
 
 

Antioxidant and Antiproliferative Activity of Flavonoids from Ontario 

Grown Onions by Pressurized Low Polarity Water Technology 

 

By  

Cynthya Maria Manohar 

 

 

 

A Thesis 

Presented to  

The University of Guelph 

 

 

 

In partial fulfilment of requirements 

for the degree of  

Master of Applied Science  

in  

Engineering 

 

 

 

Guelph, Ontario, Canada 

© Cynthya Maria Manohar, January 2017 

 



 
 

 
 

ABSTRACT 

Antioxidant and Antiproliferative Activity of Flavonoids from Ontario Grown Onions 

by Pressurized Low Polarity Water Technology 

 

Cynthya Maria Manohar                                                                Advisor: 

University of Guelph                                                                        Professor S. Neethirajan 

 

           Naturally occurring plant flavonoids are in great demand in both nutra-pharmaceutical 

and biomedical industries. Flavonoids are a group of phytochemicals that have shown various 

potential health benefits and are found abundantly in onion. The present study is to screen 

Ontario grown onion varieties, namely Stanley, Ruby Ring, Safrane, Fortress and Lasalle, and 

test their antioxidant and antiproliferative capacities. Pressurized low polarity water technology 

is an eco-friendly technique used for extracting polyphenolic compounds from these onion 

varieties, followed by quantification and analysis using High performance liquid 

chromatography. The antioxidant activities in the test samples were measured using various 

antioxidant assays. Ruby Ring - a red onion variety - exhibited high phenolic and antioxidant 

activities when compared to the other yellow onion varieties tested. The antiproliferative 

activity of onion extracts against Caco-2 cancer cells were assessed through cytotoxic, 

apoptosis and anti-migratory assays. Stanley - a yellow onion variety - showed the highest 

anticancer activity against Caco-2 cells. Since there was an increase in both radical scavenging 

activity and total phenolic compounds by Ruby Ring, this red onion variety may be chosen as 

a preferred variety for developing functional food products.  

 

Keywords: Ontario onion extracts, Flavonoids, Antioxidant activity, Caco-2 cells, 

Antiproliferative, Apoptosis, Polyphenols. 
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1. INTRODUCTION 

    Cancer is one of the major public health concerns and leading cause of death in both 

developed and developing nations. Several epidemiological studies indicated that consuming 

phytochemicals helps in reducing many deadly diseases such as diabetes, cancer, 

cardiovascular and Alzheimer’s diseases, and neurodegenerative disorder [1]. One-third of 

these chronic diseases can be reduced through the consumption of a proper diet. The Colorectal 

Cancer Association of Canada (CCAC) assessed the 2016 Canadian Cancer Statistics issued 

by Statistics Canada, the Canadian Cancer Society, the Public Health Agency of Canada and 

the Provincial/Territorial Cancer Registries and concluded that colorectal cancer is the second 

most commonly diagnosed cancer in Canada [2]. It is also the second leading cause of death in 

men, and third leading cause of death in women. It is estimated that in 2016, around 26,100 

(about 14,500 men and 11,600 women) people living in Canada will be identified with colon 

cancer, which accounts for 13% for all new colorectal cancer cases (Figure 1). In 2017, there 

will be approximately an average of 25 Canadians who die from colorectal cancer every day 

[3]. Currently, cancer treatment depends on two major methods, radiation and chemotherapy, 

both of which have severe side effects and mixed success, therefore researchers are very keen 

to look for alternative therapeutics in fighting these chronic deadly diseases [4]. 
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Figure 1. Canadian colorectal cancer statistics (2016). Source: Canadian cancer society. 

1.1. Onions  

       Among vegetables, onions are considered to be one of the richest source of flavonoids 

present in the human diet. Flavonoids possess high levels of antioxidant activity. Cohort studies 

have shown that consumption of dietary rich food decreases the risk of cancer, immune 

dysfunctions and cardiovascular diseases [5, 6, 7]. Onions contain a number of phytochemicals 

and are valued for their various health benefits. Due to the increase in health awareness by 

consumers, there is a fast growing market for naturally occurring antioxidants in Ontario as 

well as across North America. Global market for functional foods is estimated to be worth more 

than $60 billion (Circadia Ventures, 2010). More than 750 Canadian companies specialize in 

natural food and health products, of which the Ontario region was found to be the major 

supplier. 

      Several clinical trials were performed for confirming the medicinal and health benefits of 

onions. Various studies have also reported that consumption of onions decreases head and neck 

cancer [8] and lowers the blood sugar levels. Some onions were found to be ineffective while 

others acted as anti-microbial or anti-inflammatory agents. The juice obtained from fresh 
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onions has antibacterial properties due to the presence of allicin, disulphides, and cysteine [9]. 

Regular consumption of onions shows the antiplatelet aggregation effect in human and animal 

blood [10]. It also reduces the risk of lung, oesophageal, and stomach cancer [11]. They also 

exhibit antiseptic, rubefacient, digestant, antiparasitic, and antifungal activities as well as anti-

inflammatory, and antihistamine effects [12]. 

     Onions contain flavonoids, particularly flavonols and anthocyanins, which are the major 

antioxidants that play an important role in preventing cardiovascular diseases and all forms of 

cancer [13]. Onions have a unique medicinal property of preventing sore throats due to the 

presence of pleiomeric chemicals. An essential oil present in onions acts as a heart stimulant 

and increases the pulse [14]. Therefore, there are many potential health benefits associated with 

them. This has led to a large production of many onion food supplements, based on their 

quercetin content. All the reported studies have resulted in the production of large quantities 

and high yield of fresh onions. 

      Among vegetables, onions are considered to be the second most commonly used 

agricultural plant in the world. The pungency and flavour in onions are due to the presence of 

sulphur containing compounds.  The major difference found in both the onion colour as well 

as the flavour, is due to their concentration and content of phenolic compounds. The inner 

portion, which is the edible part (bulb), of the red onion varieties will generally have greater 

flavonoid content than the white or yellow onion varieties. The yellow onions generally will 

exhibit greater levels of quercetin (a major flavonoid compound) than other varieties, especially 

the red onion types [15].  

       Onions are considered to be the greatest agriculturally cultivated crops in Canada (in the 

eastern provinces of Ontario and Quebec). Their annual production is about 210,000 tons and 

their value was found to be $74 million. Even though onions were found to be a major source 
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of dietary flavonoids, due to certain factors such as genetic and environmental, screening for 

total flavonoid and total phenolic contents is necessary for cultivating the most favourable ones. 

Presently, there is a great interest in promoting horticultural food crops (such as onions) with 

great amounts of flavonoids compounds. The differences found in the polyphenolics and 

flavonoid composition between varieties of onions and finding their individual concentration, 

will be useful for farmers and plant breeders. This knowledge can help them in choosing the 

specific onion varieties to cultivate, for particular health benefits. Hence, identifying 

improvement and development of market quality traits. Such traits include the antioxidant and 

antibacterial properties of onions and how they enhance their marketability as nutraceutical 

products, as a natural anti-biofilm coating agent for improved shelf life of packaged food, and 

as a preservative in processed food [5]. 

    In the Ontario region, a total of 17 varieties of onions were produced and we chose five 

varieties since they were the most frequently used. By 2017, the global nutraceutical market is 

expected to increase at a rate of 6.4 % to reach US $ 204.8 billion. By 2018, the demand for 

antioxidants and antimicrobial coatings and films for food industries is estimated to reach US 

$ 2.7 billion. Flavonoids from onions can also be used for biocompatibility, biodegradability, 

because they are safe to eat without any toxic chemicals which makes them a more promising, 

as well as a useful food product. 

1.2. Antioxidants and Flavonoids 

      Free radicals are highly reactive chemicals which have the potential to harm cells. These 

are generally formed in the body and play an important role in many cellular processes. Free 

radicals at high concentrations damage all major components of cells including DNA, proteins 

and cell membranes. The damage to cells, especially that to DNA (Deoxyribonucleic acid) 

caused by free radicals, plays a key role in the development of cancer and other major health 
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problems. Hence, use of antioxidants are very much necessary to interact and neutralize free 

radicals which prevent cellular damage [16]. 

      Antioxidants are polyphenols found in food that protect the human body against damage to 

cells. There are different types of antioxidant compounds, and they can be divided into two 

categories; flavonoids and non-flavonoids. Flavonoids can be classified into various subgroups 

depending on the carbon of the C ring on which the B ring is attached, and the degree of 

unsaturated and oxidation of the C ring. Flavonoids in which the B ring is linked in position 3 

of the ring C are called isoflavones, those in which the B ring is linked in position 4 are called 

neoflavonoid and those in which the B ring is linked in position 2 can be further subdivided 

into several subgroups: flavones, flavonols, flavanones, flavanonols, flavanols or catechins and 

anthocyanins. Finally, flavonoids with an open C ring are called chalcones on the basis of the 

structural features of the C ring.  

       Flavonoids are naturally occurring plant secondary metabolites. Researchers have found 

that flavonoids, particularly quercetin and its derivatives such as mono- and di-glucosides, are 

extensively present in human diet. Among 28 vegetables, onions have been ranked with the 

highest quercetin content [17]. Epidemiological studies and in-vitro and in-vivo experimental 

data signifies that regular consumption of onions decreases the risk of degenerative ailments. 

The sulphur compounds present in them are in the form of cysteine derivatives, e.g. S-allyl 

cysteine sulfoxide, and these compounds have shown several potential health benefits which 

include prevention of tumours and cancers. The major flavonoid compound present in onions 

is quercetin and their derivatives. Glycosides that constitute 80% of flavonoids in onions are 

quercetin 4 –O-β-glucoside and quercetin 3, 4-O-β-diglucoside. Recent studies have suggested 

that quercetin as a pro-oxidant induces apoptosis in cancerous cells by preventing tumour 

proliferation, and improves normal cell survival [18]. Other major flavonoids that are present 

in onions are kaempferol, myricetin and isorhamnetin derivatives. The glycosyl unit in these is 
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identified as glucose. The bulb colour and type depend on the amount of flavonoids present 

[18]. 

1.3. Structural Activity of Flavonoids  

       Several studies have investigated the antioxidant activity of flavonoids and the relationship 

between their structure and radical scavenging activity. The radical scavenging activity of 

flavonoids depends on the substitution pattern and number of hydroxyl groups. Flavonoids (or 

bioflavonoids) are made up of a fifteen carbon skeleton which consists of two benzene rings 

(A and B rings) that are linked via a hetrocyclicpyrane ring (C ring). The individual flavonoids 

such as quercetin, kamepferol, and myricetin differ in the pattern of substitution in the A and 

B rings. Quercetin has five OH groups, two each in A and B rings and one in the C ring. 

Kamepferol has only four OH groups, namely two and one in A and B rings respectively. 

Myricetin has 6 OH groups and hence it is a potent antioxidant. It is known that three structural 

features determine the antioxidant potential of flavonoids, i.e. (i) the o-dihydroxyl (OH) 

(catechol) structure in the B ring; (ii) the 2,3-double bond in conjugation with a 4-oxo function 

in the C ring; and (iii) presence of both 3- and 5- hydroxyl groups. The flavonoid quercetin 

consists of these three structural features and has shown to be a potent antioxidant. 

       The functions of antioxidants as scavengers of free radicals are that they can donate a 

hydrogen atom to the radicals. Hydroxylation of A-ring of flavonoids, particularly the 5- and 

7-hydroxylations, is very helpful for antioxidant activity. The structural requirement 

considered essential for effective radical scavenging by them is the presence of 3', 4'-dihydroxy 

groups, i.e., an o-dihydroxy structure (catechol structure) of the B ring, which possesses 

electron donating properties and is a radical target. Additionally, the 3-OH moiety of the C ring 

is also beneficial for the antioxidant activity of flavonoids [19]. The C2-C3 double bond 

conjugated with a 4-keto group in the C ring, which is responsible for electron delocalization 



7 
 

from the B ring, further enhances the radical-scavenging capacity. The saturation of the 2, 3-

double bond is one of the causes of loss of activity [20]. The presence of both 3-OH and 5-OH 

groups in combination with a 4-carbonyl function and C2=C3 double bond, increases the 

radical scavenging activity when compared to the basic structure [21]. In the absence of an o-

dihydroxy structure of the B ring, hydroxyl substituents in a catechol structure on the A-ring 

were able to compensate and become a larger determinant of the flavonoid antiradical activity 

[22].  

       The presence of C2=C3 double bond, the OH-linked to the C3 position can lead to 

electronic oxidation to produce a hydroxyl radical, and unpaired electrons, that can delocalize 

in the C2 and B ring. All the studies acknowledged the importance of C2=C3 double bond, 

since it contributes to the antioxidant activity of flavonoids [23, 24, 25].  Gregoris and 

Stevanato (2010) observed that the radical scavenging activities of galangin (OH at C3) and 

apigenin (OH at C4’) were associated with unpaired electrons in different positions on the B 

aromatic ring, and the former exhibited a much higher antioxidant activity than the latter. The 

catechol moiety in ring B, confers a high stability to the aroxyl radical via expanded electron 

delocalization [27] or hydrogen bonding. Naringenin without the C2=C3 double bond showed 

a low antioxidant capacity, but kaempferol with this feature and the hydroxyl group in C3 

showed high activity [26]. Burda and Oleszek (2001) observed from a study with 42 flavonoids, 

that only flavonols with a free hydroxyl group on the C3 position exhibited high inhibitory 

activity to β-carotene oxidation, and that antiradical activity depended on the presence of a 

C2=C3 double bond and free hydroxyls on C3. Although C3 and C4’ radicals can delocalize 

the unpaired electron on this double bond and the aromatic ring, antioxidant properties are quite 

different.  Rigobello et al., (2004) explained this observation as due to the steric hindrance of 

C3, the hydroxyl group stabilized the radicals. It is seen that the C2=C3 double bond is more 

important than the keto group for the antioxidant properties. Kumazawa et al., (2004) found 
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low DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free radical scavenging activity for 

pinobanksin, which contains a hydroxyl group in C3 and the keto group in C4, but not the 

C2=C3 double bond. It is reported that the position of the Hydroxyl groups affects the 

antioxidant properties of the molecule more than the number of the hydroxyl groups themselves 

[31]. It is possible to state that in benzenic structures, the presence of two hydroxyl groups to 

ring position confers high antioxidant properties.  

