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Organic Produce: Healthy Alternative or a Contributor to Antibiotic Resistance? 

 

Abstract 

The organic food production industry has been developing quickly in recent 

years. As the industry has grown, so has the perception that organic foods are generally 

healthier than their non-organic equivalents. This stems from the fact that they do not 

use chemical fertilizers, which are believed be less healthy for humans and the 

environment. However, in organic farming manure is often used in place of these 

fertilizers. From an antibiotic resistance standpoint, this may also pose an issue. The 

aim of this project is to question whether organic produce is really better for human 

health if it may also be contributing to the growth of antibiotic resistant bacteria. 

To examine this question, three types of produce were purchased from a local 

grocery store. This included beets, carrots, and romaine lettuce, with organic and non-

organic varieties of each. In the laboratory, the produce were swabbed to collect 

bacteria and grown on agar plates to obtain isolates. The final steps of this project will 

be to test the antibiotic-resistance levels of these microbes to a total of three highly-

prescribed antibiotics: cephalexin, ampicillin, and doxycycline. Bacterial isolates will also 

be sequenced to determine the presence of pathogenic organisms and assess any 

potential risk to consumers of this produce. Resistance levels between organically-

farmed and non-organically farmed vegetables are hypothesized to be approximately 

equal.  
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Background and Introduction 

The organic agriculture industry has grown tremendously over the last few 

decades. Up until the 1980s, the number of organic farms across the world was at a 

level of negligibility. As of 2006, the number of farms had grown to 623,000 worldwide 

(Lockeretz, 2007). In the United States, this transition was strongly influenced by a 

comprehensive organic farming study published by the USDA in 1980 (Lockeretz, 

2007). This report highlighted the feasibility of organic farming and asserted that “it is of 

utmost importance that USDA develop research and education programs and policies to 

assist farmers who desire to practice organic methods” (Lockeretz, 2007). This acted as 

an impetus for changing the perceptions around organic farming that had previously 

framed it in a negative light, making it unappealing to policy makers. 

 In 2018, the U.S. organic market had record high sales of $52.5 billion (OTA, 

2019). This has occurred largely because of a heightened consumer demand for these 

products, owing to an overall cultural shift. Laura Batcha, the CEO and Executive 

Director of the Organic Trade Association, presents the perspective that “In 2018, there 

was a notable shift in the mindset of those working in organic toward collaboration and 

activism to move the needle on the role organic can play in sustainability and 

tackling environmental initiatives” (OTA, 2019). Today’s consumers, particularly 

millennials, care about the ethics and integrity behind the food they purchase. 

Consequently, the growth rate of the organic food industry is showing no signs of 

slowing down. In North America, the amount of organic agricultural land grew from 1.06 

million hectares to 3.22 million hectares between 2000 and 2017 (Lernoud & Willer, 
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2019). The organic market in the United States specifically grew by 6% in 2017 and is 

the largest organic market in the world (Lernoud & Willer, 2019).  

To meet the USDA organic certification, products go through verification at every 

step of the process from the farm to the store. This addresses a variety of categories, 

such as pest and weed control, soil quality, and types of additives used. It also restricts 

the use of any genetically modified organisms. According to the USDA, produce will be 

considered organic “if it’s certified to have grown on soil that had no prohibited 

substances applied for three years prior to harvest” (USDA, 2019). In order to 

standardize these prohibited substances, there is a National Organic Standards Board 

(NOSB), which votes upon substance criteria and compiles the National List of Allowed 

and Prohibited Substances. Examples of these substances are shown in Table 1. The 

NOSB includes “organic growers, handlers, retailers, environmentalists, scientists, 

USDA-accredited certifying agents and consumer advocates” (USDA, 2018).  

