to C6H6O6 + 3I- + 2H+ The iodine redox titration 

method relies on the reaction between iodine and 
iodide, with vitamin C as the reducing agent. As 
vitamin C is oxidized during the titration, iodine is 
reduced, leading to the formation of triiodide. We 
monitored the amount of iodine consumed to calculate 
the vitamin C concentration. 
 
 
 
RESULTS 
The comprehensive analysis of vitamin C 
concentrations in 100% orange juice is explained 
through the visual representation in Figure 1 and the 
statistical insights provided in Table 1. Figure 1 
displays the average vitamin C concentration in 
mg/100ml alongside the concentrations indicated on 
the labels of each brand, facilitating a direct 
comparison between measured and labeled values. 
Table 1 presents the results of one-way ANOVAs 
conducted on multiple aliquots per bottle and multiple 
bottles per brand. The statistical analyses in Table 1 
explain the variability in vitamin C measurements 
within each brand, providing valuable insights into the 
consistency of concentrations across different 
samples. 

Figure 1: average vitamin C concentration in mg per 
100ml of juice and the concentrations indicated on the 
label of each brand. 
 
 
Table 1: Results of  one-way ANOVAs of vitamin C 
measured in multiple aliquots per bottle and multiple 
bottles per brand of 100% orange juice. 

The 
orange 
juice 
brand 

df SS MS F p-value 

Simply 
orange 

2 131.43 65.72 168.44 0.0114 
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Minute 
maid 

2 122.08 61.04 170.55 0.675 

Florida’
s 
natural 
with 
pulp 

3 416.07 138.69 209.78 0.0132 

Florida’
s 
natural 
no pulp 

3 211.77 70.59 95.76 0.00470 
               

 
Considering the obtained results and the associated 
p-values, it's evident that the mean values for the 
brands Simply Orange, Florida’s Natural with Pulp, 
and Florida’s Natural with No Pulp were higher than 
the expected values. Notably, statistical analysis 
revealed a significant difference for all three brands: 
Simply Orange (p=0.011), Florida’s Natural with Pulp 
(p=0.013), and Florida’s Natural with No Pulp 
(p=0.005). However, when examining Minute Maid, 
the observed value aligns closely with the expected 
value, and no statistically significant difference was 
found between the means (p=0.675). 
 
DISCUSSION 
 
For this experiment we compared the vitamin C 
concentration of orange juice made by various 
methods. We were able to calculate the vitamin C 
concentration by performing a redox titration using 
iodine and starch solution. Iodine is insoluble, but was 
improved by complexing the iodine with iodide to form 
triiodide:  
 I2 + I- ↔ I3-  
 Triiodide oxidizes vitamin C to dehydroascorbic.  
C6H8O6 + I3- + H2O → C6H6O6 + 3I- + 2H+ 

 As long as the solution contains vitamin C, triiodide 
continues to be converted into iodide ion. Once all the 
vitamin C is oxidized, the iodine starts reacting with 
the starch present in solution forming a blue-black 
starch-iodine complex. The color changes indicate the 
endpoint of the titration. For this experiment the 
endpoint was a brownish color. 
 According to the results obtained, the vitamin C 
concentration for the brands simply orange, Florida’s 
natural with pulp and Florida’s natural with no pulp had 
a higher vitamin C concentration than the expected 
vitamin C concentration. However, we obtained the 
same amount of vitamin C concentration as the 
expected value for the brand Minute Maid. The same 
amount of vitamin C was obtained for oranges too. 
 The observed higher vitamin C concentrations 
obtained through the redox iodine titration in juices 
compared to the nutritional labels could be attributed 
to the oxidation of ascorbic acid during the titration 
process. The redox reaction involves the conversion 
of ascorbic acid to dehydroascorbic acid in the 

presence of iodine generating iodide ions. This 
oxidation of ascorbic acid results in an increase in the 
measured vitamin C concentration.  
 Furthermore, the sensitivity of the redox iodine 
titration method to ascorbic acid oxidation 
underscores the importance of considering the 
analytical approach in interpreting results. Other 
titrimetric methods or analytical techniques may offer 
different outcomes, depending on their selectivity and 
reaction conditions. The potential influence of 
oxidation on the measured vitamin C content should 
be acknowledged when comparing experimental 
results to nutritional labels. Additionally, variations in 
sample preparation, storage conditions, and the 
presence of interfering substances could contribute to 
disparities between measured and labeled vitamin C 
concentrations. 
  During manufacturing, some ingredients are added 
in amounts exceeding the label claims to compensate 
for expected losses during shelf life (Andrews et al 
2016). This is done to account for potential losses that 
may occur over time due to factors such as air, 
temperature changes during storage and 
transportation. The measured concentrations in the 
experiment may reflect the initial excess quantities 
added during production, surpassing the labeled 
values. 
 In cases of minute maid, where the observed 
vitamin C concentration aligns with the nutritional 
label, it is possible that this brand employs a 
production process that maintains the natural balance 
of nutrients found in oranges. Some juice products are 
fortified with vitamins (Turner 2020). Minute Maid 
might use vitamin C fortification to achieve a 
consistent concentration, resembling that of fresh 
oranges. 
 In conclusion, opting for whole oranges instead of 
consuming 100% fruit juice is preferable because the 
pulp and skin of many fruits are rich in essential 
vitamins and nutrients. When only the juice is 
extracted, a massive portion of these valuable 
nutrients are left behind (Baird, 2013). It is worth 
noting that manufacturers often add a considerably 
higher amount of vitamin C than the labeled value 
suggests, aiming to compensate for the nutrient 
losses resulting from degradation (Methrom, 2004). 
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Efficacy of Ampicillin and Kanamycin against Coliforms and Escherichia 
coli in Local Wastewater 
 

Madison Turley 
 
ABSTRACT 
 
The development of bacterial resistance to antibiotics remains one of the greatest threats to public health, and 
communities are seeking to find ways to combat resistance. Unfortunately, antibiotic disposal from 
pharmaceutical settings, agricultural waste, or ineffective wastewater treatment drives gene development in 
bacteria to resist antibiotics. Escherichia coli, or E. coli, naturally occur in these environments and may confer 
resistance to or inactivate antibiotics by producing extended-spectrum beta-lactamases (ESBLs). To study 
resistance in locally treated wastewater in McPherson, Kansas, samples were collected before, during, and 
after the treatment process. Their physical properties and resistance to ampicillin and kanamycin were 
recorded, including total coliforms and E. coli, respectively. The samples revealed moderate resistance to 
ampicillin, characterized by little to no reduction of colony abundance, and a slight resistance to kanamycin, 
with abundance nearly eradicated. Results also indicated a significant reduction in colony count due to the 
ultraviolet disinfection of wastewater during the treatment process. Ampicillin resistance can be attributed to the 
natural accumulation of the antibiotic in wastewater through agricultural and industrial factors. The minuscule 
resistance to kanamycin, however, demonstrates the elimination of even ampicillin-resistant coliforms and E. 
coli. 
 
Keywords: Escherichia coli, coliforms, ultraviolet disinfection, wastewater treatment, ampicillin, kanamycin, 
antibiotic resistance 
 
INTRODUCTION 
 
The pharmaceutical industry has long pioneered 
antibiotic usage to improve the well-being and quality 
of life of humans worldwide. Unfortunately, the 
disposal of leftover or unused antibiotics into 
municipal wastewater, combined with the runoff from 
agricultural waste, has driven the current antibiotic 
resistance crisis which continues to be one of the 
biggest issues in public health (Yu 2022). Yu noted 
that antibiotic resistance can be caused by a 
combination of both intrinsic factors, i.e., the 
development of resistance without gene mutation, 
and extrinsic factors, which are developed with 
genetic determinants. These factors create a 
nutrient-rich environment for antibiotic-resistant 
bacteria growth and the potential for resistance 
development through biofilm formation in sewage 
networks (Tiwari et al., 2022). Municipal wastewater 
treatment facilities (WWTFs) combat potentially 
pathogenic microorganisms with disinfection 
technology, ultraviolet disinfection being a commonly 
preferred method. 