      Flavonoids that contain more hydroxyl groups (one to six OH groups), have higher free 

radical and superoxide anion radical scavenging abilities, such as kaempferol, quercetin, 

myricetin and quercetin. The relationship between the number of hydroxyl groups and ORAC 

(Oxygen Radical Absorbance Capacity) activity (Peroxyl radical absorbing activity) in 

flavones is linear. Flavones with a single OH had a low ORAC. ORAC activities of flavones 

with three to five OH substitutions were 2.6–3.9-fold greater than that of Trolox (6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid). Kamepferol exhibited lower ORAC activity 

than quercetin, while myricetin exhibited the highest ORAC activity. More OH substitutions 

leads to stronger ORAC Peroxyl radical absorbing activity.  The activities of flavonoids in 

absorbing hydroxyl radicals produced by Cu++/H2O2 increased proportionally to flavonoid 

concentration at low concentrations, but after reaching a maximum, ORAC declined. The 

flavonoids that contain multiple OH substitutions have very strong antioxidant activities 

against peroxyl radicals. The order of free radical scavenging activities observed by Sim et al 

(2007) in their DPPH assay was myricetin (six OH) > quercetin (five OH) >kaempferol (four 

OH), which suggests that an increase in the number of OH groups enhances scavenging of free 

radicals. Flavonols such as kaempferol, quercetin, myricetin and quercetin that contain more 

hydroxyl groups (one to six OH groups), have higher free radical and superoxide anion radical 

scavenging abilities. Theoretical studies carried out by Markovic et al (2014) also conclude 
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that C4’ – OH group is definitely a structural prerequisite for the effective reduction of DPPH 

radicals. 

1.4. Need for Antioxidants 

      In recent years, the agricultural food sector as well as the consumers, have started to seek 

food that provides more health and medicinal benefits. One of the major causes of cancer is 

excessive free radical damage in the cells present in the human body that injure DNA, and 

hence, some cells get mutated into cancerous cells. Use of antioxidants is to inhibit and 

eradicate these free radicals. Another major cause of cancer is processed foods. Processed foods 

generate more free radicals than whole foods, and have less nutrients to act as scavengers to 

fight against these free radicals and reactive oxygen species (ROS). Due to an increased risk of 

chronic diseases by free radicals and reactive oxygen species, a demand for developing new 

and novel bioactive compounds has been created. Thus, investigating the mechanisms behind 

the antioxidant properties of onions will create new strategies for the development of novel 

health products in the food industries. In addition, understanding the chemistry behind 

bioactive compounds and their impact on health through linkage between onion flavonoids and 

its antioxidant properties, will help researchers to design and develop novel onion based 

nutraceutical and health products for both food and pharmaceutical industries. Furthermore, 

studying traits such as antioxidants content of Ontario-grown onions, will help producers to 

grow better and preferred candidates of onion varieties with a defined set of criteria [33]. 

1.5. How Antioxidants Inhibits Free radicals 

       Oxidation is a chemical reaction process where the electrons or hydrogen from a molecule 

gets transferred to an oxidant. Free radicals are atoms or molecules with unpaired electrons, 

they are highly reactive. If this free radical occurs inside a living cell, it leads to cellular damage 

which ends up in chronic deadly diseases. Free radicals can also occur when food is broken 
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down by radiation. The antioxidants can interact with the free radicals generated and terminate 

the chain reaction before vital molecules are damaged. Antioxidants neutralize these free 

radicals by donating one of their own electrons, which ends up in an electron stealing reaction. 

Thus, the antioxidants act as scavengers which helps to prevent cell and tissue damage.   

 

Figure 2. Inhibition of free radicals by antioxidants. 

1.6. Effects of Flavonoids on Cancer 

     The antioxidant capacity of a compound indicates its action against the early stages of 

mutagenesis process, which is achieved by scavenging the reactive oxygen species (ROS). This 

process reduces the DNA oxidative damage, stimulates antioxidant enzymes, and enhances 

DNA repair. Recent studies have indicated that these compounds have the ability to modulate 

the cellular process which is linked to cancer progression such as cell proliferation, 

differentiation, apoptosis, cell cycle arrest, intracellular communication and inflammation. 

Flavonoids have beneficial effects through their impact on the bio activation of carcinogens. In 

addition to their antioxidant properties, they have been shown to modulate several regulators 

of pathways that are often altered in cancer. A few of these regulators include: protein kinases, 

epidermal growth factor receptors (EGFRs), vascular endothelial growth factor receptors 
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(VEGFRs), platelet derived growth factor receptors (PDGFRs), and cyclin-dependent kinases 

(CDKs) [36]. Flavonoids have come in the light, especially in the area of anti-cancer drug 

discovery research. Quercetin and kaempferol are known to inhibit cytochrome P450 enzymes 

of the CYP1A family. Several flavonoids have had in vitro studies that demonstrated growth 

inhibitory activity on several human cancer cell lines. This anti-proliferative activity exhibited 

by them in estrogen-dependent tumour cells or in in vivo animal models, is most likely due to 

their anti-estrogenic properties. Flavonoids have also been shown to affect the cell-signalling 

and the cell cycle progression in in vitro systems. 

1.7. Metabolism and Bioavailability of Flavonoids 

      The absorption, metabolism and bioavailability of polyphenols is mainly dependent on their 

chemical structure as well as the food co-consumed with them. The anatomical, physiological 

and biochemical characteristics of the individuals consuming them also play an important part 

in these properties. Contradictory reports exist on anti-cancer properties of polyphenols 

between in vitro and epidemiological studies. These are likely due to the fact that polyphenols 

have low absorption in the gastrointestinal tract, extensive biotransformation within the gut, 

and accumulation in the target tissues. As a result, they will be present in low concentrations 

in the blood plasma. The poor bioavailability of these compounds necessitates the use of 

targeted delivery which is being attempted by several researchers. 

      Absorption of dietary rich flavonoids released from foods due to chewing, depends on the 

physicochemical properties of these compounds which include size, configuration, solubility, 

lipophilicity and pKa. Flavonoids have to reach the colon before absorption. They can also get 

absorbed from the small intestine, which mainly depends on the chemical structure of the 

flavonoid, i.e. whether it is glycoside or aglycone. Most of the flavonoids (except the subclass 

of catechins) present in plants are bound to the sugar molecules as b-glycosides. Unlike 
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glycosides, aglycans can be easily absorbed by the small intestine. The intestinal Na+ dependent 

glucose cotransporter, plays the major role in transporting the hydrophilic flavonoid glucoside 

quercetin, across the small intestine. The liberated aglycone is subsequently absorbed in the 

small intestine. These absorbed flavonoids are conjugated by glucuronidation in the liver, or 

they are metabolized to smaller phenolic compounds. The glucuronidation reaction utilizes all 

the flavonoids in the plasma, therefore free flavonoid aglycones cannot be found in the plasma 

or urine, except for catechins. As mentioned before, depending on the source of the food, the 

bioavailability of several flavonoids differs considerably. For example, the absorption of 

quercetin from onions is four fold greater than that from tea or apple. The flavonoids secreted 

with bile in the intestine, and those that cannot be absorbed from the small intestine are 

degraded in the colon by intestinal microflora. These micorflora also break down the ring 

structure present in the flavonoid. Oligomeric flavonoids may be hydrolysed to their 

corresponding monomers and dimers under acidic conditions, especially in the stomach. Larger 

molecules reach the colon where they are degraded by bacteria. The sugar moiety of flavonoid 

glycosides, is an important determinant of their bioavailability. Studies have shown that 

dimerization reduces their bioavailability. Among all the subclasses of flavonoids, isoflavones 

exhibit the highest bioavailability. After ingestion of green tea, flavonoids are absorbed rapidly 

as indicated by their elevated levels in plasma and urine. They enter the systemic circulation 

soon after ingestion and cause a significant increase in plasma and exhibit antioxidant activity 

[37, 38]. 

1.8. Pressurized Low Polarity Water (PLPW) Extraction Technique 

      Phytochemicals are generally not soluble in water under ambient conditions due to the 

presence of organic matter and the prevalence of non-ionic or covalent bonds in their structures. 

Despite being readily soluble in various organic solvents such as aliphatic alcohols, hexanes, 

acids, methyl chloride and acetonitrile, these are not environmentally benign and usually not 
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popular with government or environmental public groups. In recent years, there has been a 

great demand for environmentally friendly technologies that are capable of providing high-

quality and high-activity extracts without any solvent toxicity. Hence, pressurized low polarity 

water technology technique using water as an eco-friendly method, is widely accepted for 

various applications.  

       Water is a non-toxic, non-hazardous, non-flammable, consumer acceptable and 

inexpensive solvent. Water has special advantages such as forming ionic, hydrogen and dipole-

dipole bonds that are highly sensitive to temperature and pressure. At room temperature, water 

is a very good solvent for charged polar compounds, but it is a relatively poor solvent to extract 

non-polar or hydrophobic compounds such as hydrocarbons, because it is a polar solvent and 

has a high dielectric constant [34]. 

        Pressurized low polarity water (PLPW) can be maintained in the form of a liquid at 

temperatures up to 374°C and a pressure of up to 221 bars. Generally, organic solvent 

extraction techniques are toxic and require explosion-proof facilities along with storage and 

handling certified apparatus for use of flammable chemicals. In addition, the solvents might 

remain in the final products as residues which raise safety concerns for consumption of humans. 

PLPW uses heating water under pressure to temperatures above its boiling point, resulting in 

the change of its key properties such as pH and polarity. The water polarity can be decreased 

to those of solvents such as ethanol or methanol, thus extracting different classes of 

phytochemical compounds. Therefore, an eco-friendly extraction technique is essential to 

extract functional compounds from natural products [35]. 
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Figure 3. Photograph of the Speed SFE NP model 7100 pressurized low polarity instrument 

(Applied Separation Inc., Allentown, PA, USA) used for this study at the facilities of the 

Guelph Food Research Centre of Agriculture and Agri-Food Canada (AAFC). 

        Pressurized low polarity water (PLPW) is a new and powerful extraction technique. In the 

setup, one of the pumps is used for pumping the water (and extract) and another pump is 

employed for flushing the tubing. A pressure restrictor is necessary to maintain the appropriate 

pressure in the piping, which is made of stainless steel. This automated Speed SFE NP model 

7100 instrument (Applied Separation Inc., Allentown, PA, USA), is equipped with a pump 

(Module 7100) and a 10-mL thick-walled stainless cylindrical extractor vessel used for 

extracting flavonoids from onions. Before pressurizing and pumping into the system, CO2 is 

cooled in a refrigerated bath (RB-5, Techne Cambridge Ltd., UK). Carbon dioxide from CO2 

liquid cylinder (Praxair Product Inc., Kitchener, Ontario, Canada) was pressurized and pumped 

into the system. For manual adjustment of the desired flow rate and continuous measurement 

a flow meter (Applied Separation Inc., Allentown, PA, USA) was used. The extractor is filled 

with defatted cotton on both ends, which prevents CO2 from transporting solids out. A freeze-
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dried sample is weighed and used for this extraction process. The flow rate of the CO2 at the 

exit of the system is controlled and maintained constant (1.5 +/- 0.05 mL/min accuracy) during 

the experiments. Additionally, the pressures and temperatures are varied as per the 

experimental design to determine the effect of these parameters on the extraction yield. All the 

samples are collected in 25 mL brown sample vials to minimize UV mediated degradation and 

stored at -20°C prior to quantitative analysis using a high-performance liquid chromatography 

(HPLC). 

1.9. Colorectal Cancer 

        Colorectal cancer (CRC) is the second in women and third in men, most prevalent type of 

cancer in the world. In 2012 approximately1.4 million cases were diagnosed and 693,900 

deaths occurred due to the presence of colon cancer. Dietary factors are responsible for 70-

90% of cases. Most of risk factors include high consumption of lipid and calorie-rich diets, red 

and processed meat, smoking, diabetes and chronic inflammation. This type of cancer is a 

malignant tumour which begins in the colon/rectum cells. Cancer begins when the cells in the 

body begin to grow out of control. The term malignant, means a cancerous tumour that can 

spread or metastasize to other parts of the body. The colon and rectum belong to the large 

intestine and the digestive system of the body. The main function of the colon is to absorb 

water and nutrients and then pass the waste (stool or faces) to the rectum. Colon and rectal 

cancers are normally grouped together as colorectal cancer because these organs are made of 

the same tissues and there is no a clear border between them. Sometimes they might be a 

mutation in the colon and rectum cells, and they no longer grow or they start to behave 

abnormally. These changes cause tumours which are not cancerous, namely hyperplastic and 

inflammatory polyps. Abnormal cells in the colon and rectum leads to precancerous conditions, 

which means that these cells will become cancerous cells. Adenomas and hereditary syndromes 

are a few of the common precancerous conditions of the colon and rectum. Colorectal cancer 
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mostly originates in the gland cells, which line the walls of the colon or rectum. These gland 

cells produce mucus which helps the stool to move through the colon and rectum. This type of 

cancer is called adenocarcinoma of the colon or rectum. Very few types of this cancer can also 

be developed, including small cell carcinoma and squamous cell carcinoma. Studies have 

reported that dietary flavonoids have an anti-proliferative property and hence play an important 

role in cancer prevention; mainly gastrointestinal [39].  