Synthetic Substances Allowed 

for Use in Organic Crop 

Production 

Non-synthetic Substances 

Prohibited for Use in Organic 

Crop Production 

Alcohols Ash from manure burning 

Chlorine dioxide Arsenic 

Copper sulfate Calcium chloride 

Peracetic acid Lead salts 
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Soap-based Herbicides Sodium fluoaluminate (mined) 

Lime sulfur Strychnine 

Table 1: A Selection of Examples of Synthetic Substances Allowed for Use in Organic 

Crop Production and Non-synthetic Substances Prohibited for Use in Organic Crop 

Production (OFC, 2020) 

The types of produce that will be the primary focus of this paper are romaine 

lettuce (Lactuca sativa), beets (Beta vulgaris), and carrots (Daucus carota subsp. 

sativus). Among these vegetables, lettuce has the highest monetary value of almost 

$1.9 billion from production in the U.S. in 2015 (AMRC, 2018). In that year, total lettuce 

production in the U.S. was “8,087 million pounds with 5.7% of domestic production of 

head lettuce exported and 10.9% of leaf/romaine exported” (AMRC, 2018). The 

estimated gross value for carrot production in 2015 was $10,600 per acre. With fresh 

market carrots being harvested from 71,550 acres that year, this would value production 

at approximately $758 million (AMRC, 2019). Total beet production in 2015 was valued 

at $1.3 billion and approximately 35.7 million tons were harvested in 2017 (AMRC, 

2019). However, it is important to note that these values are for sugarbeets (Beta 

vulgaris subsp. vulgaris convar. vulgaris var. altissima) specifically, rather than red 

beets. The issue this paper is interested in applying to the organic agricultural industry 

is antibiotic resistance. Is there a significant difference in levels of antibiotic resistant 

bacteria on organic and non-organic produce? 
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Antibiotic resistance describes the biological process by which certain 

microorganisms become resistant to drugs previously used to kill them. This can occur 

when a bacterial population is excessively treated with a certain antibiotic (natural or 

artificial). “Antibiotics are widely used for the treatment and prevention of diseases in 

humans, animals, and less commonly in crop plants. Many antibiotics are also used to 

promote growth and enhance feed efficiency in animal agriculture” (Williams-Nguyen et 

al., 2016). Resistance can reach high concentrations in bacterial populations when 

antibiotics are used in extreme amounts for one of these purposes. When an antibiotic 

kills most of a bacterial population, there may be some bacteria that naturally have more 

resistance to the antibiotic and survive. These more evolutionarily fit bacteria may then 

reproduce and pass on their resistance genes to the next generation, thus creating a 

higher concentration of resistance within the population over time.  

The discussion of the subject of antibiotic resistance is most often centered 

around disease-causing microorganisms, as they have the most direct effect on human 

health. In recent years in particular, antibiotic resistance has become a global health 

crisis. Each year in the United States, around 2.8 million people are infected with 

antibiotic resistant bacteria and at least 35,000 will die from these infections (CDC, 

2019). New resistance mechanisms in microbes are frequently being discovered, with 

few effective drugs being developed to replace those that are becoming ineffective due 

to resistance (Blair et al., 2014). One perspective of how the overuse of antibiotics can 

be curbed is by limiting how much they are used on humans. However, it is also critical 

to address how the use of antibiotics on animals affects resistance. 
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“Of all antibiotics sold in the United States, approximately 80% are sold for use in 

animal agriculture; about 70% of these are “medically important” (i.e., from classes 

important to human medicine)” (Martin et al., 2015). Given that the majority of antibiotics 

are used within agriculture, it is clear that in order to regulate the issue of antibiotic 

resistance, this is the sector that will require the most attention. Antibiotics in agriculture 

are most often used on animals in order to increase growth rates and prevent bacterial 

infections (Martin, 2015). The dilemma comes when these antibiotics are heavily 

overused because this creates a greater likelihood that resistant populations will 

predominate. After antibiotics are used within animal agriculture, antibiotic residues and 

antibiotic resistant bacteria can end up in the agricultural soil. This can occur through 