Ultraviolet (UV) disinfection applies 
electromagnetic energy, typically 250 to 270 
nanometers, to the organism through a mercury arc 
lamp, in which the radiation will denature the 
organism’s genetic material and prevent DNA 
replication (EPA, 1999). The EPA (U.S. 
Environmental Protection Agency) notes that the 
effectiveness of ultraviolet disinfection varies 
depending on the wastewater contents, the intensity 
and time of light exposure, and the configuration of  

 
the reactor. UV disinfection has shown promise as a 
treatment of pathogens, due to the ability to set 
reactor configuration, non-toxicity, and overall 
disinfection effectiveness. UV technology does face 
certain obstacles, like economic cost and finding the 
precise wavelength that most efficiently destroys the 
microorganisms of interest (Heliyon 2022). Earlier 
studies have shown that UV disinfection with a 
selected wavelength destroys or inactivates the 
genetic material, increasing the overall effectiveness 
of the disinfection, and with the configuration of the 
disinfection unit, Wastewater Treatment Facilities 
(WWTFs) achieve higher inactivation rates of 
microorganisms, one of the most common being 
Escherichia coli (Kamel 2022). 

Escherichia coli, or E. coli, is a gram-negative 
Enterobacteriaceae that is naturally occurring in 
human gut microbiota. Most strains are 
nonpathogenic, but some may develop resistance 
and play a role in intestinal infections or diseases 
(Cabral 2010). Cabral (2010) mentions that E. coli is 
a subspecies of total coliforms, which are gram-
negative rods that ferment lactose. Besides 
Escherichia, coliforms also include the genera 
Klebsiella, Enterobacter, and Citrobacter. Coliform 
abundance is the subject of surveillance to evaluate 
both microbial quality and treatment efficacy in 
wastewater, meaning that coliforms like E. coli can be 
used to figure out how effective the WWTF was at 
disinfecting and inactivating potentially pathogenic 
organisms and the presence of any coliforms that are 
resistant to the treatment process (Anastasi 2012). 
Antibiotics, such as ampicillin and kanamycin, may 
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be used to eradicate environmental pathogens not 
previously deactivated from the treatment process. 

Ampicillin (AMP) is a semi-synthetic -lactam 
antibiotic commonly used to treat E. coli infection in 
humans and livestock; the antibiotic works to inhibit 
cell wall synthesis of the organism, prohibiting the 
replication stage from occurring (Li 2019). Recent 
research has shown that genes in E. coli are 

beginning to show resistance to -lactam antibiotics, 

typically by encoding -lactamases or changing the 
cell wall target protein, supporting the need for future 
research on resistance development (Poirel et al., 
2018). Kanamycin (KAN) is an aminoglycoside 
antibiotic that inhibits E. coli by blocking the 
translocation process that produces peptides and is 
currently an effective antibiotic to treat infections (Liu 

2020). Compared to -lactam antibiotics, 
aminoglycosides directly target ribosomes and 
interfere with protein synthesis, damaging the DNA 
bases of the organism (Kang 2012). My research will 
study the efficacy of ultraviolet disinfection, found 
within the local WWTF, and the resistance of E. coli 
isolates towards two common antibiotics to treat 
infection: ampicillin and kanamycin. This study will 
explore UV efficacy and antibiotic resistance in 
central Kansas and offer an opportunity for further 
research.   
 
MATERIALS AND METHODS 
 
The purpose of this study is to compare the 
effectiveness of ampicillin and kanamycin against E. 
coli. The study will be conducted through Turkey 
Creek, a stream integrated within McPherson, KS. 
Wastewater samples were collected from four 
locations, two outside of the local wastewater 
treatment plant, and two within the treatment 
process. This treatment facility treats two million 
gallons of influent wastewater a day using 
Sequencing Batch Reactor (SBR) technology, a 
modification of the activated sludge process, and is 
controlled by a computer and programmable logic 
controllers (PLCs) that control the influent (raw 
wastewater), sludge handling, and effluent reuse. 
Influent wastewater is dispensed into two drum 
screening channels, two grit removal tanks, and a 
four-pump lift station that separates the sludge and 
water. Sludge is further dewatered and transported to 
an off-site facility for agricultural application, and the 
effluent is reaerated and disinfected with ultraviolet 
light before discharge and reuse (www.mcpcity.com). 

Four 50mL samples were collected through Turkey 
Creek: upstream 0.5 miles before treatment, within 
the WWTF, both pre- and post-UV disinfection, and 
downstream 0.5 miles after treatment. Samples were 
collected once a week, every week from September 
12th through October 31st, 2023, and physical 
characteristics of the samples were also taken, 

including oxygen content, pH, sample temperature, 
and conductivity using NeuLog Logger Sensors. The 
sampling locations are specified, and samples were 
analyzed shortly after collection and 24 hours 
following (Figures 1 and 2).   

 

 
Figure 1. Off-site sampling locations. 

 

 
Figure 2. On-site sampling locations. 
 

Two antibiotics were used to test the antibiotic 
resistance of wastewater: ampicillin (AMP) and 
kanamycin (KAN). Ampicillin targets E. coli infections, 
but earlier studies have shown that E. coli is 
beginning to develop resistance against b-lactam 
antibiotics including ampicillin (Poirel 2018). 
Ampicillin is an ample subject for antibiotic testing in 
this stream, especially where agricultural and 
manufacturing settings heavily contribute to antibiotic 
disposal and runoff. Kanamycin is used to treat many 
bacterial infections, and antibiotic resistance is not as 
common compared to ampicillin. Both treatment 
groups are compared to a control group treated 
without an antibiotic, and both coliform and E. coli 
quantification is possible using CompactDry E. Coli 
(EC) plates.  

After samples were collected into 50mL plastic 
centrifuge tubes, samples were dispensed into one of 
three glass test tubes treated with ampicillin, 
kanamycin, or no antibiotic, and each treatment 
group had two serial dilutions to quantify both 
coliforms and E. coli, respectively. Once sample 

http://www.mcpcity.com/
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solutions with treatments were prepared, 1mL of the 
solution was then dispensed into a correlating 
CompactDry EC plate and stored in a 37°C incubator 
for 24 hours. Once incubation is complete, colony 
abundance is then visually counted and recorded. EC 
plates have two enzyme substrates resulting in 
coliform colonies appearing pink or purple, and E. 
coli colonies appearing blue (Hardy Diagnostics). All 
plates and equipment were autoclaved at 121°C for 
35 minutes to ensure proper handling and disposal.  
 
RESULTS 
 
Ampicillin was not shown to significantly reduce the 
colony abundance, with an average reduction rate of 
21.7% in coliforms and 64.9% in E. coli. Kanamycin, 
however, displayed a significant reduction of 
colonies, with an average reduction rate of 99.4% in 
coliform colonies and 99.8% in E. coli colonies (Fig. 3 
and 4). These figures also show that coliforms and E. 
coli both display a moderate resistance to ampicillin, 
but slight to no resistance to kanamycin.  
 

 
Figure 3. Abundance of coliforms when exposed to 
different antibiotic treatments. 
 

 
Figure 4. Abundance of E. coli when exposed to 
different antibiotic treatments. 
Regarding treatment efficacy, a nearly two-fold 
reduction in coliforms and one-fold in E. coli was 
observed after UV disinfection (Fig. 3 and 4). 
 
DISCUSSION 
 
Antibiotic resistance is prevalent with antibiotic 
usage, especially where pharmaceutical waste and 
agricultural runoff both contribute, and this study 
shows not only the effectiveness of UV disinfection 
and each antibiotic but also the resistance of E. coli 
and coliforms against each antibiotic. Ampicillin is 
more abundant in the environment than kanamycin 
and is used more frequently in other applications, 
which supports the study finding that E. coli 
developed moderate resistance against ampicillin. 
Kanamycin, however, is not as commonly used in the 
environment and can support the abundance of 
kanamycin-resistant E. coli being low. When 
presented with an E. coli infection, treatment may be 
considered using kanamycin rather than ampicillin, 
considering the environmentally developed 
resistance of each antibiotic found in the study.  