1.9.1. Flavonoids on cancer cells 

        Flavonoids are natural products ideal for cancer chemoprevention. Currently artificial 

agents used in cancer therapy are highly toxic and cause severe damage to normal cells. Ideal 

anticancer agents such as flavonoid compounds would exert less effects on normal tissues and 

possess maximal capacity to tumour cells and inhibits their growth. Several studies have 

indicated that naturally occurring polyphenolic compounds possess growth inhibitory effects 

on different kinds of cancer cells which are mediated by different molecular targets which acts 

through various metabolic pathways. The flavonoids bind to the cell membrane and modulates 

the cellular metabolic activities. Flavonoid compounds interact with xenobiotics metabolizing 

enzymes which inhibits several kinases involved in signal transduction and interact with 

estrogen type II binding sites and alter gene expression patterns [102,103,104]. 

       ROS is involved in tumour progression in human cells. NADPH oxidase I an enzyme that 

produces superoxide is overexpressed in colon and prostate cancer cell lines [105]. ROS play 

important role in DNA damaging and mutagenic signalling. ROS act as secondary messenger 

in several pathways that lead to increase in cell proliferation, resistance to apoptosis, activation 

of proto-oncogenes such as cFOS, cJUN and cMyc. Flavonoids with their anti-oxidant activity 

may scavenge the ROS and hence act as anticancer agent. Flavonoids may exert part of their 

anti-oxidant and anti-inflammatory activities via direct inhibition of prooxidant enzymes such 



17 
 

as Lipoxygenase’s, cyclooxygenase’s, and xanthine oxidase’s [106]. Activation of a 

procarcinogen to carcinogen is an important step in carcinogenesis. Flavonoids can exert their 

effect by two possible mechanisms. Firstly, by interacting with phase 1 enzymes (CyP450) that 

are involved in metabolic activation of procarcinogens [107].  Second, by the detoxification 

and elimination of carcinogens via induction of phase II enzymes such as Uridine 5'-diphospho-

glucuronosyltransferase, quinone reductase and glutathione S-transferase. Another mechanism 

for the potential anti-carcinogenic effects of flavonoids could be their ability to inhibit various 

protein kinases, thereby inhibiting signal transduction event of cell proliferation. Flavonoids 

can cause cell cycle arrest in correlation to their ability to inhibit Cyclin-dependent kinases 

[108]. Flavonoids can also modulate the activity of Mitogen-activated protein kinases as a 

possible mechanism for their potential anti-neurodegenerative action. Flavonoid induces 

apoptosis and blocks the cell cycle in tumour cells but not in the normal ones. 

1.10. Caco-2 Cell Line 

         Caco-2 cell line is a continuous cell of heterogeneous human epithelial colorectal 

adenocarcinoma cells. Caco-2 cell line is used as a model to study the human intestinal 

absorption of compounds, such as flavonoids. This cell line is originally derived from colon 

carcinoma. One of the most important advantages of this cell line is that these cells differentiate 

spontaneously to express morphological characteristics of mature small-intestinal enterocytes. 

In addition, these human colon epithelial cancer cells express transporter proteins, efflux 

proteins and Phase II conjugation enzymes, to model a diverse transcellular pathway as well as 

perform metabolic transformation of test compounds. This cell line is heterogeneous and often 

has different properties. Caco-2 human cancer cells are four times higher in trans epithelial 

resistance when compared to HT 29 (human colorectal adenocarcinoma cell line) cell 

monolayer. Furthermore, Caco-2 expresses various drug metabolizing enzymes such as 

esterase, aminopeptidase and sulfatase. These cells mimic the human intestinal epithelium. One 
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of the major differences between normal and caco-2 cells is the latter expressed higher levels 

of CYP3A4 in the intestine. The metabolism of compound by Caco-2 cells can be investigated 

through various assays [40]. 

1.11. Experimental Methods Used for Studying Antioxidants and Anti-proliferative activity 

1.11.1. Antioxidant assays 

Antioxidants play a vital role in suppressing free radical−mediated oxidation by inhibiting the 

formation of free radicals and scavenging radicals. Radical scavenging activity depends both 

on the reactivity and concentration of the antioxidant. The activity of antioxidants cannot be 

concluded based on a single test model. Antioxidant test models vary in different aspects; hence 

it is very difficult to compare fully based on one method. The redox properties of an antioxidant 

indicate its role in absorbing and neutralising free radicals, quenching singlet and triplet 

oxygens, or decomposing peroxides. During this process, the antioxidant itself becomes 

oxidised. This necessitates the need for their constant replenishment. Antioxidants function in 

two different ways: the first is that they act as the provider of a hydrogen atom. They can 

provide hydrogen atoms to the lipid radicals (R*, Roo*) at a faster rate than their rate of 

formation of free radicals, or change these radicals to a more stable form. The second function, 

is that they reduce the rate of auto-oxidation with a variety of mechanisms beyond the well-

known auto-oxidation mechanism of chain termination. They convert the lipids to form more 

stable compounds i.e., by scavenging initiating radicals. Such termination reactions can quench 

the oxidation chain from starting. The effectiveness of an antioxidant in the human body 

depends on several factors, namely, which free radical is involved, how and where it is 

generated, and where the target of damage is present [41].  
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1.11.2. Cell Culture 

         Cell culture is a process in which cells are grown under controlled conditions, usually 

outside their natural environment. The cell culture conditions vary depending on each cell type 

and nature of study, such as interactions between chronic disease causing agents and cells, 

effects of compounds on cells, and process and triggering of aging. Cell lines are cells derived 

from a single cell consisting of cells with uniform genetic makeup. Caco-2 cell lines provide 

information about the biochemical and biological properties of the intestinal mucosa [42]. To 

study the bioactive food components on the barrier function of the intestinal epithelium, Caco-

2 cell lines can be used. 

        To study the effects of bioactive compounds, assessing the cytotoxicity and cytolysis cell 

proliferation method was used. In cell proliferation, the number of cells that divides or changes 

in proportions is measured. Apoptosis is a method for normal cell death which occurs in 

multicellular organisms. Caspase assay was performed to determine the effect of bioactive 

compounds capable to induce apoptosis. The measurements of cell motility and efficacy of the 

bioactive compounds is determined by cell migration assay kits. 

1.11.2.1. Cell imaging technique 

            Cell imaging is studying the effect of bioactive compounds on cells using a microscope. 

It is particularly used for better understanding the biological function through study of cellular 

dynamics. Cell migration plays a very important role in many physiological and pathological 

processes, especially cancer metastasis. The migration of cultured cells that are attached to the 

surface is typically studied by using a microscope. As the movement of cells is very slow (a 

few µm/minute), time-lapse microscope videos are recorded for speeding up the movement of 

the migration of cells. Invasion of cancer cells into the surrounding tissue is the first step in 

tumour metastasis. The cancer cell migration and invasion into adjacent tissues and the 
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intravasation into blood/lymphatic vessels is necessary for metastasis of adenocarcinomas. 

This allows carcinoma cells to respond to the signals from the microenvironment that activates 

tumour invasion. Therefore, molecules that are involved in cancer cell migration could be the 

potential targets for anti-metastasis therapy. Recent advances have suggested that in vivo 

imaging have produced a better understanding of the migration of carcinoma and host cells in 

tumours. The regulation of cancer cell migration in vivo is more complicated to demonstrate 

than those involving chemoattractant, extracellular matrix, and signalling interactions with 

stromal cells [43]. 

1.11.2.2. Cytation 5 Cell Imaging Multi-Mode Reader 

             Cytation 5 Cell Imaging Multi-Mode Reader is a cell imaging microplate reader that 

has combined automated digital wide-field microscopy with conventional multimode 

microplate detection. This unique microplate reader which is a patent pending design, provides 

rich phenotypic information of cells with well-based quantitative data. This equipment can 

process workflows that require multiple instruments, and the software that interfaces this 

instrument is simple to setup and operate. It has a 60x magnification which provides high-

quality cellular and subcellular imaging in fluorescence, bright field, colour bright field and 

phase contrast. This microplate read has patented BioTek’s Hybrid Technology. This 

technology consists of a variable bandwidth monochromator optics and high sensitivity filter-

based detection optics in order to achieve versatility. Live cell imaging and multi-mode assays 

are optimized at 65 °C and shaking, plus available CO2/O2 control and dual reagent injectors. 

A software called Gen5™ 3.0, provides automated image capture and analysis and annotation 

and movie maker functions.  Augmented Microscopy is the combination of all of these features 

in one compact system. 
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Figure 4. Photograph of the Cytation 5 multimode plate reader (Biotek, Winooski, VT) used 

at Bionano Lab, University of Guelph. 

1.12.  Objectives of the Current Research 

          Here, the antioxidant and anti-proliferative properties of the flavonoids extracted from 

Ontario grown onion varieties is studied by using various conventional antioxidant and cell 

culture based assays. 

The objectives of this study are: 

 To isolate flavonoids using the pressurized low polarity water (PLPW) extraction 

technique (a commercially scalable and environmentally friendly extraction technique). 

 To identify and analyse the extracts using High-performance liquid chromatography 

(HPLC). 

 To determine the antioxidant activity of the onion flavonoids using biochemical assays. 

 To study the cytostatic capacities of the onion extracts by measuring caco-2 growth 

using the MTS colorimetric assay. 
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 To measure the cytotoxicity activity of the different onion extracts by Lactate 

dehydrogenase (LDH) release assay. 

 To determine the presence of bioactive properties capable of inducing apoptosis 

through Caspase assay. 

 To study the migration of cells by performing Oris™ cell migration assay. 

 

2. MATERIALS AND METHODS 

2.1. Onion Samples 

       Onion varieties, namely Fortress, Safrane, Lasalle, Ruby Ring and Stanley were graciously 

donated by Holland Marsh Growers’ Association, Ontario, Canada and used for the extraction 

of flavonoid compounds.  

 

Figure 5. Ontario grown onion varieties A) Fortress, B) Safrane, C) Lasalle, D) Ruby Ring, 

and E) Stanley. 
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2.2. Chemicals and Reagents 

        Sodium carbonate, potassium acetate, aluminium chloride, potassium hexacyanoferrate, 

gallic acid, potassium hexacyanoferrate, Folin-Ciocalteu reagent (FCR), 2,2'-azino-bis (3-

ethylbenzothiazoline-6-sulphonic acid), ferric chloride, ascorbic acid, 2,2-diphenyl-1-

picrylhydrazyl, and potassium persulfate, were purchased from Sigma Aldrich (Burlington, 

Canada). HPLC grade water, methanol, formic acid and 96-wells polystyrene microtiter plates 

were purchased from Fisher Scientific (Burlington, Canada).The Lipid Peroxidation (MDA) 

Assay kit was purchased from Abbexa, Cambridge Science Park, United Kingdom. The total 

antioxidant capacity (TAC) colorimetric assay kit was purchased from BioVision, California, 

USA. Deionized water was used from a Barnstead Nanopure Diamond lab water system (APS 

Water Services Corporation, USA). Quercetin, quercetin 3 4'-diglucoside, isorhamnetin, 

kaempferol, quercetin 3- β- D glucoside, kaempferol-3-glucoside, myricetin and quercetin 3-

glucoside standards were purchased from Sigma Aldrich Canada. 10% trichloroacetic acid 

(TCA) was purchased from Labchem (Zelienpole, USA). Caco-2 human colorectal 

adenocarcinoma cells were purchased from American Type Culture Collection (ATCC) 

(Rockville, MD). Quercetin (purity: pharmaceutical secondary standard), myricetin (purity ≥ 

96%), kamepferol (purity>98%), MEM (minimum essential medium), FBS (fetal bovine 

serum), l-glutamine, and d-glucose were purchased from Sigma Aldrich (St Louis, MO). 

DMEM (Dulbeccos’ modified eagle’s medium) phenol free and 100X penicillin-streptomycin 

solution were obtained from GE Healthcare Life Sciences (Logan, UT). Lactate dehydrogenase 

(LDH) cytotoxicity and MTS cell proliferation assay kits were purchased from BioVision Inc. 

(Milipitas, CA). TrypLE express and the image-iT® lipid peroxidation kit were purchased from 

Invitrogen (Carlsbad, CA).  The ORIS™ cell migration assay kit was acquired from Platypus 

Technologies (Madison, WI).  
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2.3. Plant Material 

       Onions (medium sized) of the same variety were taken and the outer skins were peeled, 

cleaned and chopped. These samples were then ground and kept at -30ºC overnight. The pastes 

were placed in a freeze drier for 72 h (lyophilized) and the freeze- dried samples were then made 

into fine powders and stored in air tight containers at -20ºC. The fine powdered samples from 

the five varieties were further stored for analysis.  

 

Figure 6. Flowchart showing the process of extracting onion powder. The four steps would be: 

(1) peeling, cutting and grinding, (2) smashed onions kept at -30°C in the fridge overnight, (3) 

freeze drying of the smashed onions, (4) fine powdered samples stored for analysis.  

