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ABSTRACT 

Antioxidant Capacity of Heirloom Delaway Kale Grown Across Sustainable Farming Systems 

by Elizabeth Kaoh  

Master of Science in Human Nutrition  

In response to the growth of commercialized farming practices, the Food and Agriculture 

Organization of the United Nations (FAO) has identified safe, efficient, and sustainable 

agriculture as a main priority of its strategic objectives. Several methods of farming that can 

enforce these aims lie in natural farming practices such as biodynamic agriculture and urban 

agriculture methods like aquaponics (AP) and hydroponics (HP). The purpose of this project was 

to analyze antioxidant content of kale grown across different sustainable food systems. This 

research project utilized oxygen radical absorbance capacity (ORAC) methods to analyze the 

total antioxidant capacity (TAC) of kale grown in conventional soil compared to several 

sustainable media; hydroponics, aquaponics, and biodynamic soil. We sought to analyze the 

difference in antioxidant content between conventional soil and soilless systems, AP and HP as 

well as differences between conventional soil and biodynamic soil kale. Biodynamic kale 

contained highest levels of antioxidant activity when compared with conventional soil. AP kale 

contained highest antioxidants when compared to AP and conventional soil systems. Though 

differences were small, research suggests antioxidant activity is boosted in sustainably farmed 

crops, such as biodynamics, secondary to pathogenic pressures that lead to the synthesis of 

antioxidants in the absence of commercial, conventional farming methods. Contrary to literature, 

HP kale produced the least antioxidant activity compared to all the other systems. Additional 

research is warranted to analyze the nutrient density of sustainable food systems compared to 

conventional methods.  
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CHAPTER I 

INTRODUCTION 

Deforestation, mainly caused by conversion of forest land to conventional agricultural 

and livestock farms, has resulted in loss of wildlife habitats, degradation of land, increases in soil 

erosion, and decreases in clean water availability (FAO, 2018). These land-use changes have 

threatened not only the environment, but the communities and indigenous cultures surrounding 

them. With sustainable initiatives on the rise, alternatives methods of food production have 

become a focus for many consumers and businesses (Kronthal-Sacco, Van Holt, Atz, & Whelan, 

2020). In line with awareness on sustainable food production, the general public is becoming 

increasingly conscious of the quality of foods consumed and nutrients for health (Pokorny, 

2007).  

Antioxidants have received large attention over the years and have increasingly gained 

popularity as consumers become aware of the effects of the formation of free radicals harmful to 

health in high amounts (Pokorny, 2007). Studies have suggested a diet rich in fruits and 

vegetables high in bioactive compounds like antioxidants can help prevent oxidation of cells 

which are thought to underlie most chronic diseases (Artero, Artero, Tarín, & Cano 

2015; Fernandes, Pérez-Gregorio, Soares, Mateus & de Freitas, 2017; Heimler, Vignolini, Dini, 

Vincieri, & Romani, 2006). Supplement and food companies have targeted this trend by 

capitalizing on the protective properties of synthetically derived antioxidants and certain foods 

labeled as super foods. These synthetic forms of antioxidants can pose uncertain health harms 

secondary to the limited oversight and regulation in these categories of food and supplements 

(Pokorny, 2007).  
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Natural forms of antioxidants come in a variety of fruits and vegetables, including green 

leafy vegetables. Kale in particular has become known as a nutraceutical or super food 

containing bioactive compounds with antioxidants such as vitamin C, polyphenols, vitamin E, 

and carotenoids (Heimler, Vignolini, Dini, Vincieri, & Romani, 2006). Though there has been an 

increase in consumer interest in nutrients contained in foods and sustainability, few studies have 

analyzed the nutrition composition of foods grown in these types of systems.  

Some methods of sustainable food production which will be discussed, are hydroponics 

(HP) and aquaponics (AP), and biodynamics. HP and AP, which do not require cultivation of 

land, can be utilized for urban settings to produce food locally. HP and AP systems, though they 

require the use of fertilizers and water, are thought to utilize resources efficiently with minimal 

environmental impact and require no soil (Schmautz et al., 2016). With constant innovation in its 

technologies, AP and HP can be prospective methods for sustainable agriculture. Another form 

of sustainable agriculture which will be discussed, lies in biodynamics. Biodynamics stems from 

an environmental regenerative philosophy and is focused on conserving the natural habitat of the 

farm as a viable, independent ecosystem.  

The environmental need and consumer demand for sustainable food production is 

apparent however, studies looking into the nutrient composition of food grown with these 

methods are limited. To date, there are some studies which analyze antioxidant quantities of kale 

grown in systems such as hydroponics, aquaponics, and biodynamics however limited to no 

studies which compare these systems together against conventional soil crops. 

Statement of the Problem 

With increases in environmental pressures and land-change, there is a need for 

sustainable food systems. Newer innovations in sustainable farming methods have become 
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popularized as consumers begin to value the quality of their food versus the quantity, however 

there is a lack of studies investigating the nutrient content of crops grown across these alternative 

farming systems. 

Purpose 
The purpose of this project is to analyze antioxidant capacity of kale grown from 

biodynamic seedlings in conventional soil compared to several sustainable media; hydroponics, 

aquaponics, and biodynamic soil.  

This project aims to inform consumers and other stakeholders on the possible relationship 

of the benefits environmental health can confer to human health, in terms of nutrition. This 

analysis aims to contribute to the discussion on the importance of sustainable agriculture for the 

overall health of our land and communities and to encourage future research to add to the body 

of knowledge and literature on the effects of sustainable farming on nutrient density of produce. 

Research Questions 

 Based on the review of literature in Chapter 2, the following research questions guided 

this project: 

• Are there differences in antioxidant content between kale grown in soilless hydroponic 

and aquaponic systems compared to those grown in conventional soil using biodynamic 

seedlings?  

• Are there differences in antioxidant content of kale grown in biodynamic soil versus 

conventional soil using biodynamic seedlings? 
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The Methodology 

Kale was grown and harvested from the Marilyn Magaram Center (MMC) in 

conventional soil, HP, and AP systems. Biodynamic Kale was grown and harvested at 

Abbondanza farms.  All kale samples were harvested at 14 weeks and tested on the same date.  

We assessed total antioxidant capacity (TAC) of kale grown across the different systems 

through an Oxygen Radical Antioxidant Capacity (ORAC) assay. 

Limitations 

Limitations of the project were the inability to house all 4 systems at one location 

(conventional soil, biodynamic soil, HP, and AP). Additionally, differences in seed sowing dates 

and transplant dates may have affected analysis of antioxidant content between biodynamic and 

the systems planted at the MMC garden. We collected ORAC analysis of kale harvested at 14 

weeks, with no baseline data collected of kale grown at separate stages. Lastly, small sample 

sizes did not for random assignment or full analysis of significance testing.  

Definitions 

1. Conventional farming is referred to as a practice of growing crops in soil with 

inefficient water use through irrigation systems and active use of pesticides, 

herbicides, and chemical fertilizers (Barbosa et al., 2015). Also known as 

industrialized agriculture, it has been associated with negative environmental 

impacts such as large land requirements, soil degradation, soil erosion, and 

pesticide and nutrient runoff (Asami, Barrett, Hong, & Mitchell, 2003; Barbosa et 

al., 2015). 