Ultraviolet disinfection was also shown to have 
significantly contributed to the reduction of coliforms 
and E. coli after treatment, leaving very few colonies 
to have survived the treatment process. The rise in 
coliforms and E. coli downstream can be associated 
with wastewater reaccumulating colonies from the 
natural environment after discharge. Ultraviolet 
disinfection is found to have eliminated both coliform 
and E. coli strains from the environment, and 
antibiotics not as commonly used, like kanamycin, 
can be used to eliminate colonies resistant to other 
antibiotics. Effective wastewater treatment can 
eliminate even antibiotic-resistant bacteria, and the 
presence of colonies after disinfection or antibiotic 
treatment can support the emergence of antibiotic-
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resistance research. Further study could examine the 
microbial load shortly after pharmaceutical disposal 
and agricultural runoff to determine how much each 
contributes to antibiotic resistance. Regarding 
antibiotic efficacy particularly, further study can 
expand on what antibiotics are best to treat 
environmental bacteria, like coliforms and E. coli.  
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Advancement of Science and a subscription to the journal Science.  
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2023 

 
Olivia Smith 

Taylor Bohannon, Maggie Brown, Madison Turley 
Bethany Masters Ice, Nathan Saffer, Ann Marie 
Weesner 

2022 
 
2021 

 Brionnah Fessler, Erica Paradise, Emma 
Singleton 
Sydney Burton, Jessica James, Choucranie N. 
Kayembe, Aaron Leck, Allison Pamela Penalva 
Vanegas 

2020  Sebia Kalambayi Kabedi, Garrett Owen 
2019 Parkes Wolters Micaila Curtis, Samantha Nelson 
2018  Nora Grosbach, Amy Makovec 
2017 Nathan Finch Sheryl Evans, Lucas Giesey 
2016 Tiffany Fraser, Ashley Long Alia Khalidi, Kaley Kinnamon 
2015 
2014 
 
2013 
2012 
2011 
2010 
2009 
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Nathaniel Schowengerdt 
Yi Qun Chai, Sean DeYoung 
 
Amanda Baxter, Emily James, Taylor Roop 
Audrey McTaggart 
 
Ashlee Jost, David Miller 
Adam Horinek 
 
Joel Grosbach, Landon Snell, W. Brett Whitenack 

Shannon Coldren, Sydney Lipton, Jordan Stewart 
Lori Crain, Alejandro Esparza, Christian 
Rodriguez 
Torey Fry, Kasey Miller 
Savannah Sievers, Andrew Skinner 
Karissa Ferrell, Kelley Green, Ashley Zodrow 
 
Amanda Pangburn, Nicole Sampson, 
Lezli Warkentin 
Alan Grosbach 

2007 Callie Crist Rhonda Hoffert, Jamie Rodriguez 
2006 Travis Allen Lisa Sader 
2005 Joseph Blas David Cockriel, Jenny Harper, Danielle Lucore 
2004 Robert Ullom  
2003 Michelle Schulz Adeline Cripe 
2002 Elizabeth Stover Renata Lichty 
2001 Genelle Wine Jonas Lichty 
2000 Nathan McLaughlin Jeffrey McPherson 
1999 Roy Johnson, Jr. Jennifer M. Amiot, Janet Bowen, Eric D. Putnam, 

Anna Katharina Schenk 
1998  Rebecca Standafer, Cameron Mahler 
1997 Kerri Kobbeman Rod Samuelson 
1996  Chris Owens, Wes Seckler, Stasi Zirkel 
1995 Monica Embers, Heather Hughbanks Erik Harmon 
1994 Adam Smith Susan Blubaugh, Sherry Coopple, Adeola Grillo, 

Paula Worley 
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1993 Tyson Burden Robin Morgan 
1992 Pete Hanson  
1991  Thomas Champion, Shannon Hull 
1990 James Dechand David Maxey 
1989  Michelle Roesch 
1988 David Lehmen Cynthia Aeschacher, Sandra Ashbaugh 
1987 David Krehbiel, Marla Ullom Cassandra Clark, Marsha Morley, Jay Nicholson 

 



Cantaurus, Vol. 32, May 2024 © McPherson College Department of Natural Science 
 

Cumulative Index, Volumes 1-32 

Abbey, D. 1997. A Field Scale Evaluation of a 
Genetically Engineered Corn Hybrid Resistant to 
European Corn Borer. Cantaurus 5:2-5.  

Abbott, M. 2021. Effects of drought conditions on 
water use efficiency, transpiration and 
photosynthesis in Silphium integrifolium. Cantaurus 
29:2-5.  

Allen, S. 2002. Characterization of Co (Am2 
Bicyclam) PF6 . Cantaurus 10:2-6.  

Allen, T. 2006. Explaining Spatial Variation in Yields 
in Irrigated Corn. Cantaurus 14:2-14.  

Amiot, J.M. 1999. The Effect of Day Length on the 
Longevity of Drosophila melanogaster. Cantaurus 
7:2-4.  

Apple, A. 2023. Usability of Vitis vinifera 
‘Chambourcin’ grape extract as a pH indicator. 
Cantarus 31:2-7.  

Aragon, A. 2011. Abdominal Strength vs. Speed in 
Female College Athletes. Cantaurus 19:2-4.  

Barba, D. 2012. Ethanol’s Influence on Habituation 
and Stress in Danio rerio. Cantaurus 20:2-4.  

Barr, A.B. 1994. Demineralization of Pigs Teeth. 
Cantaurus 2:2-6.  

Baxter, A. 2013. Exploring Controlled Payload 
Release from Magnetoliposomes. Cantaurus 21:2-
7.  

Beam, K. 2012. The effect of Agrotain-Plus® on strip-
till corn with regards to N, P, K, Mg, Ca, S, Fe, Mn, 
B, Cu, and Zn levels. Cantaurus 20:5-9.  

Beckham, H. 2023. Do mutations on the HNF4-Alpha 
gene in expression of Blood Glucose Disorders? A 
Family Study. Cantarus 31:8-11.  

Behnke, A. 2001. The Effects of Sleep Deprivation on 
Binocular Convergence and Monocular 
Accommodation. Cantaurus 9:2-4.  

Bennett, K. 2016. Crotalus atrox Venom Tolerance 
through Parental Envenomation in Mus musculus. 
Cantaurus 24:2-5.  

Berlanga, J.A. 2004. Bacteria Isolated from an MTBE 
Mineral Medium Culture. Cantaurus 12:2-3.  

Bettles, C. 2012. EEG Analysis: The Effects of Music 

on Relaxation. Cantaurus 20:10-13.  

Blas, J. 2005. Expression and Purification of Tumor-
Suppressor Protein Tip30 for Structural Studies by 
NMR Spectroscopy. Cantaurus 13:2-4.  

Blubaugh, S.J. 1994. The Effect of Early Feed 
Restriction on Death Loss, Growth Rate and Final 
Maximum Body Weight of Broiler Chickens. 
Cantaurus 2:7-10.  

Boese, G. 2023. Bioremediation of Lead in Water 
using Kansas Algae. Cantarus 31:12-15.  

Bohannon, T. 2024. The Effects of Vitamin A on 
Gene Expression of BAX in MCF-7 Breast Cancer 
Cell Lines. Cantarus 32: 2-8. 

Bonn, S. 2021. DNA barcode sequences of the 
spiders in the genus Schizocosa. Cantaurus 29:6-
9.  

Bowen, J. 1999. Develop a Quantitative Analytical 
Method for Low (. 1 ppm) Levels of Ammonium 
Sulfate. Cantaurus 7:5-8  

Brandt, S. 2012. Genetic Variability and Single 
Nucleotide Polymorphisms in Humpback Whale 
DNA in Wilhemina Bay, Antarctic Peninsula. 
Cantaurus 20:17-19.  

Bretz, M. 1996. Changes in fiber content of tallgrass 
and shortgrass species during maturation. 
Cantaurus 4:2-4. 

Brown, M. 2024. Observing and Comparing the 
Cortisol Concentration in Weaning Calves Before 
and After the Weaning Process. Cantarus 32: 9-12. 

Burden, T.L. 1993. Immunological Specificity of 
Classically Conditioned Immuno-enhancement. 
Cantaurus 1:3-11.  

Burton, S. 2021. Prevalent comorbidities in 
hospitalized coronavirus (COVID 19) cases: 
evidence from a meta-analysis. Cantaurus 29:10-
15.  

Cantrell, M.D. 1993. Studies of Sonochemically 
Enhanced Grignard Reactions. Cantaurus 1:18-22. 

Chai, Y.Q. 2014. Effect of Temperature and Light on 
Burrowing Activity in Wolf Spider (Rabidosa 
punctulata). Cantaurus 22:2-6.  

Childs, A. 2014. Analysis of the Collection and 



24 Cantaurus 
 

Diversity of Spiders in the Sandhills State Park. 
Cantaurus 22:7-12.  

Christensen, J. 2021. Quantitative analysis of Vitamin 
C content in three apple varieties using Tillman’s 
method. Cantaurus 29:16-19.  

Cockriel, D. 2005. The Design and Synthesis of 
Pyrazine Ligands Suitable for Molecular Weaving 
with Octahedral Metal Ions. Cantaurus 13:5-9.  

Coldren, S. 2015. Effectiveness of Antibacterial 
Soaps according to the Manufacturer. Cantaurus 
23:2-6.  