“direct excretion, land application of biosolids or animal manures as fertilizers, and 

irrigation with wastewater or treated effluents” (Williams-Nguyen et al., 2016). The 2017 

domestic sale and distribution data for antimicrobial drugs approved for use in food-

producing animals are shown in Table 2, which provides some insight into how these 

drugs are being administered.  
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Table 2: Antimicrobial Drugs Approved for Use in U.S. in Food-producing Animals 

Actively Marketed in 2017 Sales and Distribution Data Reported by Drug Class (FDA, 

2018)  
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Most notably, Table 2 indicates that 51% of the total antimicrobial drugs 

administered to food animals are considered “medically important” and the annual total 

for these antimicrobials was over 10.9 million kilograms. According to Figure 1, the 

class of antimicrobial that was most heavily used in U.S. agriculture from 2009-2016 

was tetracyclines.  

 

Figure 1: Antimicrobial Drugs Approved for Use in Food-producing Animals Actively 

Marketed in 2009-2017 Domestic Sales and Distribution Data Reported by Medical 

Importance and Drug Class, (FDA, 2018)  
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This is particularly concerning as tetracyclines are classified by the World Health 

Organization under “highly important antimicrobials” with regard to human medicine 

(WHO, 2019). If bacterial populations were to develop resistance to tetracyclines or to 

other medically important antibiotics, this would have major public health implications. 

However, Figure 1 also shows the stark 40% drop in tetracyclines use in 2017. This 

decrease is likely due to the rise of “raised without antibiotics” production within the U.S. 

animal agriculture industry. Starting in 2006, the European Union (EU) banned the 

usage of antibiotics for growth promotion and the U.S. has, though more slowly, 

followed suit (Sneeringer et al., 2019). A few key companies in the poultry industry, 

namely Perdue Foods and Tyson Foods made the decision to eliminate all antibiotic 

usage except for disease treatment in 2016 and 2017 respectively. When combined 

with contributions from some other smaller firms, this resulted in a rise from 2.7% of the 

U.S broiler market being raised without antibiotics in 2012 to 44% in 2017 (Sneeringer 

et al., 2019). Currently, “Medically important antibiotics are no longer used for growth 

promotion or other production purposes in the United States or EU, but may still be 

used for disease prevention, control, and treatment” (Sneeringer et al., 2019). If this 

usage continues to decrease or remains relatively constant in coming years this would 

be a shift in a positive direction in regards to combating antibiotic resistance. 

The means by which people can become infected with antibiotic resistant 

bacteria through the agricultural/environmental chain are through the handling or 

consumption of raw or undercooked meat; eating contaminated produce; and contact 

with animal feces directly or through contaminated water (CDC, 2019). While the 

raw/undercooked meat exposure route tends to be more commonly known, the means 
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of transfer that has not been as widely examined is the transfer of resistant bacteria 

through consumption of produce.   

A case study by Zhang et al. (2019) provides some data on how manure-

amended soils can transfer antibiotic resistance genes to the microbiomes of 

vegetables. In this study, they focused on the cultivation of lettuce plants and gathered 

data on how poultry manure and cattle manure would affect the abundance of antibiotic 

resistance genes (ARGs). The results indicated that levels of antibiotic resistance in 

lettuce plants increased when animal manure was applied. Additionally, “the shared 

ARGs in the soil-plant system suggested a potential route of ARGs transfer into human 

microbiome and pathogen via the food chain (e.g. vegetable, salad)” (Zhang et al., 

2019). This may have implications in regards to human health. It may also give some 

insight into the potential effects of manure application within organic agriculture. 