2.4. Pressurized Low Polarity Water Extraction 

      The flavonoids from the five varieties of onion powders were extracted by using an 

environmental friendly technique: pressurized low polarity water technology. This extraction 

method was carried out at the facilities of the Guelph Food Research Centre of Agriculture and 
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Agri-Food Canada (AAFC), by using an automated Speed SFE NP model 7100 pressurized 

low polarity instrument (Applied Separation Inc., Allentown, PA, USA) equipped with 10-mL 

thick-walled stainless cylindrical extractor vessel and a pump (Module 7100). This eco-friendly 

extraction method is ideal for extracting flavonoids from onions, and scalable for commercial 

use. This technology also prevents the degradation of the phytochemicals. A 5g of freeze dried 

onion powder was weighed and mixed thoroughly with 80 mL of 0.1% formic acid in milli-Q 

water (v/v), and injected into the extraction vessel. The temperature was set at 60ºC, the 

pressure at 150 bar, and the total extraction time was set at approximately 60 min. A total of 

35mL of the sample solution was collected after the extraction. The sample solution was then 

analysed using high performance liquid chromatography (HPLC). 

2.5. High Performance Liquid Chromatography (HPLC) Analysis of Phenolic Compounds  

      The extracted samples were identified, quantified and analysed with an Agilent 1100 series 

HPLC system equipped with a vacuum degasser, auto-sampler, quaternary pump, column 

compartment (reverse phase C18 Luna column (Phenomenex, USA, 250 x 4.6 mm; 5 m)), and 

photodiode array detection (DAD) (Agilent Technologies, USA). Before injecting into the 

HPLC, the extracts were filtered through a 0.2-μm filter. The mobile phase solvents were: A- 

0.1 % formic acid: methanol (9:1; v/v) and solvent B- methanol. Chromatography was 

performed at 0.8mL/min flow rate. The gradient program was set: 5% B for 1 min, a linear 

gradient to 50% B for 34 min, then to 100% B for 5 min, the isocratic elution for 4 min, 

followed by a min ramp back to 5 % B and re-equilibration for 6 min. The λ Absorbance 

Detector used for identification of peaks was set at 254 nm (sampling rate: 1.0/s) (Figure) [18]. 
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Figure 7. HPLC chromatogram peaks of the flavonoids and anthocyanins identified from the 

five varieties of Ontario grown onions namely A) Fortress B) Lasalle C) Safrane D) Stanley E) 

Ruby Ring at 254 nm. 

2.6. Quantification of Flavonoid Standard  

       The quantification of each flavonoid standard compound was determined by HPLC by 

taking the average of six runs. The standard curves were established to determine the ranges of 

flavonoid concentration present in each of the five varieties as reported by others [99, 100, 
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101]. The dilution of the flavonoid standards concentrations ranged from 6.25ppm (part per 

million) to 200ppm. Quercetin 3 4'-diglucoside, kaempferol-3-glucoside, quercetin 3- β- D 

glucoside, quercetin, isorhamnetin, kaempferol, myricetin and quercetin 3-glucoside, were 

used as standard controls. The peak areas were integrated and this data was used to quantify 

the compounds in the samples [44].  

2.7. Total Polyphenols 

       The Folin-Ciocalteu (FC) assay method measures the total phenolics by oxidation or 

reduction (redox) reaction. This assay principle is based on the transfer of single electrons from 

phenolic compounds to molybdenum in an alkaline medium forming blue complex which can 

be visualized spectrophotometrically at 750-765 nm wavelength. The total polyphenols were 

measured calorimetrically using the Folin-Cicocalteau method with slight modifications [45]. 

The onion extract samples were oxidized with 0.2N Folin-Ciocalteau reagent, and the reaction 

was then neutralized with 7.5% sodium carbonate. The mixture was mixed thoroughly in a dark 

condition at room temperature, and after 30 min of incubation the optical density (OD) was 

measured at 760 nm. The optical density values were measured with a plate reader (ELISA 

plate reader, Amersham Biosciences Corp., USA). Quantification of the total polyphenolic 

content in each of the extracted samples was determined based on a Gallic acid standard curve, 

and the results obtained were calculated as mg of Gallic acid equivalents (GAE) per gram of 

dried weight (DW) of the onion extract samples. 

2.8. Total Flavonoid assay 

       The total flavonoid contents were measured by the aluminium chloride colorimetric assay 

method with slight modifications as reported by Cheng et al., (2013). 100µL of 10% aluminium 

chloride and 100 µL of 1M potassium acetate were added to 500 µL of the extracted samples. 

2.8 mL of deionized water was diluted to the sample reaction mixture. The samples were then 
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incubated for 30 minutes at room temperature. The optical density (OD) was measured against 

a blank without reactants at 415 nm by a plate reader (ELISA plate reader (Amersham 

Biosciences Corp., USA). The total flavonoid content was expressed as mg quercetin 

equivalent (QE) per gram of dry plant. 

2.9. Antioxidant assays 

       The total antioxidant activity was determined by using various assays, namely DPPH 

radical scavenging activity assay (2,2-diphenyl-1-picryl-hydrazyl-hydrate), ABTS radical 

scavenging assay (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid), Ferric Reducing 

Antioxidant Power (FRAP) assay, Total Antioxidant Capacity (TAC) colorimetric assay, Lipid 

Peroxidation (MDA) assay and Oxygen Radical Absorbance Capacity (ORAC) assay.  

2.9.1. DPPH Radical Scavenging Activity assay (2,2-diphenyl-1-picryl-hydrazyl-hydrate): 

          DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) assay was performed according to the 

method reported by Floegel et al., (2011) with slight modifications. 500µL of the sample 

extract was added to 3 mL of absolute ethanol. 50µM of DPPH was added to the mixture and 

incubated for 30 min in dark conditions. During this method, the DPPH reacts with the 

antioxidant compounds, and the colour changes from deep violet to light yellow. The 

absorbance was read at 517 nm in a UV Visible spectrophotometer. This assay method was 

used to determine the free radical scavenging activity of the extracted onion samples. Ascorbic 

acid and Quercetin were used as standard controls in this experiment. Deionized water was 

used as blank. Each of the extracted samples were analysed in triplicates and the percentage of 

inhibition (%) was calculated.  
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2.9.2. ABTS Radical Scavenging assay (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic 

acid):  

          The ABTS radical scavenging assay method was performed according to the method 

explained by Rael et al., (2004) with slight modifications. ABTS [2,2′-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)] radical cation (blue/green ABTS•+ chromophore) is 

generated through the reaction between potassium persulphate and ABTS. Briefly, a stock 

solution was prepared with 7.4mM ABTS•+solution and 2.6mM potassium persulfate solution. 

To obtain a standard working solution, the two stock solutions were mixed and added in equal 

quantities and was allowed to react in dark conditions at room temperature for 12 to 16 h. 

ABTS radical cation solution was generated. After the incubation period, the ABTS•+solution 

was diluted with 80% ethanol to an absorbance of 0.70 at 734 nm using the spectrophotometer, 

and equilibrated at 30°C. Fresh ABTS•+solution should be prepared before each time of the 

assay. 100µL of the extracted samples was added to the 1000µL of the prepared ABTS reagent 

solution. The diluted reaction mixture was then incubated for 10 mins at room temperature in 

the dark. Then the absorbance was taken at 734nm, using a microplate reader. Deionized water 

served as blank. Each of the extracted samples were performed in triplicates, and the percentage 

of inhibition (%) was calculated. Standard controls used for this experiment was ascorbic acid 

and quercetin. 

2.9.3. Ferric Reducing Antioxidant Power (FRAP) assay 

         The FRAP assay is based on the reduction of FeIII+ to FeII+ due to the presence and action 

of the antioxidants present in the extracted samples. This assay was performed according to the 

method described by Szydlowska-Czerniak et al., (2008) with some modifications. 0.25 µL of 

the different sample extract solutions were mixed with 250µL of 200mM of phosphate buffer 

and 250µL of potassium hexacyanoferrate [K3Fe(CN)6]. The solution was mixed well and 
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incubated in a hot water bath for 20 min. The reaction was stopped by adding 0.25mL of 

trichloroacetic acid (TCA) solution (10% w/v). The tubes containing the reaction mixtures were 

then centrifuged for 10 min at 15,000g. The supernatant was taken out and mixed with ferric 

chloride (FeCl3) solution and 500µL of distilled water. The absorbance of the solution was 

measured at 593 nm against blank, to determine the reducing power. Ascorbic acid (0µg/mL 

to 200µg/mL) acid was used as a standard, and the OD values were analysed and calculated 

with those standards. The standard control used for this experiment was Ascorbic acid. The 

standard curve was linear between 0µg/mL and 200µg/mL. The resulted OD values were 

analysed and calculated with those standards. 

2.9.4. Total Antioxidant Capacity (TAC) Colorimetric assay  

        The Total Antioxidant assay (TAC) assay was determined by using a total antioxidant 

capacity calorimetric assay kit. 0.1ml of the extracted onion samples were taken and diluted 

with 0.1ml of the given protein mask (1:1). One part of Cu2+ reagent was diluted with 49 parts 

of the assay diluent. Dilute enough of the working solution for the experiment. Add 0.1mL of 

Cu2+ of the working solution prepared to the wells containing the protein mask and the extracted 

sample solutions. The plates were covered and incubated for 90 min at room temperature. The 

absorbance was read at 570nm using a microplate reader. Trolox (6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid) a water soluble vitamin E was used in biological or 

biochemical applications to decrease the effect of oxidative stress. Trolox was used as a 

standard and all the samples were measured in trolox equivalents (mMTrolox equivalent). 

2.9.5. Lipid Peroxidation (MDA) assay 

        Lipid peroxidation forms malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) as a 

natural by-product. A total of 100µL of the extracted onion samples were added to centrifuge 

tubes containing 0.3mL of the reagent 1 solution. The solution mixture was then incubated at 
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90ºC for 30 minutes. After the incubation period, the samples were taken out and cooled in ice 

and centrifuged at 10,000xg for 10 minutes at 25ºC. The supernatant was taken out, and 200µl 

of the supernatant solution was added to 96-well microplates and the absorbance was measured 

at two wavelengths; 532nm and 600nm. The Lipid peroxidation (MDA) nmol/g was calculated. 

2.9.6. Oxygen Radical Absorbance Capacity (ORAC) assay 

         Free radicals and reactive oxygen species (ROS) are highly reactive molecules that are 

generated by UV irradiation, normal cellular processes or by environmental stress. These free 

radicals and ROS species react with cellular components by damaging the DNA, proteins and 

lipids, leading to cellular and tissue injury. The ORAC (Oxygen Radical Absorbance Capacity) 

antioxidant assay is used for measuring the antioxidant capacity of the flavonoids extracted 

from the Ontario grown onion varieties. This assay was performed by using a ORAC assay kit 

purchased from cell bio labs, Inc. 150µL of 1X fluorescein solution was added to 25µL of the 

extracted sample solutions present in 96-well microplates. The wells containing the solution 

mixture was mixed thoroughly and incubated at 37ºC for 30 minutes. By using a multichannel 

pipette, 25 µL of free radical initiator solution was added into microtiter plates. To ensure 

homogeneity, the reaction mixture was mixed thoroughly. After mixing, the sample solutions 

were read immediately in a fluorescent microplate reader with an excitation wavelength of 

480nm and an emission wavelength of 520nm at 37ºC. The plates were read in increments 

between 1 and 5 minutes for a total of 60 mins. The µMole Trolox equivalents (TE) of the 

samples were calculated by comparing the standard curve, and the results were expressed as 

TE per L or g of sample. The area under the curve (AUC) for each of the samples and standards, 

was calculated using the final assay values and the linear regression formula. 
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2.10. Cell Culture 

         Caco-2 human colorectal adenocarcinoma cell line received from the American Type 

Culture Collection (ATCC) (Rockville, MD) was grown in MEM media, and this growth media 

was supplemented with 1% non-essential amino acids,4 mM l-glutamine, 10% heat inactivated 

fetal bovine serum (FBS), 100 IU/mL penicillin and 100 µg/mL streptomycin. Caco-2 cells 

were maintained in this MEM media. The final concentration of the D-glucose used for this 

study was 4 g/L. The human colorectal adenocarcinoma cells were grown in a T75-cm2 culture 

flask in 5% CO2 in a humidified atmosphere at 37°C. The MEM media was changed three 

times a week and the cells were passaged at approximately 80% confluency. By using a Tryple 

Express, the Caco-2 cells were harvested and collected by centrifugation at 200 x g for 5 

minutes. The cells at passage numbers 28-35 were used for the experiments [39]. 

2.11. Caco-2 Cell Proliferation by MTS Colorimetric assay 

        The cytostatic capacities of the extracted onion samples were determined by measuring 

the Caco-2 growth using the MTS colorimetric assay. Briefly, the Caco-2 human colorectal 

adenocarcinoma cells in growth media were seeded in a tissue culture-treated, 96-well plate at 

a density of 1.5 x 104 cells per well. The cells were undisturbed for 24 hours for cell attachment. 

After the incubation period (24 h), the growth media was gently aspirated and the media 

containing each of the five onion extracts was added at different concentrations. Flavonoids 

standards namely myricetin, quercetin, and kaempferol, were used as standard controls to 

determine the cytostatic properties of the five onion extracts. The standards were dissolved in 

DMSO (0.5% (v/v)) and further diluted with cell culture media for experimental use. The 96-

well plate was incubated in 5% CO2atmosphere at 37°C for 72 h, and was washed gently with 

PBS prior to the addition of the MTS dye ((3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium). After a 3-hour incubation period, 
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the absorbance was measured by means of an xMark spectrophotometer (Bio-rad; Hercules, 

CA) at 490 nm [39]. 