Coleman, C. 2003. What are the Effects of No-till 
Farming on Soil Moisture and Soil Temperature 
Compared to Conventional Tillage in Rice County 
Kansas? Cantaurus 11:2-4.  

Compton, C. 2012. Animal behavior of Saimiri 
oerstedii in the Osa Peninsula: Eating, Sleeping 
and Travelling Patterns. Cantaurus 20:17-19.  

Consaul, D.J. 2004. The Effects of Kickoff and 
Compost on Yield and Economic Value of Double 
Crop Potatoes. Cantaurus 12:4-6.  

Coopple, S. 1994. PCR Analysis of Small Indian 
Mongoose Mitochondrial DNA. Cantaurus 2:11-15. 

Cox, T.D. 2006. Germination of Five Wheat Varieties 
over a Range of Salinities. Cantaurus 14:15-18.  

Crain, L.M. 2014. Germination of Twins in 
Intermediate Wheatgrass. Cantaurus 22:13-16.  

Cripe, A. 2003. McPherson College’s Environmental 
Impact on Water Use, Energy Use, and Waste 
Generation/Disposal. Cantaurus 11:5-14.  

Crist, C. E. Klein, J. Golan, D. Harrison-Findik. 2007. 
The Interaction of Alcohol and Iron-Overload in the 
in-vivo Regulation of Iron Responsive Genes. 
Cantaurus 15:2-6.  

Curtis, J. 2023. The effort of wind on reproduction 
tactics in Rabidosa punctulata. Cantarus 31:16-18. 

Curtis, M. 2019. The Effectiveness of Cannabidiol as 
an Antibiotic against Gram-positive and Gram-
negative Bacteria. Cantaurus 27:2-7.  

Darmawan, A. 2015. The Effects of Sleep 
Deprivation on Alpha Waves. Cantaurus 23:7-9.  

Davidson, J. 2012. Measuring Reaction Times of 
McPherson Football Players on the Basis of Sleep. 
Cantaurus 20:20-23.  

Deckard, M. 2015. Lipase related growth in E.coli K-
12. Cantaurus 23:10-12.  

DeMoss, C.L. 1994. The Decomposition of 
Chlorinated Hydrocarbons in Aqueous Solution by 
Ultrasonic Irradiation. Cantaurus 2:16-20.  

Dennis, J.W. 1999. The Effect of Echinacea purpurea 
on Stimulating IgM (Primary) and IgG (Secondary) 
Immune Responses in Male CD1 Mice. Cantaurus 
7:9-11.   

Der Vartanian, D. 2020. The effects of alcohol toxicity 
on seed germination. Cantaurus 28:2-4.  

Deutsch, M. 2021. Antibacterial effects of Taro 
(Colocasia esculenta) leaf extract on E. coli, S. 
agalactiae, and S. aureus who thrive on wounds. 
Cantaurus 29:20-25.  

DeYoung, S. 2014. The Effects of Male-Male 
Competition on the Mating Behavior of Rabidosa 
punctulata. Cantaurus 22:17-20.  

Dominguez, J. 2015. Monkey Species Forest 
Preference in the Osa Peninsula of Costa Rica. 
Cantaurus 23:13-15.  

Ducy, M. 2010. The Effect of Low-Carbohydrate 
Intake and Exercise on the Rate of Weight Gain 
and Blood Glucose Fluctuation in Female Mice. 
Cantaurus 18:2-7.  

Dusabe, P.C. 2023. The transgenerational effects of 
alcohol exposure in Drosophila melanogaster. 
Cantarus 31:19-21.  

Embers, M.E. 1995. The Effect of Vitamin E on 
Splenic and Hepatic Natural Killer (NK) Cell Activity 
in the Rat. Cantaurus 3:2-6.  

Embers, M.E. 1996. Current Findings and 
Developments in AIDS Research: A Review. 
Cantaurus 4:5-7.  

England, K. 2019. Relationship between bacterial 
community structure and the performance of 
microbial fuel cells in Kansas soil samples. 
Cantaurus 27:8-11.  

Engquist, L.D. 2007. Tracking Patient Habits: Gender 
Age, Financial State, and Health Education. 
Cantaurus 15:7-10.  

Epps, M.E. 1996. The effect of soil nutrient status on 
the resorption efficiency of nitrogen and 
phosphorus from leaves of green ash, Fraxinus 
pennsylvanica. Cantaurus 4:8-10.  



 Cantaurus 25 

 
Esch, J. 2023. Surfactant Efficiency of Retail Laundry 

Detergent Brands by Determination of Critical 
Micelle Concentration. Cantarus 31:22-26.  

Esparza, A. 2014. HPLC Caffeine Quantification of 
Various Energy Drinks and Caffeine Consumption 
Habits Survey among Young Adults. Cantaurus 
22:21-25.  

Esquivel, A. 2021. Use of essential oils as a pest 
deterrent against the common house cricket 
(Acheta domestics). Cantaurus 29:26-27.  

Evans, S. 2017. The Effects of Condition and Sex on 
Leg Regeneration in the Wolf Spider Rabidosa 
punctulata. Cantaurus 25:2-6.  

Falk, A. 2016. Cathepsin K Knockout Mice do not 
Exhibit Mechanical Hypersensitivity after Injection 
of an Inflammatory Insult. Cantaurus 24:6-8.  

Faust, K. 2017. Effects of Drainage Isolation in 
Kansas Streams on the Genetics of Fish. 
Cantaurus 25:7-11.  

Feasenhiser, D. 2005. The Effects of Organic 
Selenium on Rumen Volatile Fatty Acid Production 
in Continuous Culture. Cantaurus 13:10-13.  

Feaster, J. 2017. Transesterification of Various Oils 
and the Analysis of their Product Physical 
Properties. Cantaurus 25:12-15.  

Ferrell, K. 2011. What is the Prevalence of MRSA in 
a Health Care Setting Compared to a Community 
Setting? Cantaurus 19:5-10.  

Fessler, B. 2022. Leaf morphology in response to 
changes in light intensity in Convolvulus tricolor. 
Cantaurus 30:2-5.  

Finch, N. 2017. The Effect of pH on Gossypol 
Inhibition of Rabbit Muscle Lactate 
Dehydrogenase. Cantaurus 25:16-21.  

Fisher, H. 2007. Benzo(a)pyrene Induced 
Mutagenesis of Saccharomyces cerevisiae. 
Cantaurus 15:11-13.  

Fisher, J.D. 2001. Evaluation of the Farm Credit 
Quick Loan Analysis as a Valid Scorecard for 
Small Business Loans Between $100,000 and 
$250,000. Cantaurus 9:5-8.  

Fleming, L. 2016. The Effects of Elevated Levels of 
Calcium and Turbidity on Freshwater Mussel 
Growth. Cantaurus 24:9-12.  

Fraser, T. 2016. Osmotic Stress Survival and 

Thermal Tolerance in Saccharomyces cerevisiae. 
Cantaurus 24:13-16.  

Freeman, H. 1997. The Difference between Heat and 
CO2 Measurements of Metabolic Rates in Mice. 
Cantaurus 5:6-8.  

Friesen, M. 1999. A Comparative Analysis of Flue 
Gas Desulfurization Byproducts to Limestone in an 
Increase in the Soil pH. Cantaurus 7:12-14.  

Froese, A. 2011. Isolation, Characterization, 
Quantitation of Isoxanthopterin from Drosophila 
Melangolaster strains Wild Type and White Apricot. 
Cantaurus 19:11-14.  

Fry, T. 2013. Genetic and Environmental Variations 
in the Growth and Germination of Intermediate 
Wheatgrass (Thinopyrum intermedium). Cantaurus 
21:7-11.  

Gallo, S. 2001. The Effects of Wastewater Treatment 
Sludge on the Decomposition of Yard Waste. 
Cantaurus 9:9-11.  

Gesch, P. 1994. Comparisons of Myofibrillar Protein 
Using Gel Electrophoresis in Mouse Skeletal 
Muscle. Cantaurus 2:21-24.  

Ghaffarian, A. 2008. Aerobic Methane Production of 
Tropical Plants. Cantaurus 16:2-5.  

Giesey, L. 2017. Efficacy of dl-tetrahydropalmatine 
(component of Corydalis yanhusou extract) as a 
Sedative on Mice. Cantaurus 25:22-25.  

Gomez, J. 2012. Does Creatine Monohydrate Result 
into an Increase of Weight? Cantaurus 20:24-26.  