2. Sustainable farming as a term has been interpreted in many ways. Common 

ground underlying its definitions is that sustainable agriculture includes farming 
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practices which meet current and future needs for not only food but soil 

conservation, clean water, and biodiversity. Sustainable agriculture emphasizes 

production and food systems that improve the quality of life for both farmers and 

the public (Menalled et al., 2008). 

3. Biodynamic farming includes natural preparations, or sprays, made with specific 

herbs and minerals treated and sometimes fermented with organs from animals. 

The agronomic view from a biodynamic perspective approaches the whole farm 

as a living organism. This approach emphasizes soil health while maintaining 

diversity of crops, livestock, and the natural wildlife habitat which surrounds the 

farm (Paull, 2011). 

4. Hydroponic farming refers to soilless cultivation of plants using mineral nutrient 

solutions (Sardare & Admane, 2013). The agronomic view from a biodynamic 

perspective approaches the whole farm as a living organism. This approach 

emphasizes soil health while maintaining diversity of crops, livestock, and the 

natural wildlife habitat which surrounds the farm (Paull, 2011). 

5. Aquaponic farming is an umbrella of hydroponic agriculture which combines fish 

rearing with recirculating aquaculture systems (RAS) and soilless plant 

production (Monsees et al., 2019; Schmautz et al., 2016). 
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CHAPTER II 

REVIEW OF LITERATURE 

The purpose of this project was to analyze antioxidant capacity of heirloom delaway kale 

grown in conventional soil compared to biodynamic soil and two soilless systems: HP and AP. 

This chapter will review the literature on problems associated with conventional food systems, 

the solutions in sustainable agriculture, the types of sustainable agriculture analyzed in this 

study, as well as the extent research on nutrient composition of products from these systems 

compared to one another. The review will provide a summary of the research and how this study 

may contribute to the current knowledge base. 

Problems with Current Food Systems 

Food production is one of the largest contributors of global environmental change by 

taking part in climate shifts, loss of biodiversity, excessive freshwater use, and land system 

change (Willett et al., 2019). Intensification of agriculture refers to the use of commercial and 

conventional agriculture which utilizes high-yield crop cultivars, chemicals in fertilizers and 

pesticides, irrigation, and mechanization of land which has produced concerns regarding the 

negative long-term environmental implications in these practices as well as the community 

health risks associated with it (Asami, Barrett, Hong, & Mitchell; 2003). With this intensification 

of agriculture and increase in planetary awareness, sustainable production has become a priority 

for many consumers and businesses (Kronthal-Sacco, Van Holt, Atz, & Whelan, 2020). 

Environmental initiatives have coined the term sustainable intensification, defined as a process 

or system where agriculture yields are increased without adverse environmental impacts and 

without conversion of additional non-agriculture land (Tilman, Cassman, Matson, Naylor & 

Polasky, 2002).  
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Tegtmeier and Duffy (2004) outlined estimated costs of conventional agriculture 

production. Though dated back to 2004, this analysis has been cited 323 times in peer-reviewed 

articles as recent as 2018. Researchers outlined the external costs of commercial agriculture, 

estimated at up to 16.9 billion dollars. Factors included in this analysis for cost determination 

were damage to water, soil, and air resources, damage to wildlife and ecosystem diversity, and 

damage to human health in food borne pathogens and pesticides. When looking at damage to 

wildlife and diversity, the world’s forest area has decreased from 31.6% to 30.6% between 1990 

to 2015 (FAO, 2018). As stated by the Food and Agriculture Organization of the United Nations 

(FAO) (2018), one of the greatest challenges of our modern time is tackling the problem of 

increasing agriculture production and improving food security without depleting wildlife 

diversity and reducing forest area. 

FAO has identified safe, efficient, and sustainable agriculture as a main priority of its 

strategic objectives. The 2030 strategic objectives identify food and agriculture as the heart of 

the 2030 agenda, streamlined across all of the Sustainable Development Goals (SDGs). 

Integrated principles outlined by the FAO (2015) 2030 agenda are: 

- Increased productivity, employment and value addition in food systems 

- Protect and enhance natural resources 

- Improve livelihoods and foster inclusive economic growth 

- Enhance the resilience of people, communities and ecosystems 

- Adapt governance to new challenges  

Several methods of farming that can enforce these aims lie in natural farming and urban 

agriculture methods like aquaponics (AP) and hydroponics (HP). 
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Types of Sustainable Food Systems 

HP 

HP refers to soilless cultivation of plants using mineral nutrient solutions (Sardare & 

Admane, 2013). Through its controlled environment, HP systems are thought to conserve water 

and energy while allowing for continuous production yearlong (Barbosa a et al., 2015).  

AP 

AP is an umbrella of hydroponic agriculture which combines fish rearing with 

recirculating aquaculture systems (RAS) and soilless plant production (Monsees et al., 2019; 

Schmautz et al., 2016). This integration of aquaculture and hydroponics serves as a model for 

sustainable food production through recycling waste products of one system (fish) to serve as 

nutrients for a second biological system (crops), water being  re-used through filtration and 

recirculation, and by providing communities with access to healthy, local food (Diver & 

Rinehart, 2000). In AP systems fish manure is upcycled to serve as organic fertilizer for plants 

while the plants simultaneously serve as biofiltration towards recirculating water into the 

aquaculture system (Diver & Rinehart, 2000).  

Biodynamics  

Natural farming practices outside of urban agriculture practices are increasingly gaining 

awareness (Carbonaro, Mattera, Nicoli, Bergamo, & Cappelloni, 2002). Natural farming, is 

sometimes confused with organic farming. This type of regenerative farming has some 

similarities in comparison to organic farming with the use of compost and cover cropping in 

addition to banning the use of mineral fertilizers, pesticides, herbicides, hormones and other 

man-made chemicals in cultivation of crops (Tassoni, Tango, & Ferri, 2014). Though natural 
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farming falls under the category of organic farming, it strays away from organic methods by 

including the use of natural preparations for soil health and focusing on the entire farm as an 

ecosystem. The focus of regenerative, natural farming practices, described in their broadest 

sense, is to build healthy, biologically active ecosystems. This regenerative philosophy is most 

associated with soil health and soil-based farming. According to the Ellen MacArthur 

Foundation (2019) the regenerative farming mindset promotes soil life to foster long-term food 

production. It focuses on fostering biodiversity of the environment and soil health as opposed to 

conventional farming practices which depletes soil of its nutrients. 

One popularized method of natural farming, called biodynamic farming, utilizes this 

regenerative philosophy. Biodynamics includes natural preparations, or sprays, made with 

specific herbs and minerals treated and sometimes fermented with organs from animals. The 

agronomic view from a biodynamic perspective approaches the whole farm as a living organism. 

This approach emphasizes soil health while maintaining diversity of crops, livestock, and the 

natural wildlife habitat which surrounds the farm (Paull, 2011). 