2.12. Determination of Osmotic Lysis and Cytotoxicity 

        The cytotoxicity activity of different onion extracts on the Caco-2 human colorectal 

adenocarcinoma cells were determined by Lactate dehydrogenase (LDH) assay. The 

supernatant level of this enzyme was assessed, which is an indicator of Caco-2 cell death.  The 

Caco-2 cells (approximately 1.5 x 104 cells per well) were seeded in a tissue culture-treated, 

96-well plate. After the seeding of the cells, the 96-well microplate was left undisturbed for 24 

hours for the attachment of the cells. The old growth media present in the microplate was 

aspirated carefully, and was replaced with new growth media containing the sample extracts at 

various concentrations. The Lactate dehydrogenase (LDH) enzyme activity was determined 

after 72 h. For removal of any cell precipitate and debris, the plate was centrifuged at 600 x g 

for 10 minutes. 10 µL of the debris free medium was then transferred to a 96-well plate. To 

determine LDH levels, 100 µL of a water soluble tetrazolium salt dye was added to the 

supernatant sample. The absorbance was measured at 450 nm after a 30-minute incubation with 

a xMark spectrophotometer (Bio-rad; Hercules, CA) [50]. 

2.13. Induction of Apoptosis in Human Colorectal Adenocarcinoma Cells 

        Expressions of the executioner caspases, namely caspases 3 and 7, were used to determine 

the presence of bioactive properties of the onion extracts which were capable of inducing 

apoptosis. In brief, a total of 1.5 x 104 Caco-2 cells per well were seeded in a clear round 

bottom, black 96-well microtiter plate. The plate was then left undisturbed for 48 hours in a 

5% CO2 atmosphere at 37°C, after which the old MEM growth media was aspirated. As 

previously described, the media containing the various extract treatments were added to the 96-

well plate. After 24h incubation period, the treatment medium was replaced with 100 µL of 
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phenol free RPMI:F12 (1:1 ratio) medium, supplemented with 5% FBS, 2mM l-glutamine, and 

the CellEvent™ Caspase-3/7 Green Detection Agent at a final concentration of 7.5 µM. The 

cells were incubated for 30 minutes, after which, high content imaging was performed by using 

a Cytation 5 multimode plate reader (Biotek, Winooski, VT) [49]. 

2.14. Cell Migration 

        A cell migration assay was performed to determine the effect of extracts in inhibiting the 

invasive progression of human colorectal adenocarcinoma cells. This assay method was 

performed by using an Oris™ cell migration assay kit. This kit consists of a 96-well plate, 

provided with round bottom silicone stoppers that create a 2 mm diameter exclusion zone. The 

Caco-2 cells of 1 x 105 cells/well were seeded in the wells and were left alone for their 

attachment for 24 hours. After this time of incubation, the silicone stoppers were removed 

carefully and the plate was imaged to capture the exclusion zone at time 0. The media which 

contained the extract treatments was then added to one day-old growth media. The plate was 

again incubated for another 72 h, after which high content imaging of the exclusion zones were 

performed by using a Cytation 5 multimode plate reader. 

2.15. Statistical Analysis 

        All the data was expressed as mean ± standard errors. One-tailed t-tests and One-way 

ANOVA, were performed by using R statistical programming software. The correlations 

between antioxidants and total flavonoid and phenolic content were also determined. 

Comparisons among treatments were calculated using Tukey's HSD (honest significant 

difference) test as a post hoc test.  A P-value less than 0.05 (p<0.05) was considered significant. 

All the results reported here were the average of three repeats on three different samples.   
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3. RESULTS AND DISCUSSION 

3.1. Extraction and Quantification of Flavonoids by HPLC Analysis 

     Use of organic solvents such as ethanol, methanol, and chloroform for the extraction of 

naturally occurring plant phenolics from herbs, spices and food, has been widely followed. The 

presence of organic solvents in the final end products has made it difficult for human 

consumption of these products. There has been a great demand for the eco-friendly extraction 

process, which is efficient as well as produces high-quality extracts without the presence of 

any solvents. In this study we used the pressurized low polarity water extraction technique to 

isolate the flavonoids from Ontario grown onions. Then, the antioxidant and anti-proliferative 

activity of these flavonoids were determined using in vitro assays 

      Identification of plant phenolic was determined by using HPLC-DAD technique, and by 

comparing the retention time of the unknowns with that of the standards. By using the HPLC 

chromatography, the main flavonoids present in the onion extracts were identified and 

quantified as mg/kg of dried onion sample. Figure 7, shows a typical chromatogram of the 

flavonoids and it is observed that anthocyanins are present in all the five varieties of onion 

samples. Table 1 and Table 2 show the list of flavonols and anthocyanins compounds identified 

from the bulbs of Ontario grown onion varieties according to the retention time. Table 3, shows 

the concentration of the individual total phenolic compounds for each onion varieties expressed 

as mg/kg dried onion sample. 
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Table 1: List of flavonoids compounds identified from the bulbs of the onion varieties. 

S.No tR (min) Identification (Flavonols) 

1. 21 Quercetin 

2. 25.2 quercetin 3 4'-diglucoside 

3. 19 quercetin 3-β-D-glucosidea 

4. 12,30 quercetin 3-O-glucosidea 

5. 22.78 quercetin 7,4′- diglucoside 

6. 32.2 quercetin 4-O-glucoside 

7. 20 myricetin 

8. 26.7 isorhamnetin 3,4′-diglucoside 

9. 35.8 isorhamnetin 4′- glucoside 

10. 29 kaempferol 

11. 33.11 kaempferol 3-O-glucoside 

a also known as isoquercitin; tR = retention time 

Table 2: List of flavonoids compounds identified from the bulbs of the onion varieties. 

S.No tR (min) Identification (Anthocyanins) 

1. 22 cyanidin 3-(6"-malonylglucoside) 

2. 29 delphinidin 3-glucoside 

3. 30 petunidin glucoside 

4. 32 delphinidin aglycon 

5. 19 delphinidin glucosylglucoside 

 

 



37 
 

Table 3: Concentration of the total polyphenolics present in each of the Ontario grown 

onion varieties (mg/kg dried onion sample). 

Compounds Safrane 

(mg/kg 

dried 

onion 

sample) 

Fortress 

(mg/kg 

dried 

onion 

sample) 

Lasalle 

(mg/kg 

dried 

onion 

sample) 

Ruby 

Ring 

(mg/kg 

dried 

onion 

sample) 

Stanley 

(mg/kg 

dried 

onion 

sample) 

p-value 

isorhamnetin 50±0.6 6.2±0.07 140±1.68 0 20±0.24 0.0001 

quercetin 26±0.28 16±0.17 0 11±0.1 46±0.50 0.0001 

kaempferol 180±2.34 100±1.3 0 0 7.6±0.09 0.0001 

quercetin 3-β-D-

glucoside 1.5±0.00 0 8.2±0.12 0 5.4±0.08 

 

0.0005 

kaempferol 3-O-

glucoside 120±2.4 110±2.2 0 0 100±2.0 

 

0.0006 

myricetin 0 20±0.32 30±0.48 0 70±1.12 0.0005 

quercetin 3-O-

glucoside 170±3.4 330±6.1 100±2.3 0 500±6.5 

 

0.0006 

quercetin 3,4′-

diglucoside 69±1.42 76±1.3 45±1.1 0 70±1.5 

 

0.0009 

cyanidin 3-(6"-

malonylglucoside) 0 0 0 17±0.016 0 

 

delphinidin 3-

glucoside 0 0 0 65±0.067 0 

 

 

        From HPLC chromatograms (Figure 6), 11 flavonoids and 5 anthocyanin peaks were 

found in the extracted samples, which was similar to previously reported literature in Italian 
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onion varieties by Tedesco et al., (2015). From the HPLC chromatograms it was seen that 

quercetin and its glucosides were predominant and were the highest in all the tested yellow 

onion varieties, especially quercetin glucoside. Quercetin and its glucosides being the most 

abundant in all the yellow onion varieties, accounted for >80% of the total flavonoid content. 

The results obtained from HPLC chromatography revealed that the yellow onion variety named 

Stanley, showed the highest flavonoid content (819 mg/kg dried onion sample with a large and 

sharp peak observed in Figure 7). Since the red onion variety contains anthocyanins, the Ruby 

Ring variety showed the second highest in the total flavonoid content among all the onion 

varieties tested. These results are in agreement with previously reported literature [51], which 

indicated that the extraction solution has influence in the recovery of phenolic compounds due 

to its polarity. A study reported by Lu et al., (2011) suggested that quercetin (a flavonoid 

compound) content ranged from 367.81 to 653.19 mg/kg fresh weight (fwt) and represented 

more than 85% of total flavonoid content. 

     The HPLC chromatogram observed from Figure 6 shows the flavonoid peaks between 10 

and 40 min which indicate the total flavonol compounds in the onion varieties. This data is in 

accordance with previously reported research [51, 52, 53, 18]. From Figure 6, a total of 11 

flavonoids from yellow onion variety and 5 anthocyanins were identified from the red onion 

variety. Flavonoids, namely quercetin, quercetin 3 4'-diglucoside, quercetin 3-β-D-glucosidea, 

quercetin 3-O-glucosidea, quercetin 7,4′- diglucoside, quercetin 4-O-glucoside, myricetin, 

isorhamnetin 3,4′-diglucoside, isorhamnetin 4′- glucoside, kaempferol, and kaempferol 3-O-

glucoside with the retention times 21, 25.2, 19, 12,30, 22.78, 32.2, 20, 26.7, 35.8, 29, 33.11 

were identified from the yellow onion varieties. Anthocyanins, namely cyanidin 3-(6"-

malonylglucoside), delphinidin 3-glucoside, petunidin glucoside, delphinidin aglycon, and 

delphinidin glucosyl glucoside with retention times 22, 29, 30, 32, 19 were identified from the 

red onion variety. Quercetin and their derivative flavonoid compounds was the major peak 
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observed in the yellow onion varieties, and cyanidin 3-(6"-malonylglucoside) was found as the 

major peak at 22 tR (min) (retention time) in the red onion variety tested (Table 1 and Table 2).  

          The total flavonoid concentration found in the yellow onion varieties detected from 

HPLC-UV/vis analysis ranged from 323.2 to 819 mg/kg dried onion sample, is a summation 

of all the compounds namely quercetin, quercetin 3 4'-diglucoside, quercetin 3-β-D-glucoside, 

quercetin 3-O-glucoside, quercetin 7,4′- diglucoside, quercetin 4-O-glucoside, myricetin, 

isorhamnetin 3,4′-diglucoside, isorhamnetin 4′- glucoside, kaempferol and kaempferol 3-O-

glucoside, and this showed a total of more than 80% (Table 3). When compared to previously 

reported literature, our results were found to be significantly less than those reported by Lu et 

al., (2011) and Rhodes and Price (1997). Usually, the variation found in the total flavonoid 

concentration may be due to various factors such as cultivation conditions (such as weather), 

harvest period and plant location. The cultivation condition plays the important role in 

establishing the concentration of flavonoids. Quercetin content found in onions is mainly a 

relation to various factors such as cultivation condition, genetic factors, processing conditions 

and the storage. A study reported by Lachman et al., (2003) suggested that the flavonoid content 

was higher during the storage period of 36 weeks. Therefore, it is always necessary to select 

onions with high quercetin content which is stable and bioavailable in order for improving 

nutritional properties for consumer health benefit. 

    Flavonoid compounds present in the outer layers of onions are found to be higher in amount 

when compared to the edible portion, hence peeling the outer layers will result in great losses. 

This is in agreement with previously reported study by Hertog et al., (1992). The results 

obtained from the present study reported lower quercetin content when compared to previous 

reported studies, and this is mainly due to the removal of the outer layers (skins) of onions. 

One of the major advantages of the skins of onions is that it protects the plant from ultraviolet 

(UV) radiation damage. The major flavonoids found in the outer layer (skins) of onions are 



40 
 

aglycones, and are due to the flavonoid glucoside hydrolysis that occurs during the peel 

formation. However, it is always better to extract from the edible portion i.e. the bulb of onions, 

because the flavonoids may degrade or evaporate or be washed out during handling. Thus, in 

general the bulb and edible portion contain a wide range of quercetin with higher 

concentrations of quercetin glucosides from the inner scale to the outer scales. These results 

are also in accordance with a study reported by Patil et al., (1995) which suggested that higher 

quercetin amounts were found in the red and yellow onion varieties.  A study reported by 

Sellapan et al., (2002) also indicated that quercetin was the major flavonoid compound present 

in the onion varieties tested. 

3.2. Total Polyphenol Content 

       The plant kingdom is a very good source to produce a range of natural antioxidants. 

Polyphenols present in the plant extracts react with a redox reagent Folin-Ciocalteu (FC), 

forming a blue complex which can be quantified by using a visible-light spectrophotometry. A 

standard method was used to determine the total phenolic content of this plant material; the FC 

assay method. This assay method resulted in the transfer of electrons from the phenolic 

compounds and other reducing substances, present namely ascorbic acid to the reagent 

containing phosphomolybdic acid complexes, which results in the formation of a blue colour 

complex. This assay is based on the standard curve of Gallic acid and expressed as mg of gallic 

acid equiv (GAE)/g of sample. The concentration of the total phenolic content of the extracted 

sample was calculated as mg of gallic acid equivalent by using an equation obtained from gallic 

acid calibration curve. Since this assay method measures the total phenolics by reducing 

capacity of plant extracts, it is very useful for determining antioxidant activity [56]. 