Good, S.J. 2002. Operation and Methods 
Development for the Varian Saturn 2100D GC/MS. 
Cantaurus 10:7-13.  

Green, K. 2011. What is the Prevalence of MRSA in 
an Elementary School Setting Compared to a 
Hospital Setting? Cantaurus 19:15-18.  

Griggs, M.M. 2010. The Comparison of Bacteria 
Populations under Artificial and Natural Nails, and 
the Effect of Hand Cleansing with Alcohol-Based 
Gels and Antibacterial Soap. Cantaurus 18:8-11.  

Grillo, A.O. 1994. Effect of Short-term Sulfur dioxide 
Fumigation on Photosynthesis in Sunflower and 
Wheat. Cantaurus 2:25-28.  

Grillo, I.A. 2002. The Synthesis and Characterization 
of Co(Am2Bcyclam)PF6 A model for new MRI 
Contrast Agents. Cantaurus 10:14-19.  



26 Cantaurus 
 
Grosbach, A. 2008. The Effect of a Nutritional 

Supplement on Stillbirths in Swine. Cantaurus 
16:6-8.  

Grosbach, J. 2008. The Effect of Row Spacing on the 
Yield and Plant Growth of Popcorn (Zea mays). 
Cantaurus 16:9-12.  

Grosbach, N. 2018. Mycoplasma pulmonis in Rattus 
norvegicus: isolation and microbial diversity. 
Cantaurus 26:2-5.  

Hague, D. 2013. Correlation between Lower Limb 
Muscle Strength, Reflex Reaction Times of the 
Patellar Tendon and Lower Limb Dominance. 
Cantaurus 21:12-14.  

Hall, M. 2022. The antifungal activity of cajeput 
(Melaleuca cajuputi), niaouli (Melaleuca 
quinquenervia), and rosalina (Melaleuca ericifolia) 
essential oils against Candida albicans. Cantaurus 
30:6-10.  

Hamud-Socoro, A.A. 2004. Pseudomonas 
aeruginosa Resistance to Tetracycline and 
Triclosan. Cantaurus 12:7-9.  

Hamud-Socoro, M.A. 2002. Is There a Difference in 
Hemoglobin Concentration between Male and 
Female Horses? Cantaurus 10:20-22.  

Hargitt, R. 2001. The Nitrate Contamination of 
Private Well Water in Rural Northwest Kansas. 
Cantaurus 9:12-17.  

Harmon, E. 1995. Self-incompatibility in Rapid 
Cycling Brassica rapa. Cantaurus 3:7-10.  

Harper, J. 2005. Influence of Lactose Utilization and 
Population Dynamics of Escherichia coli var. 
mutabilis. Cantaurus 13:14-17.  

Harris, D. 1999. The Effects of Bacteria in Different 
Soils of Artificial Wetlands on Certain 
Contaminants. Cantaurus 7:15-18  

Heisser, A. 2020. Effect of exercise and L-citrulline 
on heart rate in rats. Cantaurus 28:5-7.  

Henderson, J. 2019. The Effects of Varying 
Temperatures on the Viral Infection Rates of 
Escherichia coli and Bacillus subtilis. Cantaurus 
27:12-14.  

Herber, M.W. 2007. Development of a Novel Assay 
to Determine Nanoparticle Protection of 
Complexed dsDNA. Cantaurus 15:14-16.  

Herrera, A.K. 2000. The Effects of Slow and Fast 

Velocity Training on Vertical Jump Using the 
Dynamic Force Monitor. Cantaurus 8:2-5.  

Hiebert, L.M. 1996. The visible effects that laundering 
has on dyed cotton when a non-formaldehyde 
based resin finish has been applied. Cantaurus 
4:11-13.  

Hlad, Z. 2011. Quantitative Survey of Zebra Mussels 
(Dressna polymorpha) Within Wilson Lake and 
Kanopolis Lake. Cantaurus 19:16-19.  

Hoffert, R. 2007. Hershey Diamond Synthesis: an 
Attempt at Verifying Methods. Cantaurus 15:17-20. 

Hoffert, W. 2003. Synthesis and Characterization of a 
Chloro - Hydroxo Chromium3+ Complex of Cross-
Bridged Cyclam. Cantaurus 11:15-19.  

Hoffman, D. 2005. Human Performance Assessment 
Using the DYFORMON Exercise System. 
Cantaurus 13:18-22.  

Holderreed, M. 1993. Attenuation of the Immuno-
suppressive and Adrenal Responses to Noise 
Stress in Rats. Cantaurus 1:23-31.  

Hooton, S. 1999. The Effect of Different 
Concentrations of Gingko biloba on the Memory of 
a Maze in Mice. Cantaurus 7:19-22.  

Horinek, A. 2009. Antibiotic Resistance to 
Oxytetracycline HCL in Kansas Department of 
Wildlife Fish Hatchery of Pratt, KS. Cantaurus 
17:2-4.  

House, J.A. 1998. Adaptation of Pseudomonas 
aeruginosa in Kansas oil fields for use in tertiary oil 
recovery. Cantaurus 6:2-4.  

Huen. J. 1997. The Effects of Vitamin E on the Long-
evity of Drosophila melanogaster. Cantaurus 5:9-
11.  

Hughbanks, H.L. 1995. The Effects of Ovariectomy 
and Supplemental Estrogen Therapy on the 
Growth and Development of Prepubescent Rats. 
Cantaurus 3:11-16.  

Huizar, A. 2012. The Temperature Effects on Weight 
Gain and Wing Area of Drosophila melangaster. 
Cantaurus 20: 27-30.  

Huston, E. 2023. Wildlife Population Survey: Reptiles 
and Amphibians in Restored Tallgrass Prairie. 
Cantarus 31:27-29.  

Ice, B.M. 2023. Light Exposure, Yeast Metabolism, 
and Undergraduate Research. Cantarus 31:30-33. 



 Cantaurus 27 

 
James, E. 2013. The Effects of Genotypic and 

Environmental Differences on Germination and 
Seed Yield in Thinopyrum intermedium. Cantaurus 
21:16-21.   

James, J. 2021. Analysis of nitrite and nitrate 
concentrations present in locally produced ham 
labeled cured and uncured. Cantaurus 29:28-31.  

Jandreau, D. 2011. A Comparison of the Prevalence 
of Tinea pedis in Morrison and Bittinger Shower 
Drains of McPherson College. Cantaurus 19:20-22. 

Johnson, B. 1998. The development of the Function 
Generator and the Digital Multi-Meter to be used 
with LabVIEW. Cantaurus 6:5-7.  

Johnson, R.J. Jr. 1999. Survey of Plasmid Transfer 
Containing Ampicillin Resistant Gene between 
Escherichia coli pGFPuv and Enterobacter 
aerogenes Intestinal Flora Varying Wastewater 
Treatment Plant Water Quality Standards. 
Cantaurus 7:23-27.   

Jones, B.F. 2003. How Sewage Foam Affects Grass 
Growth Compared To UAN Fertilizer Or No 
Fertilizer. Cantaurus 11:20-22.  

Jones, N. 2019. Investigating photosynthetic activity 
in response to increased atmospheric CO2 levels 
and increased leaf level temperatures in Ravenea 
rivularis. Cantaurus 27:15-18.  

Jost, A. 2010. What is the Prevalence of MRSA 
Carriers in the McPherson College Student 
Population? Cantaurus 18:12-15.  

Kabangu, N. 2021. Does Lactobacillus acidophilus 
inhibit the growth of Pseudomonas aeruginosa? 
Cantaurus 29:32-34.  

Kabedi, S.K. 2020. Antibacterial activity of six 
essential oils on Gram-negative and Gram-positive 
bacteria. Cantaurus 28:8-12.  

Kadeba, A. 2018. The effects of stress-induced 
mutation using EMS on ethanol tolerance in 
Saccharomyces cerevisiae. Cantaurus 26:6-9.  

Kadeba, Y. 2018. The synthesis of an oxytetracycline 
derivative. Cantaurus 26:10-12.  

Kalambayi, T. 2021. What is the effect of the 
cyanogen in cassava leaves on Drosophila 
melanogaster larvae? Cantaurus 29:35-36.  

Kayembe, C.N. 2021. Determination of vitamin C 
content in peaches at different stages of maturity. 
Cantaurus 29:37-39.  

Kelemen, C. 2022. A review of self-medication and 
the taxonomy in which zoopharmacognosy is 
practiced. Cantaurus 30:11-13.  

Kemper, J. 2023. What is the Next Step in Cancer 
Research? Cantarus 31:34-37.  