 One of the methods utilized to study antibiotic resistance in environmental and 

agricultural samples is Polymerase Chain Reaction (PCR), a molecular method used to 

amplify regions of interest (such as ARGs) in extracted DNA. The amplified DNA 

(amplicons) can then be visualized on an agarose gel to confirm product of the correct 

size, and/or can be sequenced to identify the bacterial species. The main components 

of a PCR reaction are: the DNA sample containing the target gene sequence; forward 

and reverse primers, which are DNA segments which match the ends of the gene of 

interest; DNA nucleotide bases (A, G, C, and T); the Taq polymerase enzyme, which 

catalyzes the extension of the DNA band; and a buffer solution that maintains the 

integrity of the reaction (YG, 2016). Once these components have been combined at 

target concentrations in a microcentrifuge tube, the tube is placed in a PCR 
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thermocycler, which maintains the temperature cycles needed to complete the 

amplification. As displayed in Figure 2, the first temperature step is denaturation, where 

samples are heated to 94-95 °C to separate the double helix strands of DNA into single 

strands. This initial temperature increase also stimulates the activity of the Taq 

polymerase enzyme. The temperature is then lowered to 50-65 °C (the exact 

temperature is dependent on the sequence of the primers) so that the primers can 

anneal to the DNA target region. Finally, the temperature is raised to 72 °C so that the 

extension of the new strands can be carried out by the Taq polymerase enzyme. These 

cycles are repeated 25 to 40 times to produce DNA amplification (YG, 2016). 

 

Figure 2: Main Steps of Polymerase Chain Reaction (PCR), (YG, 2016) 

  

A central method for studying antibiotic resistance is the culture-based method. 

These methods “commonly involve isolating target bacteria on general or selective 

media followed by assessing growth in response to specific concentrations of anti-

biotics” (McLain et al., 2016). An example of media used during growth procedures is 
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Mueller-Hinton agar. The process of isolating the bacteria within this approach is 

necessary for understanding phenotypic aspects of antibiotic resistance. It can be 

invaluable in developing linkages between how resistance may be transferred from 

environmental settings to clinical settings (McLain et al., 2016). A typical approach when 

culturing a target microbe from the environment is to use selective media. These media 

“facilitate the growth of target bacteria while inhibiting the growth of competing 

organisms” since environmental samples contain such high magnitudes of 

microorganisms (McLain et al., 2016).  

In studying the resistance of bacteria to specific antibiotics, agar disk diffusion 

methods can be used. In this procedure, bacteria are spread across an agar plate and 

then antibiotic disks are placed on the plate. The drugs contained in the disks then 

diffuse into the agar in a gradient. The diameter of the “zone of inhibition” around the 

disk will be measured in order to determine the level of sensitivity or resistance the 

bacteria have to the antibiotic (McLain et al., 2016). The zone of inhibition indicates the 

concentration where the antibiotic prevented the bacteria from growing. If there is a 

larger zone of inhibition, then the bacteria are more sensitive to the effect of the drug. If 

there is a smaller zone of inhibition, then the bacteria have a higher level of resistance 

to the drug. “The diameter of the zone of inhibition…is compared with 

standardized…interpretive criteria to designate the isolate as sensitive or resistant to 

the drug” (McLain et al., 2016).  

It is also critical to note that bacterial populations do have a certain level of 

natural antibiotic resistance (Williams-Nguyen et al., 2016). This is necessary to take 

into account when assessing any increases or decreases in antibiotic resistance levels 
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in populations of interest because the resistance may not be solely derived from human 

contributions. 

Literature Review 

All of this methodology, resistance, and agricultural background can be applied 

back to the topic of non-organic versus organic agriculture.  In a study conducted by 

Zhu et al. (2017), high throughput quantitative PCR and 16s RNA Illumina sequencing 

were used to explore the differences in the microbial populations on organic and 

conventionally produced non-organic lettuce. They observed that the number of 

antibiotic resistance genes (ARGs) in the phyllosphere of the organic lettuce was 8 

times higher than that of the non-organic lettuce. They also found that there was 

significantly lower diversity within the bacterial communities on the organic lettuce 

compared to non-organic lettuce. 