     The PLPW extraction technique has increased the concentration of the total polyphenols 

and total flavonoids present in the onion bulb extract. Figure 8 shows the total phenolic content 
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(TPC) present in the five onion varieties tested. From the figure we can conclude that the 

maximum phenolic content was obtained from the red onion variety (Ruby Ring) 1.95±0.05 

mg of gallic acid equiv (GAE)/g of sample, and found to be significant (p<0.05), followed by 

the other yellow onion varieties tested, namely Stanley (1.69±0.13), Safrane (1.62±0.1), 

Lasalle (1.28±0.2) and Fortress (1.27±0.15). A statistical significant difference was seen in the 

total polyphenols present in various onion samples tested (p<0.05). A 0.3-fold difference was 

seen in the total polyphenols between Ruby ring, the red onion variety which is the highest 

ranked, and Fortress, the yellow onion variety (lowest ranked). In the study, different levels of 

antioxidant properties were observed, and this may be due to the presence of phenolic acid 

components. In addition, the hydroxyl groups present in the phenolic compounds directly 

contribute to the antioxidant activity and play a very important role in scavenging free radicals. 
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Figure 8: Determined total phenolic content from the five onion varieties namely Lasalle 

(LAS), Fortress (FOR), Ruby Ring (RR), Stanley (STA) and Safrane (SAF). The results were 

calculated as mean ±SD, n= 5. 

        A method reported by Lee et al., (2014) stated that the total phenolic compounds extracted 

from onions by sub critical water extraction technique at two different temperatures 110ºC and 

165ºC, were found to be 218.73±5.68 and 56.68±2.28 (mg of gallic acid/g of the extract).  

Rodríguez et al., (2008) studied total polyphenolic contents from Tenerife (Texas, Masca, 

Guayonje, San Juan, Carrizal Bajo and Carrizal Alto) onion samples and revealed that the total 

phenolic content present in these samples ranged between 25.2 and 75.9 mg/100 g. Our present 

research study indicated that the total phenolic content ranged between 127.9 to 195.1 mg/100 

g, which is higher than the study reported on Spanish onion varieties. A study was performed 

on white, yellow, red, sweet onions and Shallot (USA) onions, and stated that the total 

polyphenolic content varied between 142 to 428 mg/100g [52]. Siddiq et al., (2013) reported 



43 
 

at 60°C heat treatment, the yellow onions showed significant increase in the total polyphenol 

content, and the results ranged from 44.92 to 52.32 mg gallic acid equivalent (GAE) /100 g. 

Thus, the total phenolic is not only based on the absolute measurements of the total amounts, 

but also based upon their chemical reducing capacity relative to gallic acid.  

3.3. Total Flavonoid Contents 

       The analysis for determining the total flavonoid contents using aluminium chloride (AlCl3) 

provides a better understanding for determining the flavonoid content present in the onion 

varieties. Flavonoids are bioactive components that have potential health benefits. The capacity 

of flavonoid compounds to act as antioxidants mainly depends on their molecular structure. 

The position of hydroxyl groups in flavonoids along with the other chemical structures, play a 

vital role for their free radical scavenging and antioxidant activities. Quercetin present 

abundantly in most of the onion varieties is because it has the right structural features of free 

radical scavenging activity.  
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Figure 9: The total flavonoid content present in the five onion varieties namely Lasalle (LAS), 

Fortress (FOR), Ruby Ring (RR), Stanley (STA) and Safrane (SAF). The results were 

calculated as mean ±SD, n= 5. 

     Figure 9, shows the total flavonoid content present in the onion varieties tested. The highest 

total flavonoid content was seen in the yellow onion variety, named Stanley (p<0.05), at 

0.33±0.03mg of quercetin equiv/g of sample, followed by the other onion varieties tested, 

namely Ruby Ring (0.29±0.02), Fortress (0.15±0.02), Safrane (0.13±0.03) and Lasalle 

(0.12±0.02). A statistical significant difference was observed in the total flavonoid content in 

the tested onion samples (p<0.05). A 2-fold difference between Stanley (highest ranked) and 

Lasalle (lowest ranked) was observed. The variation observed in the tested onion samples may 

be due to the environmental condition or geographic distribution that modifies the constituents 

of the onion plants.  
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      A study reported by Yang et al., (2004) suggested that the highest total flavonoid content 

was observed in the Western Yellow onion variety with an 11-fold difference compared to the 

other onion varieties tested. Rhodes and Price (1996) reported that the total flavonoid contents 

for red, pink, and brown onion cultivars were 91.8, 71.1, and 80.3 mg/100 respectively. In the 

current study, the flavonoid content for the Ontario grown onions varieties were found to be 

15.6, 12.2, 29.0, 13.6 and 33.7 mg/ 100 g for Fortress, Lasalle, Ruby Ring, Safrane and Stanley 

respectively. A study conducted by Galdon et al., (2008) observed that the total flavonoid 

content for Spanish grown onion varieties ranged between 7 to 9 mg/100 gm. The absence of 

flavonoid contents observed in some onion cultivars may decrease their importance for 

potential health food product. A study conducted on Indian onion varieties, namely Punjab 

White, Punjab Naroya, PRO-6 and commercial variety, reported the total flavonoid content 

values ranged between 10.0 to 13.2 mg/100 g which was less when compared to some of the 

European and American onion varieties [60]. The results presented by Lee et al., (2014) stated 

that the total flavonoid contents extracted from onions through sub critical water extraction 

technique at 110ºC and 165 ºC, were found to be 119.5±10.43 and 27.1±2.05 (mg of quercetin/g 

of the extract) respectively. There may be a difference observed in the present research between 

the total phenolic and flavonoid contents due to their genetic or growing conditions, such as 

climate and harvest seasons variation. The two main factors which play a vital role in the 

composition of polyphenols, is genetics and environment. In the present research study, Ruby 

Ring, which is the red onion variety, showed the highest phenolic, flavonoid and antioxidant 

activities.  

3.4. Antioxidant assays 

      In our daily life free radicals are generated within our body and we can normally handle 

these free radicals without the presence of antioxidants. However, if there is an excessive 

production of these free radicals, it leads to cellular damage. Free radicals cause mutation to 
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cells, damages immune function, and causes aging and wrinkles which may contribute to 

various chronic diseases such as cancer, cardiovascular disease, arthritis, Alzheimer's and 

Parkinson's disease. Normally, free radicals are caused by the body's own natural processes. 

Free radicals carry an unmated electron which looks to pair up with another. By catching an 

electron from a neighbouring molecule, it can set off chain reactions that damage cellular 

structures and DNA. 

        The radical scavenging activities of various onion sample extracts were determined by 

using various antioxidant assays namely DPPH, ABTS, TAC Colorimetric, Lipid peroxidation, 

ORAC and FRAP. Oxidative stress is extensively known for their pathological effects in 

different chronic diseases such as cancer, diabetes and heart disease. Generally, it occurs during 

an increased formation of free radicals. The balance between the antioxidants and ROS is 

altered under oxidative stress. Oxidative stress damages cellular components such as lipids, 

proteins and nucleic acids. Cellular injury in plants happens due to lipid peroxidation. This is 

used as an indicator of oxidative stress in cells and tissues. Lipid peroxides are unstable and 

hence they decompose to form a complex set of compounds including reactive carbonyl 

compounds. Polyunsaturated fatty acid peroxides generate malondialdehyde (MDA) and 4-

hydroxyalkenals (HAE) upon decomposition. The measure of MDA and HAE in the solution 

is an indication of lipid peroxidation. However, there is a broad range of model systems for 

evaluating antioxidant activities, and generally the choice depends upon the structures of the 

constituents present in the extract. Previous research studies have suggested that there are 

differences in the antioxidant activities of phytochemicals when they tested in a different model 

system [61]. Hence, in the current study, the antioxidant activities of the extracts were 

determined by using various antioxidant assays.  
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3.4.1. DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) Radical Scavenging Activity assay 

        The DPPH radical scavenging activity assay method is the most preferred assay method 

because it is fast, easy and inexpensive. This method does not require any special reaction or 

device. This assay method works in electron transfer as well as hydrogen transfer systems, and 

allows one to determine the substance which donates either hydrogen atoms or electrons in a 

homogeneous system. The free radicals which are stable, do not disintegrate in water or organic 

solvents such as methanol or ethanol. The free radical scavenging activities of the sample 

extracts mainly depends on the ability of antioxidants to lose their hydrogen as well as the 

structural confirmation of these compounds.  At a wavelength of 517nm, the DPPH free radical 

receives an electron or hydrogen from the antioxidant molecules. This becomes a stable 

diamagnetic molecule. The binding of H by the DPPH radical, is considered to possess a radical 

scavenging activity.  

       The DPPH is dissolved in solvent methanol because in the presence of an antioxidant 

molecule, the DPPH gets converted to DPPH-H (diphenylhydrazine) molecules. The loss of 

colour in the solution is because of the reducing quantity of DPPH radicals in the environment, 

and reflects the radical scavenging activity of the plant extract. 

DPPH*+ A-H          DPPH-H + A* 
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Figure 10: The DPPH radical scavenging activity (% of inhibition) for the five different 

Ontario grown onion varieties Lasalle (LAS), Fortress (FOR), Ruby Ring (RR), Stanley (STA) 

and Safrane (SAF). The data collected for three different experiments is calculated as mean 

±SD, n= 5; p<0.05. 

       From Figure 10, it was observed that the Ruby Ring red onion variety showed the 

maximum DPPH(2,2-diphenyl-1-picryl-hydrazyl-hydrate) radical scavenging activity when 

compared with the yellow onion varieties. The results obtained are similar to those of total 

polyphenols and flavonoid contents, which clearly states that higher phenolic content showed 

maximum antioxidant activity. According to a study reported by Shahidi and Naczk (2004) it 

was stated that the antioxidant activity of a food product depends mainly on the chemical nature 

of its constituents but not of the quantities, since the efficiency of the compounds varies. In this 

antioxidant assay method, the onion sample extracts reduce the stable DPPH radical to a yellow 

coloured diphenylpicrylhydrazine. Hence this assay is mostly related to the presence of the 



49 
 

phenolic hydroxyl group. The highest percent of inhibition 21.52±1.30 % (p<0.05) was 

obtained in the red onion variety (Ruby Ring), followed by the other yellow onion varieties, 

i.e. Safrane (11.1±2.89%), Lasalle (15.46±3.88%), Fortress (13.44±4.19%) and Stanley 

(11.38±1.96%). Ascorbic acid and quercetin were tested to compare with the other onion 

samples, and the DPPH radical scavenging activity was found to be 94.24±0.37% for Ascorbic 

acid and 93.55±0.14% for Quercetin. This radical scavenging activity assay method showed a 

statistically significant difference for the various onion samples tested (p<0.05). A study 

conducted by Albishi et al., (2013) reported that the outer layer (skins) of the red onion variety 

expressed a higher amount of DPPH value (0.152 ± 0.004) than the outer layers of the yellow 

onions. Cheng et al., (2013) investigated Chinese grown onion varieties and stated that the 

highest DPPH radical scavenging activity was observed in the red onion variety, varying from 

41.22 ± 3.0% to 81.96 ± 1.10% compared to the other yellow onion varieties. Onyeoziri et al 

(2016) studied the DPPH radical scavenging activity of onions and found that the red onion 

variety showed the highest (66.45 % of DPPH) when compared to the other onion varieties and 

garlic that were tested. Hence, we can state that the red onion variety has a higher capability to 

destroy free radicals, compared to other onion varieties tested in the current study.  

3.4.2. ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) Radical Cation 

Decolourization 

      Generation of ABTS (blue/green), a highly stable chromophoric cation radical by peroxyl 

radicals or other oxidants in the presence of hydrogen peroxide (H2O2), can be reduced by 

antioxidant molecules. Antioxidant molecules can delay its absorbance. The reduction of 

ABTS which relies on the electron transfer, is observed. The ABTS assay is based on the 

activation of metmyoglobin along with H2O2 under the presence of ABTS to generate the 

radical cation in the presence/absence of antioxidant molecules. This generation of ABTS 

involves pre-formation of the radical cation before the addition of the antioxidant. 
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Figure 11: ABTS radical scavenging activity (% inhibition) for the five Ontario grown onion 

varieties Lasalle (LAS), Fortress (FOR), Ruby Ring (RR), Stanley (STA) and Safrane (SAF) 

The data collected for three different experiments is calculated as mean ±SD, n= 5; p<0.05. 

       Hydrogen peroxide (H2O2) and metmyoglobin forms a ferryl myoglobin radical. This 

ferryl myoglobin radical oxidizes the ABTS to give a radical cation, ABTS.+, which is a green 

coloured compound. The antioxidants that are present in the plant extracts control this reaction 

by an electron donor radical scavenging activity and hence, inhibit the formation of the 

coloured ABTS radical. The ABTS radical formation is inversely proportional to the 

concentration of antioxidants present in the onion extract samples. Figure 11 shows the ABTS 

radical scavenging activities of different Ontario grown onion varieties tested for the present 

study. The ABTS radical scavenging activity of Ruby Ring (red onion variety) showed the 

highest when compared to the other yellow onion varieties. Mostly, samples with greater 

phenolic content are more efficient as free radical scavengers. This ABTS (2,2'-azino-bis (3-

ethylbenzothiazoline-6-sulphonic acid) assay is used to test the compounds for their 
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antioxidant activities. The red onion variety Ruby Ring, exhibited the highest percentage of 

inhibition 95.8±0.3%, followed by the other yellow onion varieties tested, namely Stanley 

(85.7±4.7%), Safrane (84.19±1.67%), Fortress (76.32±3.63%) and Lasalle (72.7±0.72%). In 

this assay, Ascorbic acid and Quercetin were also used to determine the ABTS radical 

scavenging activity, and the results were found to be 96.06±0.2% and 95.93±0.18%. A 

statistical significant difference was observed in all the five Ontario grown onion varieties 

tested in the present study (p<0.05). A study conducted by Fidrianny et al., (2013) reported that 

compounds present in the onion bulbs extracted using ethyl acetate exhibited the highest ABTS 

capacity (49.03%). An increase observed in the radical scavenging activity may be due to the 

increase in total polyphenolic compounds. 