Keyes, C.A. 2023. A Review Of Quorum Sensing, 
Interkingdom Signaling, and Quorum Quenching. 
Cantarus 31:38-42.  

Khalidi, A. 2016. The Effect of Light Environment on 
the Development of Eye Pigments in Drosophila 
melanogaster. Cantaurus 24:17-20.  

King, B. 2010. McPherson College’s Comprehensive 
Carbon Footprint and a List of Ways to Reduce our 
Environmental Impact. Cantaurus 18:16-20.  

Kinnamon, K. 2016. Phenolic Content and 
Antioxidant Activity in Kansas-grown Vitis vinifera 
and Associated Wines. Cantaurus 24:21-24.  

Kinzie, R.W. 1994. The Role of the Tail in the 
Thermoregulation of the Mongolian Gerbil, 
Meriones ungulatis. Cantaurus 2:29-32.  

Kobbeman, K. 1997. The Effects of Mycorrhizal 
Suppression on Tallgrass Prairie Forbs. Cantaurus 
5:12-17.  

Koehn, A. 2017. The Prevalence of Antibiotic 
Resistance in Escherichia coli in Relation to 
Wastewater Treatment Plants. Cantaurus 25:26-
28.  

Koster, C. 1999. Force Analysis of Individuals and 
Calibration of the Dynamic Force Monitor 
Prototype. Cantaurus 7:28-30.  

Kramer, C. 2010. Evaluation of Decay and Microbial 
Growth in the Ictalarus punctatus (Channel 
Catfish). Cantaurus 18:21-25.  

Kunz, C. 1997. Bayesian Inversion of Gamma 
Spectra. Cantaurus 5:18-27  

Lambert, T. 2017. The Effect of Petroleum Fuels and 
Biofuels on Aquatic Plant Life. Cantaurus 25:29-33. 

Lang, S. 2019. Exploring the effects of Pseudomonas 
aeruginosa on mating behaviors in the wolf spider 
Rabidosa punctulata. Cantaurus 27:19-23.  

Lange, C. 2011. What is the Distribution of Lung 
Capacity Amongst McPherson College Students? 
Cantaurus 19:23-25.  

Laska, N. 2009. Aerobic Methane Production from a 



28 Cantaurus 
 

Red Oak Tree Leaf. Cantaurus 17:5-7.  

Leck, A. 2021. A literature review of genetically 
altered yeast and its industrial uses. Cantaurus 
29:40-44.  

Levinski, L.J. 2001. Assessing the Scientific 
Evidence of Increasing Global Temperature: A 
Review of the Literature. Cantaurus 9:18-22.  

Lichty, J. 2001. The Synthesis and Characterization 
of Co(AcBcyclam)PF6. Cantaurus 9:23-26.  

Lichty, R.L. 2002. The Effect of Natural Selection on 
the Resistance of Escherichia coli to Triclosan. 
Cantaurus 10:23-25.  

Lipton, S. 2015. Is Clostridium perfringens present in 
soil samples from central Kansas? Centaurs 23:16-
20.  

Lloyd, L. 1996. A preliminary chemical investigation 
into the heritability of the metabolic pathway for the 
cardiac glycoside cymarin within the Family 
Apocynaceae. Cantaurus 4:14-16.  

Loar, S. 1995. The Effects of Electrical Stimulation on 
Individuals with Cerebral Palsy or Spina Bifida. 
Cantaurus 3:17-20.  

Long, A. 2016. The Effect of Protective Agents on the 
Demineralization of Human Tooth Enamel. 
Cantaurus 24:25-29.  

Lucore, B. 2003. Characterization of CD25+ T 
regulatory cells in Systemic Lupus Erythematosus. 
Cantaurus 11:23-26.  

Lucore, D. 2005. The Mutagenesis of 
Benzo(a)pyrene on Yeast. Cantaurus 13:23-26.  

Ludinich, M. 2023. What are the effects of 
nanoplastics as mammalian endocrine disruptors? 
Cantarus 31:43-45.  

Luter, J.B.M. 2009. The Effects of Flood Irrigation on 
Groundwater E. coli / coliform Contamination. 
Cantaurus 17:8-10.  

Lynn, A. 2019. Volatile Compounds in Wine before 
and after Imbibition. Cantaurus 27:24-28.  

Mahler, C.W. 1998. Effects on nodulation and early 
growth of soybeans grown in sewage sludge-
amended soil of McPherson. Cantaurus 6:8-10.  

Makings, E. 1997. Factors Influencing Meadowlark 
Nest Site Selection. Cantaurus 5:28-30.  

Makovec, A. 2018. Epigenetic effects of stress on 
survival in Caenorhabditis elegans. Cantaurus 
26:13-16. 

Manyonga, S.I. 2024. The Comparison of Vitamin C 
Content in Orange Juices Made by Various 
Methods. Cantarus 32: 13-16.  

May, C.M. 2002. Synthesis and characterization of 
Cu(1,1,3,6,6,8-Hexamethyl-decahydro-
3a,5a,8a,10a-tetra-azapyrene)Cl2. Cantaurus 
10:26-30.  

May, R. 2006. Observation and Characterization of 
Fullerenes in Soot Generated during Reproduction 
of Historical Diamond Synthesis. Cantaurus 14:19-
23.  

Mbuyamba, R. 2023. Impacts of COVID 19 in African 
countries. Cantarus 31:46-48.  

McCrae, S.B. 2009. Nutrient Composition of 
Livestock Feed and Its Impact on Farm 
Productivity. Cantaurus 17:11-13.  

McEndree, A. 2010. What is the Effect of Weight 
Training on Leg Strength and Speed in College 
Athletes? Cantaurus 18:26-29.  

McGowan, S. 1997. The Effect of Hydrocarbons on 
the Growth and Germination Patterns of the Plant 
Brassica rapa. Cantaurus 5:31-35.  

McGoyne, M. 1999. Effects of Exercise on the 
Respiration Rate of Mice. Cantaurus 7:31-33.  

McLaughlin, N.J. 2000. The Effects of Digoxin on the 
Recovery Rate of the Heart after Exercise in Mice. 
Cantaurus 8:6-11.  

McPherson, J.L. 2000. The Effect of Diethylstilbestrol 
on p53 Expression in Liver and Neural Tissue of 
the Female Hamster (Mesocricetus auratus). 
Cantaurus 8:12-16.  

McTaggart, A. 2012. A Rapid Assessment of 
Reptilian Diversity on Union Island, St. Vincent and 
the Grenadines. Cantaurus 20:31-35.  

Medina, R. 2022. Monarch butterfly larvae and 
airborne chemicals in relation to identifying 
milkweed. Cantaurus 30:14-16.  

Miller, D. 2010. Testing the Methods of Dr. Willard 
Hershey in Historic Diamond Synthesis. Cantaurus 
18:30-33.  

Miller, E. 2006. Population Growth and Lag Time 
Assent in Lactose Induced Eschericia coli Strains. 



 Cantaurus 29 

 
Cantaurus 14:24-26.  

Miller, K. 2013. Isolation and Identification of 
Electricity Producing Bacteria from Lakeside Park 
in McPherson Ks. Cantaurus 21:21-25.  

Millos, M. 2023. Antibacterial activity of Piper Nigrum 
against Salmonella, Escherichia Coli and 
Staphylococcus Aureus. Cantarus 31:49-52.  

Monte, L.E. 2004. Identification of Polycyclic 
Aromatic Hydrocarbon Anthracene in Beach Sand 
Extracted from Matagorda Island. Cantaurus 
12:10-12.  

Moore, P. 2013. Comparing a Untrained Panel 
Cheese Flavor Lexicon to a Trained Panel Cheese 
Lexicon. Cantaurus 21:33-39.  

Morgan, R. 1993. Comparisons of Home Range 
Estimating Techniques for the Cotton Rat 
(Sigmodon hispidus): Fluorescent Tracking vs. Live 
Trapping. Cantaurus 1:12-17.  

Munganga, E. 2017. The Effect of a One-time Dietary 
Consumption of Caffeine and Decaf on Short-term 
Memory and Attention. Cantaurus 25:34-37.  

Myers, L. 2020. Antibacterial properties of aqueous 
extract Curcuma longa on Streptococcus pyogenes 
and Escherichia coli. Cantaurus 28:13-15.  

Nelson, S. 2019. The Antibacterial Activity of 
Essential Oils from Tagetes erecta and Thuja 
occidentalis. Cantaurus 27:29-33.  