Another study, conducted by Udikovic-Kolic (2014), looked into the specifics of 

how manure soil amendments from cows affected the prevalence of antibiotic resistant 

bacteria. In this experiment, they cultured soil bacteria before and at ten different times 

after the manure was applied to the agricultural land. They specifically note that this 

manure was taken from cows who were not treated with antibiotics. Their results 

showed that “Soil treated with manure contained a higher abundance of β-lactam–

resistant bacteria than soil treated with inorganic fertilizer” (Udikovic-Kolic, 2014). 

Overall, they found that the manure treatment contributed to an increase in particular 

types of antibiotic resistant bacteria, including Pseudomonas spp. The findings of this 

research are especially intriguing to apply to the ideas surrounding organic agriculture. 
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They suggest that concentrations of antibiotic resistant bacteria can be increased from 

the organic practice of manure application, even in cases where the animals producing 

the manure were not treated with antibiotics.  

A study by Hoogenboom et al. (2008) focused on comparing the microbes 

present on organic versus conventionally produced Dutch food products. As a part of 

this research, they analyzed the feces of pigs and broiler chickens present at these 

farms for levels of Salmonella and Campylobacter. They found that the incidence of 

Salmonella between organic and conventional farms was very similar. Notably, they 

also found that “feces from organic pigs and broilers showed a much lower incidence of 

antibiotic resistant bacteria, except for Campylobacter in broilers” (Hoogenboom et al., 

2008).  

In New Zealand a study was conducted to assess “the microbial risk of fresh 

produce collected from a compost farm, a crop-livestock rotation farm and a traditional 

farm” (Wadamori et al., 2016). They collected 79 vegetable samples from these farms 

and found that the contamination on the organic produce had a broader range of 

pathogens present compared to the traditional farm. Among all three types of farms 

however, they found that the resistance levels of Staphylococcus aureus and 

Salmonella were high in response to the antibiotics vancomycin, erythromycin, 

ampicillin, and penicillin (Wadamori et al., 2016). Though resistance was high, there 

was not a significant difference in resistance levels between the different types of farms. 

The results of these studies indicate uncertainty in regards to whether organic 

produce carries higher levels of antibiotic resistant bacteria than non-organic produce, 
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or vice versa. This provides a strong motivation for continued research and data 

collection in this area of agriculture. 

 

Research Methods and Objectives 

The central question driving my Honors Thesis research over this past year was 

whether organic produce is really better for human health if it may also be contributing 

to the growth of antibiotic resistant bacteria. In order to examine this question, three 

types of fresh produce were purchased from a local grocery store. This included beets, 

carrots, and romaine lettuce, with organic and non-organic varieties of each. In the 

laboratory, the produce were swabbed to collect bacteria and grown on agar plates to 

obtain isolates. These bacteria will be cultured on microbiological media with added 

antibiotics to test the antibiotic-resistance levels. Resistance to a total of three highly-

prescribed antibiotics will be tested: cephalexin, ampicillin, and doxycycline. Finally, 

bacterial isolates will also be sequenced to determine the presence of pathogenic 

organisms and assess any potential risk to consumers of this produce.  

The following outlines the laboratory work that was completed over the course of the 

2019-2020 school year.  

 

Media Preparation 

 

1. Prepare 12 plates of Mueller-Hinton agar – according to instruction. Refrigerate 

(upside down) at 4°C until use. 

2. Prepare one rack of tubes of sterile nutrient broth, each with 9 mL of broth. Keep 

at room temperature until use. 
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Processing of Produce Samples 

 

1. From any grocery store, purchase a bunch (usually sold in bunches of 2-3) of 

organic beets, and a bunch of inorganic beets – this will be our “usually eaten 

cooked” vegetable 

2. In the laboratory, use a sterile swab to completely wipe down the exterior of two 

beets (one organic, one not), trying to use beets of similar size and shape. Place 

the swabs in a bag with sterile peptone broth and manually mix by squeezing to 

transfer bacteria from the swab into the broth. 