Sustainable Food Systems and Nutrition 

Hydroponic Crops and Antioxidants  

Selma and colleagues (2012) compared three lettuce genotypes (lollo rosso, red oak leaf, 

and butterhead) in soilless, hydroponic systems to those cultivated in soil grown in the same 

period and location. Seedlings were produced and transplanted after 30 days from sowing. They 

assessed the antioxidant content of lettuce harvested at 63 days after transplant for soilless 

systems and 102 days from transplant for the soil systems to allow plants to reach the minimum 

weight required for testing. Phenolic compounds and vitamin C were measured using high 

performance liquid chromatography (HPLC) analysis. Results showed no differences in total 
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phenolic compounds between soil and hydroponic red oak leaf and butterhead lettuce varieties, 

however lollo rosso cultivated in the hydroponic system had significantly higher content of total 

phenolics at 355 mg per 100 mg compared to 310 mg per 100 mg in soil crops. The lollo rosso 

HP lettuce also held significantly higher vitamin C content than those grown in soil.  

 Similarly, in a study aiming to analyze antioxidants and nutraceuticals in basil grown in 

HP systems versus in soil, Sgherri, Cecconami, Pinzino, Navari-Izzo, and Izzo (2010) utilized 

spectrophotometric detection along with electron paramagnetic resonance (EPR) detection to 

measure antioxidants. Researchers observed a 14% decrease in antioxidants for 35-day soil basil 

compared to 35-day hydroponic basil. Additionally, vitamin C content, measured in the reduced 

form of ascorbic acid, had 50% less when grown in soil compared to hydroponics.   

Across these two studies, crops farmed in soilless HP systems held higher amounts of 

nutrients in terms of antioxidants and vitamin C content than those grown in conventional soil.  

Aquaponic Crops and Antioxidants  

Schmautz and colleagues (2016) analyzed the nutrient quality and total antioxidant 

capacity utilizing ORAC assay between AP and conventional tomatoes. They found mineral 

content (nitrogen, phosphorous, potassium, calcium, magnesium, zinc, and iron) to be similar 

across AP and commercial types, however, commercially produced tomatoes held lower 

antioxidant ORAC content than AP tomato plants. 

In an attempt to compare HP to AP systems, Guzel, Odun, Cakmakci, Cackmackci, and  

Sahin (2018) analyzed the nutrient contents (calcium, magnesium, sodium, potassium, 

phosphorous, barium, cadmium, chromium, copper, iron, manganese, nickel, lead, and zinc) and 

antioxidant enzyme activity (catalase, ascorbate peroxidase, malondialdehyde, superoxide 

dismutase) of cucumber cultivated across HP and AP systems. Their analysis found no 
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statistically significant difference between nutrients calcium, sodium, and phosphorous as well as 

all antioxidant enzyme activities analyzed between both systems. Macronutrient levels in HP 

cucumber were significantly higher in potassium while aquaponics had significantly higher 

levels of magnesium. Additionally, AP cucumber endorsed higher levels of cadmium, chromium 

iron, nickel, lead, and zinc while HP had higher levels of barium, copper, and manganese.  

Contrary to Guzel, Odun, Cakmakci, Cackmackci, and  Sahin (2018), a previous analysis 

from the Marilyn Magaram Center (MMC) looked at the antioxidant content of kale grown in 

HP, AP, and conventional soil. Utilizing the ORAC activity assay, they measured antioxidant 

from seedlings, at 2-month maturation, and 3-month maturation stages. Results from these 

findings indicated kale across the HP and AP systems held the highest antioxidants as seedlings, 

with HP kale (755.56 µMTE/mL) at 52% higher than AP kale (497.6361 µMTE/mL) and 109% 

greater than conventional soil (360.31 µMTE/mL) at seedlings. At 2-month maturation, HP 

(401.61 µMTE/mL) and AP kale (381.4 µMTE/mL) dropped in antioxidant capacity with HP 

kale at 5.3% higher antioxidant concentrations than AP kale. Conventional kale at 2-month 

(392.88 µMTE/mL) increased from seedling baseline and was 3% higher than AP kale. At 3-

month maturation, AP kale (335.66 µMTE/mL) had highest levels and was 28% greater than HP 

kale (261.91 µMTE/mL) and 24% higher than conventional soil (269.84 µMTE/mL). The results 

indicated AP kale preserved the highest number of antioxidants over 3-month maturation time 

compared to the other systems, followed by conventional soil and HP kale respectively. Both HP 

and AP kale were higher than conventional soil only at the 2-month maturation, with HP kale 

more than AP kale. The findings also suggested antioxidant capacity dropped over time for both 

AP and HP systems at 2-month and 3-month maturation, from seedlings, however was increased 

for conventional soil at 2-month maturation (Marilyn Magaram Center, 2019).  
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The observations by various researchers of HP and AP production and nutrient density all 

suggest enhancement of bioactive compounds, antioxidants, under these systems when compared 

to conventional soil, however previous analysis (Marilyn Magaram Center, 2019) possibly 

indicates a time-frame for when maturation of kale in HP and AP systems are the most 

productive in enhancing antioxidant activity when compared to conventional soil.  

Biodynamic Crops and Antioxidants  

In the small pool of studies conducted thus far, it is believed farming method can impact 

nutrient activity of products wherein organic and biodynamic farmed fruits and vegetables hold 

higher anti-oxidative properties than those conventionally farmed (Asami, Hong, Barrett, 

Mitchell, & 2003; Carbonaro, Mattera, Nicoli, Bergamo, & Cappelloni, 2002; Heimler, 

Vignolini, Arfaioli, Isolani & Romani 2012; Mitchell et al., 2007; Olsson, Andersson, Oredsson, 

Berglund & Gustavsson, 2006). Though some research has supported the notion organic 

and biodynamic products hold higher biogenic activity, other research on biodynamic grapes and 

wine has suggested minimal to no significant differences between phenolic compounds found in 

those biodynamic farmed compared to conventionally farmed (Reeve, Carpenter-Boggs, 

Reganold, York, McGourty & McCloskey, 2005; Tassoni, Tango & Ferri 2014).  

Studies comparing nutrient quality of natural, sustainable farming methods versus 

conventional farming have suggested an increase in nutrient density. One such study, by 

Heimler, Vignolini, Arfaioli, Isolani, and Romani (2012) aimed to compare the antioxidant 

content of lettuce grown across three agricultural methods; intensive conventional, organic, and 

biodynamic. Researchers wanted to ascertain the impact of biodynamic preparations on 

variations in crop yields and antioxidant contents of lettuce in comparison to lettuce grown 
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through organic and through conventional practices. Lettuce was harvested at 53 days from 

seedling transplantation. They measured antioxidant activity with spectrophotometric analysis of 

total phenolic and total anthocyanin content. Results found harvest yielding head weights of 

conventionally grown lettuce at the highest followed by organic and biodynamic, which 

produced similar yields. Though conventional methods produced the highest yield, both 

anthocyan and polyphenol content were significantly lower under conventional farming than 

those under biodynamic farming. Biodynamic lettuce had 36% more polyphenols than those 

conventionally grown. Organic and biodynamic lettuce produced similar polyphenol and 

anthocyan content, at 4.00g m-2 and 4.38g m-2 respectively, with biodynamic produce having 

non-significantly higher antioxidant quantities.  