Nobo, D.A. 2017. Thinopyrum intermedium Primary 
Root Growth Affected by Simulated Microgravity. 
Cantaurus 25:38-41.  

Nobo, S. 2017. Antimicrobial Efficacy of the Phenolic 
Compounds Ellagic Acid and Epigallocatechin 
Gallate. Cantaurus 25:42-45.  

Norman, W. 1999. The Effects of Varying pH on 
Plasmid Transfer from Escherichia coli to 
Enterobacter aerogenes. Cantaurus 7:34-35.  

Norsworthy, C.B. 2000. The Effects of Selenium on 
the Death Rate of Brine Shrimp. Cantaurus 8:17-
19.  

Novinger, A. 2012. Comparison of Intake Levels and 
Sources of Dietary Calcium Among McPherson 
College Students. Cantaurus 20:36-39.  

Oram, C. 2020. The effect of variable environments 
on aggressive behavior in Betta splendens. 
Cantaurus 28:16-19.  

Osterloh, M. 2004. Transfer of Antibiotic Resistant 
Genes between Escherichia coli and Salmonella 
typhimurum. Cantaurus 12:13-14.  

Owen, G. 2020. 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. Cantaurus 28:20-24.  

Owens, C. 1996. Action of nitrate on the fathead 
minnow, Pimephales promelas, in stillwater. 
Cantaurus 4:17-20.  

Pangburn, A. 2010. Sulfate in Wet Distiller’s Grain 
from the Kansas Ethanol, L.L.C., Plant. Cantaurus 
18:34-36.  

Paparella, A. 2014. Descriptive Analysis of Tree 
Composition and Diversity in a Coastal Tropical 
Lowland Moist Secondary Forest in Puerto Rico. 
Cantaurus 22:26-29.   

Paradise, E. 2022. Effects of soil microbial 
community variability on Silphium integrifolium, 
Lespedeza capitata, and Andropogon gerardii 
growth. Cantaurus 30:17-20.  

Parsell, T. 2003. Synthesis and Characterization of 4, 
11-dimethyl-1, 4, 8, 11, tetraazabicyclo 
hexadecane Chromium. Cantaurus 11:27-30.  

Paull, A. 2008. The Effects of Atmospheric Contact 
on the Rate of Acetylene Breakdown in 
Azotobacter chroococcum. Cantaurus 16:15-17.  

Penalva Vanegas, A.P. 2021. A literature review on 
the effects of the ketogenic diet on the gut 
microbiota and weight-loss. Cantaurus 29:45-50.  

Phillips, T.S. 1998. Effect of microorganisms and 
nitrogen on the allelopathy of sorghum residues 
and the germination of wheat seeds. Cantaurus 
6:11-13.  

Poland, S. 2010. Population Growth and Its Effects 
on Water Demand in Arvada, Colorado. Cantaurus 
18:37-41.  

Potter, K. 2021. Kawasaki disease: a review 
exploring the changes in etiology, epidemiology, 
and link to COVID-19. Cantaurus 29:51-55.  

Prose, P. 2000. The Hamster’s Progesterone 
Receptor Levels According to the Menstrual Cycle. 
Cantaurus 8:20-22.  

Pugh, G. 2016. Analysis of the Fungicidal Nature of 
ZnS on Sordaria fimicola. Cantaurus 24:30-34.  



30 Cantaurus 
 
Putnam, E.D. 1999. Groundwater Analysis of 

Triazine Herbicide Using Solid Phase Extraction 
and High Pressure Liquid Chromatography. 
Cantaurus 7:36-37.  

Reichert, E.C. 2000. The Effect of Different 
Concentrations of Gingko biloba on the Memory of 
a Maze in Mice. Cantaurus 8:23-24.  

Rodriguez, C.A. 2014. Wolf Spiders Maximize Speed 
through Substrate Preferences during Escapes. 
Cantaurus 22:30-33.  

Rodriguez, J. 2007. Aerobic Methane Production by 
Banana Plant. Cantaurus 15:21-23.  

Rodriguez, N. 2010. The Effects of Unilateral and 
Bilateral Lifting Techniques on Unilateral and 
Bilateral Strength in Untrained Women. Cantaurus 
18:42-44.  

Rodriguez, R. 2023. How long do Staphylococcus 
aureus and E. coli remain viable on fomite 
surfaces? Cantarus 31:53-56.  

Roop, T. 2013. Biophysical Characterization and the 
Effect of Biotinylation on the Physical Stability of 
GroEL. Cantaurus 21:33-39.  

Rotering, A. 2012. The Sources and Intake of Vitamin 
B12 in McPherson College Students. Cantaurus 
20:40-43.  

Sader, L. 2006. Isolation and Identification of an 
Electricity Producing Microorganism from the 
Quivira National Wildlife Refuge. Cantaurus 14:27-
30.  

Saffer, E. 1995. Physical Therapy in McPherson 
County Schools. Cantaurus 3:21-28.  

Saffer, K. 1995. The Effect of Marine Phytoplankton 
on Global Warming: a Modelling Approach. 
Cantaurus 3:29-35.  

Saffer, M. 1995. Acupuncture and Massage Therapy: 
their Characteristics, Hypothetical Explanations, 
and Applications to Physical Therapy Cantaurus 
3:36-39.  

Salmeron Rattana, A. 2020. Activity of mouthwash 
against Streptococcus species in oral cavity. 
Cantaurus 28:25-27.  

Sample, M. 2020. The effect of glyphosate on the 
wolf spider Rabidosa punctulata communication. 
Cantaurus 28:28-31.  

Sampson, N. 2010. The Cation-Exchange Capacity 

of Crete Silt Loam Soil Compared to Charcoal. 
Cantaurus 18:45-49.  

Samuelson, R. 1997. Heterotrophic Dominance 
Observed Among the Micro-organisms Of the 
Schermerhorn Park Cave In Cherokee County, 
Kansas. Cantaurus 5:36-40.  

Schenk, A.K. 1999. The Effects of Various Carbon 
Dioxide Concentrations on Lemna minor. 
Cantaurus 7:38-40.  

Schloo, B. 2012. Variation in Seed Yield and Stem 
Number in Different Genotypes of Intermediate 
Wheatgrass. Cantaurus 20:44-46.  

Schoen, A.R. 2007. Carbon Fiber Electrode as an 
Electron Acceptor for a Microbial Fuel Cell using 
Geobacter. Cantaurus 15:24-26.  

Schowengerdt, N.D. 2015. What is the 
Diversity of Sub-Canopy Web Building Spiders in 
Three Separate Regions of Puerto Rico? 
Cantaurus 23:21-17. 

Schropp, J. 2007. Comparison of Effort for High-
Velocity and Low-Velocity Bench Press. Cantaurus 
15:27-29.  

Schulz, M.L. 2003. The effects of cover crops in no-
till systems on microbial activity. Cantaurus 11:31-
36.  

Sechler, W. 1996. Determination of magnesium 
levels in rat myocardium after administration of 
epinephrine. Cantaurus 4:21-24.  

Sedlack, K. 2023. Physiological Effects of Energy 
Drink Supplements on Daphnia Magna. Cantarus 
31:57-59.  

Showalter, J. 2001. The Effects of Nitrogen on Yield 
and Nutrient Composition of Alfalfa. Cantaurus 
9:27-28.  

Sievers, S. 2012. The Genetic Versus Environmental 
Effects on Seed Yield Traits in Intermediate 
Wheatgrass. Cantaurus 20:47-50.  

Simon, J.C. 2009. The Effects of Temperature 
Increase and Presence of Light on Methane 
Production and Emission of Alocasia x amazonica. 
Cantaurus 17:14-16.   

Simon, S. 2016. Effects of Female Mating Status on 
the Expression and Success of Male Mating Tactic 
in the Wolf Spider Rabidosa punctulata. Cantaurus 
24:35-37.  



 Cantaurus 31 

 
Singleton, C. 2021. Comparison of the antibacterial 

activity of tea tree oil and tea seed oil with that of 
amoxicillin and ampicillin against E. coli. Cantaurus 
29:56-60.  

Singleton, E. 2022. A greener method for the Diels-
Alder reaction using anthracene and maleic 
anhydride. Cantaurus 30:21-25.  

Skinner, A. 2012. The Effects of Increased CO2 
Concentration on the Rate of Photosynthesis in 
Corn. Cantaraus 20:51-55.  

Smith, A.B. 1994. Agricultural Disturbances and 
Small Mammal Communities: Peromyscus 
maniculatis versus Sigmodon hispidus. Cantaurus 
2:33-39.  