3. Plate the swabbed samples: 

a. From each sample, plate 100 µL of peptone broth onto Mueller-Hinton 

agar. Repeat twice, for a total of 6 plates (3 organic, 3 non-organic) 

b. Pipet 1.0 mL of peptone broth into a tube of sterile nutrient broth and 

vortex to mix; plate 100 µL of this sample onto Mueller-Hinton agar. 

Repeat twice, for a total of 6 plates (3 organic, 3 non-organic) 

c. Incubate overnight at 37°C 

 

Figures 3 & 4: Initial Microbial Growth on Organic and Non-organic Beet Agar Plates 

Post Incubation 
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Figure 5: Initial Microbial Growth on Organic and Non-organic Romaine Lettuce Agar 

Plates Post Incubation 

 

Figure 6: Initial Microbial Growth on Organic and Non-organic Carrot Agar Plates Post 

Incubation 

 

Collection of Isolates 

1. From the incubated plates, collect 10 isolates from organic, and another 10 

isolates from non-organic using sterile loops. 

2. Place the isolates into sterile nutrient broth and incubate overnight at 37°C 

3. Confirm growth visually (by looking for cloudiness); if present, place 1.0 mL of 

isolate growth into a 1.5 mL centrifuge tube, incubate with glycerol, and archive 

for later regrowth in the -80°C freezer.  
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Figure 7: Organic and Non-organic Carrot Isolates Incubated in Nutrient Broth Tubes. 

The cloudiness of the broth indicates microbial growth. 
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Figure 8: Organic Carrot Isolate in 1.5 mL Centrifuge Tube 

 

PCR and Gel Electrophoresis 

The next step of this process was to use PCR to produce DNA bands that will then be 

sequenced to identify the bacteria. I then ran the samples through gel electrophoresis to 

confirm the presence of PCR products of the expected size. 

PCR Analysis Materials 

16S RNA genes were amplified using the following.  

1. The PCR volume used for each tube was 25 uL. 

2. The forward and reverse primers 27f and 1525r were used.  

27f Sequence: AGA GTT TGA TCM TGG CTC AG 

1525r Sequence: AAG GAG GTG WTC CAR CC 

3. The mixture prepared for each PCR tube was: 1.0 uL of bacterial template; 12.5 

uL of PCR master mix; 1.0 uL forward primer; 1.0 reverse primer; 9.5 uL 

nuclease-free water 
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4. Thermocycler Temperature Program:  94°C for 5 min, followed by 25 cycles of 

94°C for 30 s, 58°C for 30 s, 72°C for 2 min, and a final extension at 72°C for 3 

min.  

 

Figures 9 & 10: Two Gel Electrophoresis Results  

 

The following is the protocol that will be used to carry out Antibiotic Resistance Disc 

Assays. 

 

Supplies: 

 One (1) Mueller-Hinton agar plate per isolate 

 Bacterial isolates, overnight culture 

 One (1) Petri plate per isolate 

 Cell spreaders 

 Sterile troughs (need 3 total) 

 1.5-mL centrifuge tubes, sterile 

 Forceps, sterile 

 Nanopore water for antibiotic dilution 
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 6mm paper antibiotic discs 

 Antibiotics: 

  Cephalexin, 50 mg/mL 

  Amoxicillin, 100 mg/mL 

  Doxycycline, 20 mg/mL 

 

Note: Preparation of Antibiotic Discs MUST be done immediately (less than 2 hours) 

before plating. Antibiotic solutions cannot be kept overnight. 

 

Before starting the preparation of the antibiotics, prepare 3 tubes (15-mL centrifuge 

tubes), each with 5.0 mL of nanopure water. 

 

Preparation of Antibiotic Discs (Cephalexin, target concentration 30 µg mL-1): 

1. Add 990 µL of nanopore water to a sterile 1.5-mL centrifuge tube 

2. Add 10 µL of Cephalexin to the tube – new concentration is 500 µg mL-1. 

3. Add 300 µL of this mixture to the tube containing 5.0 mL of nanopure water; 

vortex to mix well. 