Results from the study above mimicked results of a previous investigation by Asami, 

Hong, Barrett, and Mitchell (2003) where antioxidant activity of produce was measured through 

analysis of total phenolic and ascorbic acid concentrations. Researchers measured marionberries, 

strawberries, and corn grown by conventional, certified organic, and sustainable agricultural 

practices. Sustainably grown produce overall contained significantly more ascorbic acid than 

conventional. With strawberries containing 20.3% and corn 66.7% more ascorbic acid than those 

conventionally grown. Sustainable marionberries contained the only detectable amounts of 

ascorbic acid compared to organic and conventional. Similarly, all sustainable produce had 

significantly more total phenolic levels than those conventionally grown. Corn produced 58.5%, 

strawberries with 19.1%, and marionberries at 65.4% higher total phenolic content than those 

grown conventionally.  

As organic farming is often looked as a steppingstone to biodynamic farming, in terms of 

sustainability, looking at the effects of organic farming on produce Mitchell and colleagues 
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(2007) analyzed dried tomato samples grown organically and conventionally over a ten-year 

period. Antioxidant activity was reported through measurement of flavonoids, quercetin and 

kaempferol wherein levels in organic tomatoes were at 79% and 97%, respectively, more than 

conventional tomatoes. The content of flavonoids also increased over time in organic samples 

than conventional samples. Olsson, Andersson, Oredsson, Berglund, and Gustavsson (2006) also 

found higher antioxidant levels in extracts of organically farmed strawberries compared to 

conventional strawberries when measuring for the ratio of ascorbate to dehydroascorbate. 

Additionally, they measured the effects of these extracts on in vitro colon cancer and breast 

cancer cell proliferation. Not only did organically grown strawberries hold significantly higher 

antioxidant activity, they found these extracts had a higher antiproliferative activity for both 

cancer cell types than conventionally grown strawberries. 

These three studies suggest biodynamically farmed, and even those less sustainably 

farmed such as organic produce, contained higher antioxidant and nutrient density against those 

conventionally farmed.  

Summary of Literature Review 

There is limited research on the nutraceutical capacities of sustainable fruits and 

vegetables, let alone research comparing these to conventionally grown crops (Asami, Hong, 

Barrett, Mitchell, & 2003; Carbonaro, Mattera, Nicoli, Bergamo, & Cappelloni, 2002; Heimler, 

Vignolini, Arfaioli, Isolani & Romani 2012; Mitchell et al., 2007; Olsson, Andersson, Oredsson, 

Berglund & Gustavsson, 2006). There exists some research regarding the nutrient qualities of HP 

and AP production individually however few studies have compared the impact on nutrition 

quality between both these two soilless farming methods (Guzel, Odun, Cakmakci, Cackmackci, 

&  Sahin, 2018; Marilyn Magaram Center, 2019;  Schmautz et al., 2016; Selma et al., 2012; 
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Sgherri, Cecconami, Pinzino, Navari-Izzo, & Izzo; 2010) let alone compared to biodynamic 

farmed systems. 

Many studies summarized in this chapter show that produce farmed alternatively with 

sustainable methods (HP, AP, and biodynamics) produce products with higher nutrition value 

than those farmed conventionally, however there exists a gap in research which compares the 

antioxidant capacity of products across all these systems compared to conventional soil. The 

Marilyn Magaram Center (2019) provided initial research looking at the antioxidant content of 

kale grown across HP, AP, and conventional soil systems, however this project aims include the 

analysis of biodynamic seeds grown across these three systems in addition to grown through 

biodynamic soil.  

The purpose of this research project is to add to the knowledge of what sustainable 

farming methods can confer to human health in the form of antioxidant capacity and nutrition 

when compared against conventionally farmed produce.  
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CHAPTER III 

METHODOLODY  

 This chapter articulates the methods used to address the research questions. This chapter 

will describe the research design, research setting, research sample and data sources, instruments 

and procedures, data collection, and analyses procedures.  

 
Instruments and Procedures 

Setting 

 The ORAC Activity Assay analysis took place in the Food Chemistry lab. Conventional 

soil, HP, and AP system kale were grown in the Marilyn Magaram Center (MMC) Wellness 

Garden. Biodynamic kale was grown at biodynamic farm, Abbondanza Farms.  

 

Figure 1 (Left). MMC Wellness Garden Systems (HP, AP, conventional soil). 
Figure 2 (Right). Abbondanza Farms, biodynamic farm where biodynamic kale was produced. 
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Chemical Standards and Reagents 

The VICTOR Nivo Multimode Microplate Reader was used for the ORAC assay. 

Chemical reagents were purchased through Cell Biolabs, Inc. Fluorescein probe, free radical 

initiator, antioxidant standard (Trolox), and assay diluent were utilized in the ORAC analysis.  

 

Figure 3. VICTOR Nivo Multimode Microplate Reader with microplate prior to analysis 

Planting Procedures 

An email was sent to Demeter Biodynamic Association on interest of California 

biodynamic farms to participate in the study. Due to the lack of infrastructure and resources to 

run a biodynamic farm at the Marilyn Magaram Center, we partnered with Abbondanza farms in 

Sacramento, California for testing of their biodynamic kale. Heirloom delaway kale was 
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purchased through Turtle Tree Seed online, a biodynamic seed producer. This variety of kale was 

utilized at both the MMC garden in hydroponic, aquaponic, and soil systems as well as 

Abbondanza farms in their biodynamic farm. Seeds used in the HP, AP, and conventional soil 

systems were planted and transplanted in the MMC separately from the biodynamic seeds, which 

were seeded and transplanted at Abbondanza farms.  

In order to control for variables as best as possible we attempted to synchronize the 

schedule when seeds were planted, seedlings transplanted, and mature kale harvested and tested 

to control for climate and seasonal differences (see Table 1).  A limitation of this study, which 

will be discussed in more detail at the end of this paper, were variation in dates of seeds planted 

and seedling transplantations due to the inability of Abbondanza farms to synchronize with the 

planting schedule assigned.  

 
Table 1 

 
Treatment and Application Dates for Farming Systems 
  

Conventional 
Soil 

Biodynamic Soil Hydroponics Aquaponics  

13 August  
2019 

Planted seeds  Planted seeds Planted seeds 

18 August  
2019 

 Planted seeds   

6 September 
2019 

 
Seedlings 
transplanted  

  

9 September 
2019 

Seedlings 
transplanted  

 
Seedlings 
transplanted  

Seedlings 
transplanted  

18 November  
2019 

Harvest Harvest Harvest Harvest 

19 November 
2019 

Testing Testing  Testing  Testing  
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Research Samples 

The planting of seeds, transplanting of seedlings, and harvest dates were arranged with 

the biodynamic farm and their recommended growing schedule. Our first attempt at sowing 

seeds did not produce any sprouting, thereby the second attempt was made on August 13th, 2019, 

which produced seedlings. All kale was harvested 14 weeks (98 days) out from sowing, similar 

to guidelines recommended by the biodynamic farm and in line with literature that suggests kale 

harvested at 14 weeks maturity has increasing levels of antioxidants compared to 10 weeks 

(Korus, 2011). MMC garden kale in HP, AP, and conventional soil were tested at 71 days, or 10 

weeks and 1 day, old from the seedling transplantation date. Biodynamic kale was tested at 74 

days, or 10 weeks and 4 days, old from seedling transplantation date. 