3.4.3. Ferric Ion Reducing Antioxidant Power (FRAP) assay 

       The Ferric Ion Reducing Antioxidant Power Assay (FRAP)is based on the ability of the 

reducing by electron-donating antioxidants from the yellow ferric tripyridyltriazine complex 

(Fe(III)-TPTZ) to the blue ferrous complex (Fe(II)-TPTZ) in an acidic medium. This is a very 

simple and rapid technique. 
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Figure 12: The reducing power activity expressed as mM ascorbic acid equivalent tested for 

the five different Ontario grown onion varieties namely Lasalle (LAS), Fortress (FOR), Ruby 

Ring (RR), Stanley (STA) and Safrane (SAF). The results were collected for three different 

experiments and were calculated as mean ±SD, n= 5; p<0.05. 

       Compounds having reduction potential react with potassium ferricyanide (Fe3+) to form 

potassium ferrocyanide (Fe2+). This reaction mixture then reacts with ferric chloride (FeCl3), 

to form a chemical complex at a maximum absorption at 593 nm. Figure 12 shows the reducing 

power activity of the different Ontario grown onion extracts tested for the present study. The 

red onion variety named Ruby Ring, exhibited the highest reducing power, 0.20±0.002 as mM 

(ascorbic acid equivalent), followed by the other Ontario grown onion varieties, namely 

Stanley (0.18±0.003), Fortress (0.08±0.005), Safrane (0.06±0.003) and Lasalle (0.04±0.005). 

The data from these assays stated that the red onion variety Ruby Ring exhibited the highest 

radical scavenging activity when compared with other onion varieties tested. This data 
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collected from the current study indicates that there is a possibility in the relationship between 

the antioxidant activity, as well as with the total flavonoid and total polyphenolic contents of 

the tested extracted samples. A study conducted by Lu et al., (2011) suggested that the 

antioxidant activity of onions determined by ferric ion reducing assay, showed that the red 

onion variety had the maximum (5.76±0.47µmol Trolox/g) ferric reducing power. Trolox (6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) is a water soluble compound of 

vitamin E. It is an antioxidant like vitamin E and this compound is used for various biochemical 

applications to reduce oxidative stress. TEAC (Trolox equivalent antioxidant capacity) is a 

measurement for antioxidant strength based on Trolox and measured in units called as Trolox 

Equivalents (TE). Santas et al., (2008) reported a study on two Spanish grown onions, namely 

white onion and Calcot de Valls, and examined that the total polyphenolic content and 

antioxidant was high. The white onion extracts in the above study exhibited the highest 

antioxidant activity (86.6 ± 2.97 and 29.9 ± 2.49 µmol Trolox/g DW for TEAC and FRAP 

assays. These results specified that the antioxidant capacity of the plant extracts is due to their 

polyphenolic contents. 

3.4.4. Total Antioxidant Capacity (TAC) assay 

           Antioxidant molecules inhibit the oxidation processes which occur due to the presence 

of reactive oxygen species (ROS). The total antioxidant capacity assay is determined for 

investigating the relationship between the dietary antioxidant compounds and the pathologies 

induced by the oxidative stress. The estimation of the total antioxidant capacity (TAC) 

determines the additive antioxidant properties of plant foods. The total antioxidant capacity 

(TAC) tested for the five different Ontario grown onion varieties is seen in Figure 13. Ruby 

Ring, the red onion variety, exhibited the highest (0.382±0.036 mM Trolox equivalent), 

followed by the other tested onion varieties, namely Fortress (0.364±0.018mM Trolox 

equivalent), Stanley (0.333±0.007), Lasalle (0.313±0.003) and Safrane (0.312±0.01). Naturally 
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occurring antioxidants are multifunctional and the reason for this may be due to the presence 

of phenolic content. There is no statistical significant difference observed in all the five onion 

varieties tested (p>0.05). A study conducted by Venkatachalam et al., (2014) reported that the 

Indian red onion varieties exhibited the highest total antioxidant capacity (TAC) (48.78 mg/100 

g FW). These results suggest that the plant compounds containing high polyphenols provide a 

source of dietary antioxidant compounds.  

 

Figure 13: Total Antioxidant Capacity (TAC) assay expressed as mM trolox equivalent for the 

five different Ontario grown onion varieties Lasalle (LAS), Fortress (FOR), Ruby Ring (RR), 

Stanley (STA) and Safrane (SAF).  The results done were collected for three different 

experiments and calculated as mean ±SD, n= 5; p<0.05. 

3.4.5. Lipid Peroxidation Malondialdehyde (MDA) assay 

       Food products may contain pro-oxidants that can initiate lipid oxidation reactions such as 

transition metals and photosensitizers. Food products are exposed to UV light or thermal 
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processing that can initiate lipid oxidation reactions. All lipid peroxidation assays involve 

relevant oxidation substrates. The evaluation of the antioxidants should be based on measuring 

the changes in the concentration of compounds which are being oxidized, or the formation of 

oxidation products.  

 

Figure 14: Lipid peroxidation malondialdehyde (MDA) (nmol/g) forOntario grown onion 

varieties namely Lasalle (LAS), Fortress (FOR), Ruby Ring (RR), Stanley (STA) and Safrane 

(SAF). The results done were collected for three different experiments and calculated as mean 

±SD, n= 5; p<0.05. 

     Figure 14, shows the results for Lipid peroxidation malondialdehyde (MDA) assay, 

obtained from the five different onion varieties tested. Quantification of lipid peroxidation is 

very much necessary for determining the oxidative stress in pathophysiological processes. The 

MDA (nmol/g) was calculated according to the weight of the sample. Ruby Ring, the red onion 

variety, exhibited the highest of 987.52±25.491 MDA (nmol/g), followed by the other yellow 
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onion varieties, namely Safrane (674.40±9.406 MDA (nmol/g)), Lasalle (629.84+8.43 MDA 

(nmol/g)), Fortress (611.78+2.4 MDA (nmol/g)) and Stanley (578.06+59.62 MDA (nmol/g)). 

Statistical significant difference was seen in all the tested samples (p<0.05). The increase in 

the formation of free radicals is connected to the increase in lipid peroxidation [75]. Therefore, 

antioxidants play a major role in inhibiting the chain reaction of lipid peroxidation. A study 

conducted by Rosa et al., (1995) reported that in a dose-dependent manner, flavonoids reduced 

the amount of MDA. Onion peel extracted through ethanol extraction showed the highest 

inhibition of lipid peroxidation (%) (13.40±2.41), followed by that of the subcritical water 

extraction technique at a temperature 110ºC (5.34±0.22), and they were found to be statically 

significant [53]. A study conducted by Nuutila et al., (2003) suggested that the concentrations 

of onion peel extract for yellow onions at 80mg/mL by the solvent extraction method using 

methanol, resulted in 81% inhibition of lipid peroxidation studied in rat hepatocytes.   

3.4.6. Oxygen Radical Absorbance Capacity (ORAC) assay 

          The Oxygen Radical Absorbance Capacity (ORAC) assay method, is based on the 

inhibition of peroxyl radicals induced by oxidation, which is initiated by the thermal 

decomposition of azo-compounds, namely 2,2’-azobis(2-amidino-propane) dihydrochloride 

(AAPH) [70]. The ORAC assay method uses the fluorescence of B- or R-phycoerythrin, which 

is a fluorescent probe. Loss of fluorescence of the probe indicates the damage induced by the 

peroxyl radical. This assay method measures the antioxidant inhibition of peroxyl radical which 

is induced by oxidation. This indicates the radical chain breaking of antioxidant activity of 

compounds by H-atom transfer (HAT). 

        The ORAC assay method determines the time-dependent decrease in the fluorescence 

intensity of β-PE (beta-phycoerythrin) which is an indicator protein, and results from damaging 

oxygen radical. Naturally occurring antioxidants protect the fluorescent molecule from 
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oxidative degeneration, and each point reflects the level of antioxidant protection at that time 

which indeed is contributed by various antioxidants. This assay is very helpful because it takes 

plant extract samples with and without lag phases of their antioxidant capacities. In addition, 

this assay is very beneficial when measuring food supplements containing complex ingredients 

with slow and fast acting antioxidant molecules. The antioxidant capacity of the sample 

correlates with the fluorescence decay curve, which is usually represented as the area under the 

curve (AUC). The net AUC was measured by subtraction of the AUC of a blank from that of 

the anti-oxidative samples. This indicates the total antioxidant concentration of the samples 

tested. Figure 15, shows the ORAC radical scavenging activities for the onion varieties tested 

in the present study. Ruby Ring, which is the red onion variety, exhibited the highest net AUC 

(35.2±1.34 µM TE/g of the sample), followed by the other yellow onion varieties, namely 

Stanley (32±0.98 µM TE/g of the sample), Safrane (28±0.5 µM TE/g of the sample), Fortress 

(26.5±0.8 µM TE/g of the sample) and Lasalle (25.8± 1.2 µM TE/g of the sample). Statistically 

significant difference was observed in this assay for the various onion sample extracts tested 

(p<0.05)). The main reason for the differences observed here is likely the variation in the 

concentrations of the flavonoids in various layers of different types of onions. A study 

investigated by Vian et al., (2011) stated that the red onion variety exhibited highest ORAC 

value of 201 µmol TE/g when compared to the other varieties tested. Siddiq et al., (2013) 

conducted a study on fresh cut onions and found the ORAC value to be 62.49 µM TE/g of the 

sample. In addition, when studying the correlation between ORAC and total phenolic and 

flavonoids, a positive correlation was observed (R2=0.77, p=0.04; R2=0.89, p=0.01). 
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Figure 15: The oxygen radical absorbance capacity (ORAC) (µM trolox equivalent) for the 

five Ontario grown onion varieties: Lasalle (LAS), Fortress (FOR), Ruby Ring (RR), Stanley 

(STA) and Safrane (SAF) (mean ±SD, n= 5); p<0.05. 

        Due to the presence of various radicals from the extracted flavonoid solutions, we 

employed multiple antioxidant assays in our study.  However, the selection of these assays 

should be selected carefully in terms of their reliability and consistency. For this reason, the 

antioxidant assay should be applicable to both lipophilic and hydrophilic antioxidant 

molecules, Karadag et al., (2009). In addition, if the same antioxidant assay is carried out with 

the same food production, different laboratories can give different results. Hence, further 

characterization of the antioxidant assays and the correlations between these assay is very 

necessary. 
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3.5. Correlation between TPC, TFC and Total Antioxidant Activity of the Onion Extracts 

tested 

      Figure 16, shows linear correlations between total polyphenol content (TPC), total 

flavonoid content (TFC) and the total antioxidant activities. A poor correlation was seen 

between total flavonoid content between Ontario grown onions and their DPPH activity, and 

also between the total polyphenolic content and their DPPH activity (0.23 and 0.43 

respectively, p > 0.05). A positive correlation was found between total flavonoid content in 

onions and their FRAP activity (0.96), which indicates increased amounts of TFC in onions, 

leading to increased FRAP activity. An excellent linear correlation was observed between total 

polyphenolic content and ABTS activity (0.98), showing increased amounts of TPC in tested 

onions, leading to increased ABTS activity. Two linear regression relationships were 

developed for these antioxidant activities as shown below, and it was observed that both the 

relations were statistically significant. 

FRAP activity (as mM ascorbic acid equivalent) = 0.705 * TFC (as mg/g of onion as 

quercetin equivalent) – 0.032, R2 = 0.92, p<0.05                                                                    (1)  

ABTS activity (as a% inhibition) = 34.94 +30.64 TPC (as mg/g), R2 = 0.97, p<0.05            (2) 

Although a good correlation was observed between TFC and ABTS activity (0.72), the linear 

regression relation between these two parameters was not statistically significant.  

ABTS activity (as % inhibition) = 69.19 +66.16 TPC (as mg/g), R2 = 0.53, p<0.05              (3)  

Similarly, a good correlation between TPC and FRAP activity (0.82) was seen, but the linear 

regression relation between these two parameters was not statistically significant.  

FRAP activity (as mM ascorbic acid equivalent) = 0.205 * TPC (as mg/g of onion as 

quercetin equivalent) – 0.207, R2 = 0.67, p<0.05.                                                                  (4) 
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A very poor correlation was observed between Lipid peroxidation activity of onions and their 

total flavonoid contents (correlation coefficient = -0.35, p>0.05) and Lipid peroxidation and 

TPC (correlation coefficient=0.18, p>0.05). Similarly, a very poor correlation was observed 

between the total antioxidant activity of the onions and TFC (correlation coefficient=0.455, 

p>0.05), and total antioxidant activity of the onions and TPC (correlation coefficient=0.398, 

p>0.05). 

A very good correlation was observed between total polyphenolic contents and ORAC radical 

scavenging activity, and the linear regression relation between these two parameters was found 

to be statistically significant. 

ORAC radical scavenging activity (as µM TE /g of sample) = 13.152 * TPC (as mg/g of 

onion as quercetin equivalent) + 8.9317, R² = 0.8955, p-value<0.05.                                    (5) 

ORAC radical scavenging activity (as µM TE /g of sample) = 35.986* TFC (as mg/g of onion 

as quercetin equivalent) + 22.115, R² = 0.7745, p-value<0.05.                                              (6) 

A very good linear correlation was seen between TFC and ORAC radical scavenging activity, 

and the linear regression relation between these two parameters was statistically significant. 