4. Pour this entire solution into a sterile trough. 

5. Into the Cephalexin solution, add two 6mm discs for each isolate that you plan 

to plate. Be certain that the discs are separated so they are able to fully absorb 

the antibiotic. 

 

Preparation of Antibiotic Discs (Amoxicillin, target concentration 25 µg mL-1): 

1. Add 990 µL of nanopore water to a sterile 1.5-mL centrifuge tube 

2. Add 10 µL of Amoxicillin to the tube – new concentration is 1000 µg mL-1. 

3. Add 125 µL of this mixture to the tube containing 5.0 mL of nanopure water; 

vortex to mix well. 

4. Pour this entire solution into a sterile trough. 

5. Into the Amoxicillin solution, add two 6mm discs for each isolate that you plan 

to plate. Be certain that the discs are separated so they are able to fully absorb 

the antibiotic. 



 

22 

 

Preparation of Antibiotic Discs (Doxycycline, target concentration 30 µg mL-1): 

1. Add 990 µL of nanopore water to a sterile 1.5-mL centrifuge tube 

2. Add 10 µL of Doxycycline to the tube – new concentration is 200 µg mL-1. 

3. Add 750 µL of this mixture to the tube containing 5.0 mL of nanopure water; 

vortex to mix well. 

4. Pour this entire solution into a sterile trough. 

5. Into the Doxycycline solution, add two 6mm discs for each isolate that you plan 

to plate. Be certain that the discs are separated so they are able to fully absorb 

the antibiotic. 

 

Plating of Isolates 

 

1. Use a Sharpie to divide a Petri dish into sixths. Make markings on the underside 

(agar side) of the plate. Mark two of the ‘pizza slices’ with a ‘C’, mark two with an 

‘A’, and mark two with a ‘D’. Place the labeled Petri dish onto the paper guide on 

the next page of this protocol, making certain to match the guidelines of the six 

divisions on the plate with the guidelines on the paper. Secure the plate to the 

paper guide very gently with tape (the same paper guide can be used for a bunch 

of plates). 

2. Apply 100 mL of broth culture to the agar plate and spread evenly with metal 

spreader to make a nice lawn.  

3. Use tweezers to remove an antibiotic disc and place gently on top of the bacterial 

lawn on one section of the divided plate. This should be done twice for each of 

the three antibiotics: Cephalexin, Amoxicillin, and Doxycycline, for a total of six 

discs. Be sure to use the paper guide for correct placement of which antibiotic 

disc goes where. 

4. Remove the completed plate from the paper guide. Maintain plates right side up 

for at least 10 minutes, then turn upside down at transfer to 37°C incubator.  

5. Incubate plates overnight. 
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6. Record the zones of inhibition for each of the six antibiotic discs. With a ruler, 

measure the diameter of any zones of inhibition to the nearest mm. 

 

 

 

Conclusions and Further Research 

Because antibiotic resistance is a natural phenomenon and is present in high 

levels in soils, I expect the results of this project to show that resistance levels between 

organically-farmed and non-organically farmed vegetables will be approximately equal. 

If this is in fact the result of this research, this would support the idea that neither 

organic nor non-organic vegetables have a health advantage in terms of antibiotic 

resistance levels. In the event that the organic vegetables have greater antibiotic 

resistance levels than non-organic or vice versa, this would provide supporting evidence 

for one type having a health advantage over the other in regards to resistance. There is 

an increasingly common paradigm surrounding the concept of organic produce being 

healthier than non-organic produce. Given this, if organic vegetables ended up having a 

higher concentration of resistant bacteria, this could potentially shift the public’s 

perspective on whether it is worth it to invest in purchasing organic over non-organic 

produce. Further research using larger sample sizes would be necessary in order to 

reach a more decisive conclusion on average antibiotic resistance levels between the 

two categories of produce. 
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