Three kale plants from each system (conventional, AP, HP) were harvested and weighed 

at the Marilyn Magaram Center. The biodynamic farm was not able to provide enough samples 

from three kale plants alone, due to limited production and crop damage, therefore they provided 

samples from all of their plants (21 kale plants total). We collected the plants from each system 

and refrigerated overnight. The next day we weighed out 3 grams of samples from HP, AP, 

conventional soil, and biodynamic kale collected for the wet lab experiment. Conventional soil, 

hydroponic, and aquaponic samples were collected from the MMC’s garden and stored in a 

refrigerator overnight until testing the next day. Biodynamic samples from the biodynamic farm 

were overnighted to the MMC, packed with ice packs to maintain temperature throughout the 

shipment. All samples were tested on the same date.  

Analysis Procedures 

Total Antioxidant Capacity  
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Total antioxidant capacity (TAC) of produce was measured utilizing the Oxygen Radical 

Antioxidant Capacity (ORAC) Activity Assay, developed by Cutler and Cao in 1994. 

Antioxidant capacity is the ability of a compound to reduce pro-oxidants (Bank & Schauss, 

2004). ORAC is a tool measuring the antioxidant capacity of molecules from samples. It is based 

on the oxidation of a fluorescent probe by a form of reactive oxygen species (ROS) found in the 

body, called peroxyl radicals. It measures the ability of the molecule to prevent loss of 

fluorescent signal by neutralizing the ROS, the peroxyl radicals (Dasgupta & Klein, 2014). In 

other words, it measures this activity of antioxidants in nutrients against ROS. In the ORAC 

activity assay, a sample with high amounts of antioxidant compounds will not see a large 

decrease in the fluorescent signal as opposed to a sample with poor antioxidant capacity which 

will decay the fluorescent signal fast (Dasgupta & Klein, 2014). ORAC Activity Assay is a kit 

for the direct measurement of ORAC antioxidant capacity of a range of samples from food 

extracts to tissue homogenates (Cell Biolabs, n.d.). It is challenging to measure the antioxidants 

capacity in different components of food material, such as fruits and vegetables (Dasgupta & 

Klein, 2014), therefore the total antioxidant capacity is measured in Trolox equivalents (TE). 

Trolex, is a vitamin E analog and measurement of antioxidant strength (Bank & Schauss, 2004). 

Though the ORAC assay does not measure the antioxidant activity against other types of free 

radicals, it is known to be a valid and meaningful tool to represent antioxidant capacity (Bank & 

Schauss, 2004). 

Preparation of Kale Samples 

10mL of deionized water was added to 3.0 g of kale samples collected from each system 

to be homogenized by mortar and pestle for 60 seconds. These samples were vortexed and 

filtered to take out fibers and extract supernatant available for pipetting into the Microtiter plate 
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(see Table A1). Kale samples were analyzed alongside a blank which was composed of 

deionized water at pH 7 and Trolox antioxidant standards (see Appendix A). 

Preparation of Antioxidant Standard 

The antioxidant standard was created using Trolox. To create Trolox for use of the 

antioxidant standard, we added 10 µl of Antioxidant Standard stock to 240 µl of Assay Diluent. 

Thereafter, standards 1-8 were created. Trolox antioxidant standards ranged in concentration 

from 50 µM (standard 1) to 0 µM (standard 8) where the corresponding Net AUC in µMTE/mL 

was analyzed to compare kale samples to. Trolox of 50 µM (standard 1) corresponds to the 

highest concentration of antioxidant capacity compared to a Trolox of 0 µM (standard 8 = blank) 

with zero antioxidant holding capacity. Trolox of 0 µM (standard 8) was composed mainly of 

assay diluent, a concentrated phosphate buffered saline solution (Cell Biolabs, n.d.), and 

deionized water (see Appendix C). 

Antioxidant standards and samples were added to a 96-well Microtiter Plate along with 

150µL of 1X Fluorescein Solution. The plate was mixed through the Microplate protocol and 

immediately after, an addition of 25 µL of Free Radical Initiator Solution was added into each 

well, except the blank, for a total volume of 200 µL in each well (see Appendix D). According to 

the ORAC protocol, assays were performed at 37°C with an excitation wavelength of 480nm and 

an emission wavelength of 520nm.  

Values for each standard (1-8) and each kale system sample (HP, AP, conventional soil, 

biodynamic soil) were read. The first reading occurred at 0-minute, second reading at 1-minute, 

then the remainder of the readings occurred at 5-minute increments for a total of 60 minutes, to 

obtain 14 measurements. Both top and bottom readings were taken for each measure of standards 

and samples (see Appendix D). As standards and samples were measured twice, we took the 
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means between the two readings for each measure. Readings were automatically populated, 

recorded, and uploaded to an excel sheet (see Appendix I for raw data). Calculated data were 

expressed as values in ORAC values of Net AUC (µMTE/mL). High ORAC values indicate 

increased performance against free radicals and reduction in ROS due to high antioxidant content 

(Dasgupta & Klein, 2014).  
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CHAPTER IV 

RESULTS  

This chapter will be organized by a brief review of the methods followed by the results of 

the project organized by the research questions discussed prior. We will discuss results from the 

antioxidant standard which was used to analyze the results for each research question.  

Calculation of Results 

AUC is used to quantify the total peroxyl radical antioxidant activity in a sample and is 

compared to the antioxidant standard curve Trolox (Cell Biolabs, n.d.). We calculated the area 

under the curve (AUC) for each sample and standard using the populated assay values and a 

linear regression formula which produced AUC values. Taking the AUC values from each 

standard and sample, we subtracted the blank from this value to obtain Net AUC (Appendix E). 

Results were expressed in µMTE per 1 mL based on the original, liquid sample and calculated 

for conversion to dry weight. High ORAC values in Net AUC (µMTE/mL) indicate increased 

performance against free radicals and reduction in ROS due to high antioxidant content 

(Dasgupta & Klein, 2014).  

Trolox Standard Curve 

Results were expressed in µMTE per 1 mL (see Table 2).  The Trolox standard curve was 

used to interpret the antioxidant capacity of various samples (see Appendix E). The resulting 

equations were used to calculate the Trolox concentration for kale sample Net AUC values to use 

in the linear regression formula (see Appendix F), utilizing data from the top readings.  