Smith, O. 2023. Genomic exploration of the role of 
lipid metabolism in intrapersonal changes in the 
human skin microbiome. Cantarus 31:60-65.  

Smith, T. 2019. How Long After a Carrion Beetle 
Feeds on a Beef Carcass Can You Recover 
Identifiable Beef Specific DNA? Cantaurus 27:34-
37.  

Smoot, M. 2023. Biological sorbents as an alternative 
for oil spill cleanup. Cantarus 31:66-70.  

Snell, C. 2010. The Effects of Temperature on the 
Rate of Conjugation in Escherichia coli. Cantaurus 
18:50-52.  

Snell, L. 2008. Isolation and Identification of Antibiotic 
Resistant Bacteria from the Intestinal Flora of 
Feedlot Cattle and a Measure of Their Efficacy for 
Lateral Gene Transfer. Cantaurus 16:18-20.   

Snell, T. 2005. Synthesis and Characterization of 
Cross-bridged AMD 3100 Analog. Cantaurus 
13:27-31.  

Snodgrass, J. 2013. Effects of Altitude 
Acclimatization and Re-acclimatization on Cardio-
Respiratory Fitness in McPherson College Football 
Players. Cantaurus 21:40-43.  

Sombers, D. 2019. Using DNA Fingerprinting to 
Identify Genetic Relatedness for a Family. 
Cantaurus 27:38-40.  

Spillum, T. 1997. Detection and Concentration of 
Gasoline and Diesel 1 Hazardous Air Pollutants in 
Some Typical Refining Products. Cantaurus 5:41-
42.  

Standafer, R.L. 1998. The effects of elevated carbon 
dioxide concentrations on the stomata of Spartina 

patens and Scirpus olneyi. Cantaurus 6:14-16.  

Stewart, J. 2015. How Does Caspase-3 Affect 
Apoptosis and Cell Death in Cancer Cell line 
SW480? Cantaurus 23:28-31.  

Stine, M.E. 1994. The Effects of Soybean 
Development with EMS Treatment. Cantaurus 
2:40-42.  

Stover, E. 2002. In vitro cytotoxicity of the epothilone 
analog, BMS 247550, in pediatric malignancies. 
Cantaurus 10:31-37.  

Sturgeon, L. 1994. Conditioning Coenobita clypetus 
to Retain Information. Cantaurus 2:43-47.  

Taylor, K. 2021. The effect of the essential oils: tea 
tree, thyme, and peppermint on Staphylococcus 
aureus growth. Cantaurus 29:61-64.  

Theron, C. 2018. Colorimetric determination of 
acetaminophen degradation in blood samples 
stored at 24°C and 40°C. Cantaurus 26:17-20.  

Thode, B.R. 1999. The Effects of Human Presence 
on the Texas Tortoise (Gopherus berlandieri) in 
Southern Texas and Northern Mexico. Cantaurus 
7:41-43.  

Tilahun, M. 2020. The effect of developmental 
environment on choice of egg deposition in 
Drosophila  melanogaster. Cantaurus 28:32-34.  

Toro, S. 2014. Comparing the Gut Microbiomes of 
Arachnids that Differ in Feeding Ecology. 
Cantaurus 22:34-38  

Torrison, L. 1999. The Effect of Microwave Radiation 
on Polypropylene Used in Food Containers. 
Cantaurus 7:44-46.  

Turley, M. 2024. Efficacy of Ampicillin and 
Kanamycin against Coliforms and Escherichia coli 
in Local Wastewater. Cantarus 32: 17-20. 

Turner, T. 2011. Comparison of Coping Self-Efficacy 
Levels between Freshmen and Seniors at Scott 
Community High School. Cantaurus 19:26-28.  

Ullom, R. 2004. Linked Cross-Bridged Cyclams as 
Anti-HIV Agents. Cantaurus 12:15-19.  

Usdansky, K. 2019. Weight Lifting Affects the EMG 
Activity of the Flexors and Extensors of the Legs. 
Cantaurus 27:41-44.  

van Asselt, K. 2020. The effect of audible sound on 
the kinetics of an inorganic and an enzyme 



32 Cantaurus 
 

catalyzed reaction. Cantaurus 28:35-39.  

Viehman, E. 2009. The Effect of Temperature on 
Aerobic Methane Production by the Fiddle Leaf Fig 
and the Norfolk Island Pine. Cantaurus 17:17-19.  

Villa, O. 2015. The Effects of Spathiphyllum 
cochlearispathum Plants on Indoor Airborne 
Spores. Cantaurus 23:32-34.  

Vrtiska, E. 2006. Multi-Subject Assessment of 
Human Performance Using the DYFORMON. 
Cantaurus 14:31-34.  

Vrtiska, M. 2003. The Effects of CRP on Earthworm 
Populations. Cantaurus 11:37-40.  

Ware, B.A. 2017. Growth and Development in Wolf 
Spiders. Cantaurus 25:46-48.  

Ware, S. 1997. The Effects of NaCl on the 
Germination of Brassica rapa and Atriplex patula. 
Cantaurus 5:43-46.  

Warkentin, L. 2009. The Effects of Amikacin, 
Doxycycline, Erythromycin, Penicillin, and 
Sulfamethoxazole with Trimethoprim on Tylosin 
Resistant E. coli. Cantaurus 17:20-23.  

Washington, S. 2016. The Amount of Total Dissolved 
Solids in Coffee Made by 6 Different Brewing 
Methods. Cantaurus 24:38-41.  

Weesner, A.M. and Saffer, N. 2023. Using Infectious 
Disease SIR Models to Analyze COVID-19 in Two 
Neighboring US States. Cantarus 31:71-79.  

Wenzel, R. 1998. Atrazine runoff from corn fields 
using high pressure liquid chromatography and 
solid phase extraction. Cantaurus 6:17-19.  

Westbrook, C. 2010. The Effects of Yoga on 
Muscular Endurance in McPherson College 
Athletes. Cantaurus 18:53-55.  

Whitenack, W.B. 2008. The Use Of Electrolytic 
Reduction For The Removal Of Chlorides From 
Iron-Nickel Meteorites. Cantaurus 16:21-27.  

Williams Fernandez, L. 2023. SARS-CoV-2: How 
Important are Spike Proteins in Infection and 
Emergence of New Variants? Cantarus 31:80-83. 

Williams, S. 2012. Degradation of Cellobiose via 
Bacillus stearothermophilus. Cantaurus 20:56-58. 

Williams, W. 2010. Effects of Altitude Acclimatization 
on Cardiorespiratory Fitness in McPherson 
College’s Women Soccer Players. Cantaurus 

18:56-59.   

Willow, E. 2018. Efficacy of intravenous aspirin on 
blood clotting after Vipera russelli injection. 
Cantaurus 26:21-24.  

Wilson, A.J. 2000. The Selenium Levels in Non-
irrigated and Irrigated Fields in North Central 
Kansas. Cantaurus 8:25-26.  

Wine, G. 2001. The Effects of Apis mellifica on Type I 
Hypersensitivity in Mice. Cantaurus 9:29-32.  

Wolters, P. 2019. Measuring the Relationship 
Between Body Condition and Body Composition in 
Two Kansas Spider Species. Cantaurus 27:45-49. 

Woody, A. 2008. The Effects of Yoga Conditioning 
for Athletes on Cardiorespiratory Endurance. 
Cantaurus 16:28-31.  

Worley, P. 1994. Psychosocial Environment Change 
and its Effect on the Immune Response of Mice. 
Cantaurus 2:48-51.  

Wright, C. 2016. Isolation and Characterization of 
Antimicrobial Microorganisms in McPherson 
County Soil. Cantaurus 24:42-44.  

Yarnall, S. 2019. The Effects of Hydrocarbon 
Contamination on the Soil Microbial Consortia from 
Quivira National Wildlife Refuge. Cantaurus 27:50-
52.  

Zimmerman, W. 2016. Cell Toxicity Studies to 
Understand Neurodegenerative Parkinson’s 
Disease. Cantaurus 24:45-48.  

Zirkel, S. 1996. Immunosuppression in mice 
consuming elevated levels of dietary saturated fat. 
Cantaurus 4:25-28.  

Zitnik, J. 1999. Bayesian Inversion of Simply 
Modeled Magnetic Anomaly Data. Cantaurus 7:52-
55.  

Zodrow, A. 2011. The Effectiveness of Multi-Purpose 
Solutions against Clinically Isolated Micro-
organisms. Cantaurus 19:29-33.  

 