Linear Regression Formula:  

y = 0.0445x - 0.0679 

 

Calculation for Values used in Linear Regression Formula 
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Area Under the Curve (AUC) Equation:  

AUC  = 1+ RFU1/RFU0 + RFU5/RFU0 + ...+ RFU60/RFU0 

RFU0: relative fluorescence value of time point zero 

RFU1: relative fluorescence value at minute 1 

RFU5: relative fluorescence value at minute 5 

RFU60: relative fluorescence value at minute 60 

Net AUC Equation:  

Net AUC = AUC (Antioxidant) – AUC (blank) 

 
Table 2 

 
ORAC Standard 
 

 Trolox (µM) Net AUC (µMTE/mL) 
Standard 1 50 2.030184666 
Standard 2 40 2.882569961 
Standard 3 30 1.576750215 
Standard 4 20 0.702806679 
Standard 5 10 -0.180792635 
Standard 6 5 0.128961401 
Standard 7 2.5 -0.057303163 
Standard 8 

(blank) 0 0 

 

 Table 3 

Trolox Standard Curve to Trolox Standards and Samples 
 

Samples [Antioxidant] (µMTE/mL) 
Using y=0.0445x–0.0679 

SPL1: (CS) 200.1282 
SPL2: (HP) 190.7087 
SPL3: (AP) 200.5301 
SPL4: (BS) 205.8278 
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Research Question 1 

Are there differences in antioxidant content between kale grown in soilless hydroponic 

and aquaponic systems compared to those grown in conventional soil using biodynamic 

seedlings?  

In the original, liquid solution used for the ORAC assay, AP kale held TE concentrations 

at 200.53 µMTE/mL compared to HP kale at 190.71 µMTE/mL. Results between the soilless 

systems, AP and HP, showed AP grown kale held higher antioxidant concentrations than HP kale 

by 9.82 µMTE/mL (5.15%). Conventional soil produced 200.13 µMTE/mL which was 9.42 

µMTE/mL (4.94%) higher than HP kale and 0.40 µMTE/mL (2%) lower than AP kale 

antioxidant concentration (see Table 4, Appendix G).  

We converted the results in liquid solution samples to dry weight. AP kale (668.43 

µMTE/g) produced 32.74 µMTE/g (5.15% ) more than HP kale (635.6957). Conventional kale 

(667.09 µMTE/g) was higher than HP kale by 31.40 µMTE/g (4.94%) and lower than AP kale 

by 1.34 µMTE/g (2%) (see Table 5, Appendix G). 

Table 4 
 
Total Antioxidant Content in Conventional, HP, and AP Samples (Original, Liquid Solution) 

 
Samples [Antioxidant] (µMTE/mL) 

Using y=0.0445x–0.0679 
SPL1: (CS) 200.1282 
SPL2: (HP) 190.7087 
SPL3: (AP) 200.5301 

 
 
 
 
 
 
 
Table 5 
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Total Antioxidant Content in Conventional, HP, and AP Samples (Dry Weight) 
  

Samples [Antioxidant] (µMTE/g) 
SPL1: (CS) 667.094 
SPL2: (HP) 635.6957 
SPL3: (AP) 668.4337 

  
Using uMTE/g=[CxV]/M 

C: Concentration in uMTE/ml of sample 
V: volume used for sample extraction 
M: mass of sample used for extraction 

 

Research Question 2 

Are there differences in antioxidant content of kale grown in biodynamic soil versus 

conventional soil using biodynamic seedlings? 

Biodynamic soil kale produced TE antioxidant concentrations at 205.83 µMTE/mL. 

When compared to conventional soil (200.13 µMTE/mL), this accounted for a 5.70 µMTE/mL 

difference. Biodynamic kale held 2.85% higher antioxidant concentrations than conventional soil 

kale (see table 5, Appendix H). When converted to dry weight, biodynamic soil kale (686.09 

µMTE/g) had 18.99 µMTE/g (2.85%) higher concentrations than conventional soil kale (200.13 

µMTE/g) (see table 6, Appendix H). 

 
Table 6 

 
Total Antioxidant Content in Conventional and Biodynamic Samples (Original, Liquid Solution) 

 
Samples [Antioxidant] (µMTE/mL) 

Using y=0.0445x–0.0679 
SPL1: (CS) 200.1282 
SPL4: (BS) 205.8278 

 
 
 
 
Table 7 
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Total Antioxidant Content in Conventional Soil and Biodynamic Samples (Dry Weight) 
 

Samples [Antioxidant] (µMTE/g) 
SPL1: (CS) 667.094 
SPL4: (BS) 686.0927 

Using uMTE/g=[CxV]/M 
C: Concentration in uMTE/ml of sample 

V: volume used for sample extraction 
M: mass of sample used for extraction 

 
 Summary of these findings suggest in the soil systems, biodynamic kale produced larger 

antioxidant concentrations than conventional soil. When comparing HP and AP systems to 

conventional soil, AP kale held the highest followed by conventional soil and HP kale with the 

lowest concentrations.  

 

Figure 4. Planting biodynamic seeds from Turtle Tree Seeds 
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Figure 5 (Left). HP system with kale seedlings at the MMC.  
Figure 6 (Right). HP system kale leaves at 14 weeks maturation from seeds.  
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Figure 7 (Left). AP system with kale seedlings at the MMC.  
Figure 8 (Right). AP system kale leaves at 14 weeks maturation from seeds. 
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Figure 9 (Left). Conventional soil system with kale seedlings at the MMC.  
Figure 10 (Right). Conventional soil system kale leaves at 14 weeks maturation from seeds.   
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Figure 11. Biodynamic kale bed at Abbondanza farms, at 13 weeks maturation from seeds. 
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Figure 12 (Left). Preparation to homogenize 3-gram samples per system.  
Figure 13 (Right). Extracted supernatant from each sample, for use in ORAC Activity Assay. 
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CHAPTER V 

 DISCUSSION 

Summary of Project Findings 

This research project is preliminary, taken from a sample from three plants in each of the 

systems. Total antioxidant capacity (TAC) was measured utilizing the ORAC assay of heirloom 

delaway kale grown from conventional soil, hydroponic, aquaponic, and biodynamic methods.  

At 71 days harvest from transplantation dates, AP kale produced 5.15% greater 

antioxidants than the HP and conventional soil system kale. These findings are similar to 

analysis which compared crops from AP systems to conventional soil systems (Marilyn 

Magaram Center, 2019; Schmautz et al., 2016). AP kale producing the highest levels of ORAC 

activity is similar to results from Schmautz and colleauges (2016) which suggested AP 

production seems to be less stressful for plants and to produce higher-quality fruit than those 

conventionally grown. 

Conventional soil kale produced the second highest amount of TE antioxidant activity at 

4.94% greater than HP kale which contradicts findings from the literatures indicating HP and AP 

systems can hold higher antioxidants than conventional soil kale (Marilyn Magaram Center, 

2019; Schmautz et al., 2016; Selma et al., 2012; Sgherri, Cecconami, Pinzino, Navari-Izzo, & 

Izzo; 2010).  

Results from this analysis of HP kale producing the least TE values compared to AP and 

conventional systems are contradictory to research (Selma et al., 2012; Sgherri, Cecconami, 

Pinzino, Navari-Izzo, & Izzo; 2010) which implies hydroponic cultivation optimizes growth 

conditions, reducing the possibility of plants undergoing oxidative stress following 

environmental changes (Sgherri, Cecconami, Pinzino, Navari-Izzo, & Izzo, 2010). Aires (2018) 
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describes tight control over the cultivation in HP, from composition of nutrients and 

environmental controls over temperature, are likely common reasons for enhancement of 

nutrients in final crops. It is suggested the higher levels of nutrients formed in HP systems may 

be attributed to the water recirculation systems which may offer ideal conditions for the 

formation of secondary metabolites, boosting bioactive compounds in plants (Aires, 2018).  To 

note, it was possible the HP systems did not have adequate controls over the system to 

productively boost these secondary metabolite formations of antioxidants in the system at the 

MMC garden.   

At 74 days harvest from transplantation for biodynamic soil kale and 71 days harvest for 

conventional soil kale, biodynamic soil kale contained higher levels of TE antioxidant activity 

(2.85%) as compared to conventional soil kale. Though these comparisons were not large, 

findings from this project is in line with research which suggests antioxidant activity is boosted 

in naturally farmed crops, such as biodynamics, secondary to pathogenic pressures that lead to 

the synthesis of antioxidants in the absence of commercial, conventional farming methods 

(Asami, Hong, Barrett, Mitchell, & 2003). 

Limitations and Assumptions 

Major limitations of this project which likely had an impact on results should be 

mentioned. This utilized a small sample size of collecting from 3 plants from each HP, AP, and 

conventional soil system. The different location between the biodynamic kale and the rest of the 

systems should also be considered. The quality of the biodynamic kale by the biodynamic farm 

was not ideal according to the farmer’s report and the farm had experienced severe damage to 

their kale by birds and a high wind season, therefore they were not able to provide mature kale 

leaves but only the remnants of what was left behind. Another drawback from separate settings 
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was the inability to synchronize the exact dates for seed planting and seedling transplantation 

between the biodynamic soil kale and MMC kale (HP, AP, and conventional soil).  

It was an assumption the wet lab experiment was carried out correctly, however may 

have been likelihood of human error attributed to running wet lab experiments for the 

preparation of samples, antioxidant standard, and assay protocol. These errors likely resulted 

from the outliers from the antioxidant standard which were omitted.  

Implication for Practice or Policy 

The findings from this research project suggest several implications for practice and 

policy. At the time of this writing, the world is battling a new modern pandemic, COVID-19, 

which has exposed faults in our relationship with land, natural resources, and wildlife (Gilchrist, 

2020). Scientists have explored the roots of this virus to have crossed from bats to pangolins to 

humans (Wolfe, Daszak, Kilpatrick, & Burke; 2005). Like other emerging diseases which are on 

the rise, lasting solutions will come from pinpointing the processes that start them and not just 

the disease in and of itself. Infectious diseases are on the rise and scientists have noted most 

emerging diseases are a result of zoonotic pathogens, transmitted between animals and humans, 

making up approximately 75% of emerging diseases (Wolfe, Daszak, Kilpatrick, & Burke; 

2005).  

It is suspect one large player in the emergence of zoonotic disease is the anthropogenic 

pressures on wildlife, such as hunting and deforestation. Remaining forests account for 

approximately 30% of the world’s land mass however, deforestation for commercial farming and 

agriculture continues to contribute to rising losses of natural habitats (Malhi, Roberts, Betts, 

Killeen, Li, & Nobre; 2008). As environmental pressures on natural habitats increases due to 

increased commercialization of agriculture, we present ourselves closer to wildlife in remote 
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areas at the same time bringing wild animals into new urban environments. As Morens, Desak, 

and Taubenberger (2020) recently wrote, “in our crowded world of 7.8 billion people, a 

combination of altered human behaviors, environmental changes, and inadequate global public 

health mechanisms now easily turn obscure animal viruses into existential human threats” (p. 

1293).   

In light of these recent events, sustainable intensification has never been more imperative 

than now (FAO, 2015; Tilman, Cassman, Matson, Naylor & Polasky, 2002). We need to adapt 

sustainable farming practices to lessen the environmental burden we place in nature and to secure 

the health of our future generations to come. Conventional farming holds deleterious impacts on 

our environment and within our communities (Tegtmeier & Duffy; 2004). Literature has 

indicated farmers are reluctant to implement sustainable farming methods due to lack of 

government support programs and funding (Rodriguez, Molnar, Fazio, Sydnor, & Lowe; 2009).  

As research has indicated the boosted nutrient density of sustainably farmed crops, 

(Asami, Hong, Barrett, Mitchell, & 2003; Carbonaro, Mattera, Nicoli, Bergamo, & Cappelloni, 

2002; Heimler, Vignolini, Arfaioli, Isolani & Romani 2012; Mitchell et al., 2007; Olsson, 

Andersson, Oredsson, Berglund & Gustavsson, 2006) more research needs to be done testing the 

nutrient density of these alternative forms of agriculture to promote these practices as primary 

food sources in our food system.  

Recommendations for Future Research  

This research suggests biodynamic soil farming and soilless AP farming can boost 

antioxidant activity in kale. Future studies should aim to implement a natural farmed/biodynamic 

garden in the same setting as HP, AP, and conventional soil crops to help control for variations 

in farming schedules and climate/environmental pressures. Future research can follow up on the 
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effects of these types of sustainable farming on nutrient density in different varieties of 

vegetables, particularly of growing corn and wheat through sustainable farming methods, as 

these are two of the primary crops produced worldwide (Lobell & Gourdji, 2012). Additional 

research should integrate baseline data in these systems and analyze antioxidant and/or vitamin 

and mineral density across different stages of maturation to determine maximum productivity of 

nutrient density in these systems. Research should include analysis from at least 10 plants in each 

system for random assignments to conduct a full statistical analysis. Economic impacts would be 

beneficial in addition to growth rates and sensory analysis.   

Conclusions 

This study compared the antioxidant capacity of kale grown across sustainable food 

systems to those conventionally farmed.  Results from this research suggest sustainable farmed 

crops like those biodynamically grown and in soilless AP systems, can hold higher nutrition 

value than those in conventional systems due to pathogenic pressures in biodynamic soil and 

recirculating water systems in AP that lead to the synthesis of antioxidants in the absence of 

commercial, conventional farming methods (Asami, Hong, Barrett, Mitchell, & 2003). As 

consumers start to value sustainably produced products and become more aware of quality of 

food items vs quantity (Kronthal-Sacco, Van Holt, Atz, & Whelan, 2020), research into nutrient 

density of sustainable crops can hold promising advantages for the market value and demand of 

sustainable agriculture.  
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Appendix A 

 
Microplate Reader Protocol for Oxiselect ORAC Activity Assay 

 
Materials and Supplies 

 
Ice Bucket with ice 

Mortar and Pestle (one per sample) 

96-well Microtiter Plate 

Fluorescein Probe 

Free Radical Initiator 

Antioxidant Standard (Trolox) 

Assay Diluent 

3.0 grams nutrition samples 

1X PBS  

DI water 

50% Acetone 

37 °C incubator 

Bottles, flasks, and conical or microtubes necessary for reagent preparation 

10uL to 1000uL adjustable single channel micropipettes with disposable tips 

50uL to 300uL adjustable multichannel micropipette with disposable tips 

Multichannel micropipette reservoir 

Fluorescence microplate reader equipped with a 480 nm excitation filter and 520 nm emission 

filter 
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Storage 

Flourescent Probe and Antioxidant Standard (Trolox) keep frozen at -20oC. Store all remaining 

components at 4oC.  

Directions 

1. Collect hydroponic, aquaponic, and conventional soil samples from MMC Wellness 

Garden. 

2. Prepare bucket of ice for samples. 

3. Preparation of Samples: 

a. 10mL DI water + 3.0 g nutrition sample (lettuce, kale, chard, etc.) homogenize 

mortar and pestle for 60 seconds dry, add DI water and continue for additional 60 

seconds. 

i. Strain with Whatman paper or cheese cloth 

ii. Filter 2 mL homogenized mixture to test tube, label accordingly.  

iii. Cover with film and vortex 10 seconds 

iv. Place on ice 

b. Place in ice 

4. Preparation of Reagents: 

a. 1x Assay Diluent 

i. Calculate assays being performed (i.e. 8 Standards, plus replicates = 16 

assays, plus 4 samples with replicates = 8 assays, TOTAL = 24 samples, 

round up for 30) 

ii. Prepare 50ml: 12.5 1X Assay Diluent + 37.5 DI Water = 50mL Store in 

Erlenmeyer flask at 4C. 
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b. Trolox for Standard 

i. Does not change: 10ul of Antioxidant Standard stock tube to 240ul of 

Assay Diluent. Use small test tube.  

c. 1x Fluorescein Probe 

i. Need 150ul per sample  

ii. 30 samples x 150 = 4,500ul total.  

iii. 45ul Fluorescein Probe + 4,455ul 1X Assay Diluent= 4,500ul 1X solution 

d. Free Radical Indicator Solution 

i. To be done when plate is incubating for 30 minutes at 37°C 

ii. Freshly prepare 80 mg/mL Free Radical Initiator Solution in 1X PBS. 

iii. 100 mg of Free Radical Initiator powder in a mini Erlenmeyer flask and 

reconstitute the powder with 1.25 mL of 1X PBS and mix to homogeneity.   

e. Prepare each standard (STD1, STD2, STD3, etc) within labeled test tube 

5. Assay Protocol 

a. Add 25 ul of the diluted Antioxidant Standard or samples to the 96-well 

Microtiter Plate. 

b. Add 150 ul of the 1x Fluorescein Solution to each well. Use shaker function on 

reader. Incubate the plate for 30 minutes at 37 °C. 

c. Add 25 ul of the Free Radical Initiator Solution into each well using either a 

multichannel pipette or a plate reader liquid handling system. 

d. Mix the reaction mixture thoroughly by pipetting to ensure homogeneity. 

e. Immediately begin reading sample and standard wells with a fluorescent 

microplate reader at 37 °C with an excitation wavelength of 480nm and an 
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emission wavelength of 520nm. Read the wells in increments between 1 and 5 

minutes for a total of 60 minutes. Save values for Calculation of Results below. 

FI-End Point Single 480/10nm; 530/30nm; 25ms 
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Appendix B 

 
Seedling Samples 

 
 

Samples Prepared Samples  
(Original Solution) 

SPL1: Conventional Soil Kale (CS) 10 mL DI water + 3 g plant samples 
SPL2: Hydroponic Kale (HP) 10 mL DI water + 3 g plant samples 
SPL3: Aquaponic Kale (AP) 10 mL DI water + 3 g plant samples 

SPL4: Biodynamic Soil Kale (BS) 10 mL DI water + 3 g plant samples 
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Appendix C 
 

Preparation of Antioxidant Standard Curve  
 
 

 
Standard (STD) 

0.2mM Trolox™ 
Antioxidant 

Standard (uL) 

Assay Diluent 
(uL) 

Resulting Trolox™ 
Concentration (uL) 

STD1 50 150 50 
STD2 40 160 40 
STD3 30 170 30 
STD4 20 180 20 
STD5 10 190 10 
STD6 5 195 5 
STD7 2.5 197.5 2.5 
STD8 0 200 0 
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Appendix D  

 
Microplate Map 

 
Spl 1: Soil Kale 
Spl 2: Hydroponic Kale  
Spl 3: Aquaponic Kale 
Spl 4: Biodynamic Kale 
 
 1 2 3 4 5 6 7 8 9 10 11 12 
A    Std 3  Std 6  Spl 1  Spl 4   

B    Std 3  Std 6  Spl 1  Spl 4   

C  Std 1           

D  Std 1  Std 4  Std 7  Spl 2     

E    Std 4  Std 7  Spl 2     

F  Std 2           

G  Std 2  Std 5  Std 8  Spl 3     

H    Std 5  Std 8  Spl 3     
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Appendix E  
 

Standard Curve of Net AUC vs Trolox 

 

 
Trolox Standard Curve. The net AUC of varying concentrations of Trolox antioxidant standards 
ranging from 0 to50 μM are plotted vs. concentration. This calibration curve was used to 
interpret the antioxidant capacity of the kale samples. 
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Appendix F 

 
Determination of Trolox using AUC  

Includes data analysis and calculations for one measure.  

 

Taking top readings from conventional soil (e.g. I13, I14) for all 14 measures of standards and 

samples.  

1. Calculate mean for each top measure: e.g. (I13+I14)/2 = 10891193  

Produced the following means for each top reading:  

Standards Raw Mean Data 
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Kale Samples Raw Mean Data 

 

2. Calculate AUC utilizing the data of the means of each top measure we used the 

following equation for each kale sample:  

Area Under the Curve (AUC) = 1+ RFU1/RFU0 + RFU5/RFU0 + ...+ RFU60/RFU0 

RFU0: relative fluorescence value of time point zero 

RFU1: relative fluorescence value at minute 1 

RFU5: relative fluorescence value at minute 5 

RFU60: relative fluorescence value at minute 60 

e.g Sample 1 conventional soil:  

AUC = 1 + SUM (AP14:AP25)/AP13 = 12.67665 

Repeated for all 8 standards and 4 samples produced AUC values:  
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3. Calculate Net AUC by subtracting the AUC of the standards and samples from Standard 

8* using the following formula:  

Net AUC = AUC (Antioxidant) – AUC (Standard 8*) 

*Standard 8 contains no Trolox, it is considered as the Blank 

e.g. Sample 1 conventional soil:  

Net AUC = 12.676 – 3.838 = 8.8378 

 

4. Calculate for Trolox concentration from Net AUC values using the linear regression 

formula:  

y = 0.0445x - 0.0679 

e.g. Sample 1 conventional soil: 

8.8378 = 0.0445x – 0.0679 

x = 8.8378 + 0.0679 / 0.0445  

x = 200.128 µMTE/mL 
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Appendix G 
 

Figures for ORAC Antioxidant Capacity of Conventional Soil, HP, and AP System 
Samples 

 
 Figure G1 
 
(Original, Liquid Solution) 
 

 
Figure G2 
 
(Dry Weight) 
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Appendix H 

ORAC Antioxidant Capacity of Conventional Soil and Biodynamic Soil System 
Samples 

Figure H1 
 
 (Original, Liquid Solution) 

 
 
Figure H2 

 
 (Dry Weight) 
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Appendix I 

Microplate Reader Raw Data  
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