       Our data was found to be in accordance with previously published research articles which 

stated that very good and strong correlations were observed between the total polyphenols, 

total flavonoids and antioxidant activities [73, 74, 75].  Thus, the technological processes, 

especially the extraction process, determine the quality of the flavonoids from onions. The five 

Ontario grown onion varieties tested for the current research study showed significant 

differences. Thus, in the present research study, the chemical characterization of polyphenolic 

content present in the five varieties tested, indicated that the phenolic enriched plant extract 

will exhibit strong antioxidant activity. In addition, it also states that synergistic combination 

of uncharacterized molecules explains the differences in quantification in biological activities 
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determined from the plant extracts of the different onion varieties. This research study also 

reported that successful screening and characterization of Ontario grown onion varieties will 

allow the producers to grow the best and preferred variety. In conclusion, these results will be 

beneficial for the development of biocompatible, biodegradable and eco-friendly antioxidant 

onion based food products.  
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Figure 16 A) Linear correlation between total phenolic content (TPC) and percentage (%) of 

antioxidant activity (ABTS scavenged effect) B) Linear correlations between total flavonoid 

content (TFC) and percentage (%) of antioxidant activity (ABTS scavenged effect) C) Linear 

correlation between TPC and percentage (%) of antioxidant activity (FRAP activity) D) 
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Correlation between TFC and percentage (%) of antioxidant activity (FRAP activity) E) Linear 

correlation between TPC and ORAC (oxygen radical antioxidant capacity) F) Correlation 

between TFC and oxygen radical absorbance capacity (ORAC activity). 

3.6. Cell Culture Studies 

       Colorectal cancer is the second most prevalent cancer in the world [76]. Several 

compounds identified from vegetables and fruits have been reported to inhibit cancer 

development [77]. Naturally occurring plant phenolic compounds play a vital role in preventing 

cancer. 

3.6.1. Cell Proliferation by MTS assay 

         To determine the anticancer properties of the flavonoids from Ontario grown onions, the 

Caco-2 human colorectal adenocarcinoma cancer cells were initially treated with the onion 

plant extracts. The cytostatic efficiency of the onion extracts which were added into the test 

wells on Caco-2 cell proliferation, was calculated after a 72-hour treatment period. Inhibition 

of cellular proliferation by Caco-2 cell line was evaluated at three different onion plant extract 

concentrate dilutions (10, 50, and 100). Supplementation at dilution factors 50 and 100, did not 

provide a clear cytostatic effect relative to the untreated control wells (data not presented). 

Figure 17, shows the anti-proliferative activity of the onion extract test sample a dilution factor 

of 10. The concentrations of the positive controls (i.e. standards) namely quercetin, myricetin 

and kaempferol were 100µM.  All the tested onion extract samples exerted anti-proliferative 

activity on the Caco-2 human colorectal adenocarcinoma cells. A five-fold decrease was 

observed in the MTS absorbance when compared to the untreated control wells. The addition 

of DMSO, which is the flavonoid delivery vehicle, did not have impact in the Caco-2 cell 

proliferation. The Safrane yellow onion variety showed the highest anti-proliferative activity, 

when compared to the other varieties that were tested. No statistically significant difference 
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was seen in the inhibition among the five onion varieties tested in spite of their differences in 

the phytonutrient composition. It was also observed that the flavonoids extracted through the 

Pressurized low polarity water extraction (PLPW) technique, were as effective as the positive 

control flavonoid (pure flavonoid compound) in the suppression of Caco-2 cell proliferation.   

 

Figure 17. Inhibition of Caco-2 human colorectal adenocarcinoma cancer cells treated with the 

fiver varieties of onion extracts at a dilution factor of 10.  Five-fold decrease in absorbance was 

seen when compared to the untreated control wells. A strong antiproliferative effect of the 

onion extract samples on caco-2 growth was observed. UNTRT: Untreated; LAS: Lasalle; RR: 

Ruby Ring; FOR: Fortress; STA: Stanley; SAF: Safrane; QUE: Quercetin; MYR: Myricetin; 

KAE: Kaempferol. 

       In the present study, the impact on Caco-2 cell proliferation due to the cytotoxic and 

induction of apoptosis was determined. The mechanism which impacts the progression through 

cell cycle can identify the cytostatic activity of the onion plant extracts. The bioactive 

compound flavonoid and the organosulfur compounds present in onions, have been reported in 
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literatures to have an impact on the signal transduction pathways, leading to cell cycle arrest in 

the G1 and G2/M phases for various cell lines [78, 79]. Several published research articles have 

explained the different mechanisms which cause cell cycle arrest for different cell lines [80, 

81, 82]. A lower conversion of MTS by viable cells, the Cytostatic effect observed in the 

present study is due to the combined effect of cell cycle arrest, apoptosis, and cytotoxicity 

which resulted from the Ontario onion plant extract supplementation. A study conducted by 

Kuo (1996) reported that dietary flavonoids play a major role in cancer chemoprevention, 

especially cancer of the gastrointestinal tract. 

3.6.2. Cytotoxicity and Cytolysis by Lactate dehydrogenase (LDH) 

          Lactate dehydrogenase (LDH), an intrinsic enzyme to the cytosol, is used as an indicator 

of compromised membrane integrity.  After the plant extract treatment, there was an increased 

level of LDH found in the supernatant, compared to the untreated control wells which 

confirmed the cytotoxic nature of the onion plant sample extracts. Similar to the MTS 

proliferation assay, the various extracts were very effective at a 10X dilution factor in inducing 

cell death (Figure 18). In the current study, it was observed that when tested with 50 and 100 

dilution factors, there was no increase in LDH activity.  When compared to the MTS 

proliferation assay, there was a detectable difference observed in the activity of LDH among 

the various onion plant varieties tested. A four-fold increase in the ratio of lactate 

dehydrogenase release was determined in the Fortress and Stanley onion varieties. A similar 

ratio was determined in the wells, treated with quercetin and kaempferol flavonoid compounds. 

The other three showed a lower LDH release ratio similar to the flavonoid myricetin treated 

wells. 

         A 2.5 to 4-fold increase in LDH release was observed at a 10 times dilution factor 

treatment. From Figure 17 it was observed that the yellow onion varieties Stanley and Fortress, 
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have the same ratio of maximum theoretical LDH release. This leads to hypothesize that other 

bioactive compounds, such as organosulfur and/or phenolic compounds, have synergistic effect 

compared to the flavonoids alone. Due to the heterogeneous nature of the plant extracts, it may 

be possible that the presence of the unclassified phytonutrient structures/classes are responsible 

for exerting these effects. Flavonoids are ubiquitous in nature, which also provides an essential 

link between diet and the prevention of cancer. A research study by Sak (2014) suggested that 

kaempferol can be considered a promising flavonoid compound for treatment of gastric and 

ovarian cancers. 

 

Figure 18. Cytotoxic effect of the Ontario grown onion varieties on caco-2 cell viability 

expressed as a ratio relative to the maximum theoretical LDH release. UNTRT: Untreated; 

LAS: Lasalle; RR: Ruby Ring; FOR: Fortress; STA: Stanley; SAF: Safrane; QUE: Quercetin; 

MYR: Myricetin; KAE: Kaempferol. 
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3.6.3. Induction of Cell Death in Caco-2 Cells by Flavonoids 

         The process of cell death or apoptosis is generally characterized by different 

morphological characteristics, as well as energy-dependent biochemical mechanisms. 

Apoptosis generally occurs during the development and aging, and as homeostatic mechanisms 

maintain cellular populations in tissues. This also occurs as a defence mechanism such as 

immune reactions or when the cells in the body are damaged by noxious agents. The ability to 

regulate the life/death of a cell is identified for its immense therapeutic potential. Therefore, it 

is necessary to focus on the elucidation and analysis of the cell cycle, and signalling pathways 

that control the cell cycle arrest as well as apoptosis. Caspase-3 and 7 activities was used to 

determine and to quantify the effect of polyphenolic plant extracts on apoptosis, since caspase 

3 and 7 are major enzymes in apoptosis. Previous literature has reported that quercetin, a major 

flavonoid compound found in onions, has been shown to induce apoptosis in different cell lines 

at various concentrations [83, 84, 85, 86, 87, 88].  

      Onion extract samples at a dilution factor of 10 induces apoptosis in Caco-2 human 

colorectal adenocarcinoma cancer cells (Figure 19). Plant extracts at higher dilution factors 

were not successful in increasing the number of apoptotic cell events related to untreated 

control wells. A 3.5 to 4-fold increase in the number of apoptotic cells was noticed relative to 

the untreated control wells. Stanley, the yellow onion variety, exhibited the highest in inducing 

the cell death, followed by the other onion varieties, namely Lasalle, Ruby Ring, Fortress and 

Safrane. The addition of DMSO solvent did not affect the induction of apoptosis on Caco-2 

cells. Kaempferol, a flavonoid compound, exhibited a 12-fold increase in the number of 

apoptotic cells relative to the negative control. However, upon further examination, it was 

observed that the cells treated with flavonoid compound kaempferol fluoresced at an emission 

wavelength similar to our labelling dye used, thereby biasing the results. The number of 
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apoptotic events in the sample extracts showed higher than those detected in the wells treated 

with quercetin and myricetin. 

 

Figure 19. A statistically significant increase was observed in the number of apoptotic cells 

after the treatment of Caco-2 cancer cells along with the onion extract samples. There were no 

significant differences noticed between the extract treatment groups. UNTRT: Untreated; LAS: 

Lasalle; RR: Ruby Ring; FOR: Fortress; STA: Stanley; SAF: Safrane; QUE: Quercetin; MYR: 

Myricetin. 

          Programmed cell death or apoptosis is a highly organized and tightly regulated sequence 

of biochemical events which lead to morphological changes and finally, to cell death. One of 

the key paths which is shared both intrinsic and extrinsic pathways of programmed cell death 

(apoptosis), is the activation of executioner protease caspases, namely caspases 3 and 7 [90, 

91]. The evasion of apoptosis is the activation due to the oncogenic mutations in the malignant 

cells, and is usually referred to as cancer. These mutations result in the signaling transduction 

pathway of the apoptosis signaling cascade, which gives rise to the chemotherapeutic resistance 

of malignant cells [92]. As a result, induction of programmed cell death by a therapeutic agent 

is involved in controlling the cell proliferation and metastasis of cancer cells. Evaluation of the 
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bioactive activities of the plant extracts in activation of apoptosis allows one to determine the 

qualitative and quantitative of live cells which undergo the process of cell death. This is a very 

important factor; when the cells undergo this process, the cells stop proliferating and do not 

contribute to neoplastic growth.   

    Several research articles suggest that the actions of phytochemicals on transduction 

signaling pathways in apoptosis are not only dependent on the cellular model, but also on the 

phytochemicals involved in the research study. Dietary flavonoids present in onions have been 

showed to downregulate the raised levels of fatty acid synthase expression in cancer cells, 

compromising their ability to convert acetyl-CoA to fatty acids. This negatively impacts the 

cell membrane functions, which leads to cell death. In other studies, induction mechanisms 

employed by the flavonoid compounds promote the expression of pro-apoptotic genes [93] and 

downregulating expression, and activating the nuclear transcription factor-κβ, which inhibits 

the apoptosis [93, 94].  

      A study conducted by Herman-Antosiewicz and Singh (2004) on allium-derived 

organosulfur compounds, summarizes the modes of apoptosis induction which includes both 

the different pathways. The disruption of intracellular calcium homeostasis, which is the 

downregulation of the anti-apoptotic Bcl-2 family of genes, increased the expression of pro-

apoptotic genes, and the generation of reactive oxidation species. This facilitated the release of 

cytochrome c (and subsequent activation of cytochrome c and caspase 3) as means of apoptosis 

induced by organosulfur compounds. Bioactive compounds from onions are heterogeneous 

mixtures of different classes and subclasses of molecules (flavones, organosulfur compounds, 

and phytosterols), which are responsible for programmed cell death, due to a collective exertion 

of the described modes of apoptosis induction. 
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3.6.4. Cell Migration assay 

         The dissemination of cancer cells from a primary tumour to a distant origin is the major 

cause of death of patients with cancer. Cancer cell migration and invasion into adjacent tissues 

and intravasation into the blood or lymphatic vessels is required for metastasis of 

adenocarcinomas, which is the most common human cancer. Invasion of carcinoma cells 

obtains a migratory phenotype related with the increased expression of many genes involved 

in the cell motility. This allows cancer cells to respond to cues from the micro environment 

that trigger tumour invasion. Therefore, molecules that are involved in cancer cell migration 

can be target potential for anti-metastasis therapy. 

        Cancer cells have the ability to invade and metastasize from primary neoplasms to other 

sites in the body [92]. 90% of all cancer cases are due to the metastasis of primary tumours to 

other parts of the body [96, 97]. Metastatic cascade is where the primary neoplasms colonize 

distal sites in the body. Some phytochemicals exhibit cytostatic and cytotoxic properties in 

vitro, however, not all exert a bioactive effect in modulating the mechanisms, which are 

responsible for the metastasis of cancer cells. By reducing the mortality associated with the 

metastasis, it limits the ability of cancerous cells to migrate within their microenvironment as 

well as from their primary sites. Therefore, in the present study we examine the ability of the 

plant extracts to mitigate the cellular motility of Caco-2. 
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Figure 20. Anti-migratory activity of the Ontario grown onion extracts exerted a 40 – 60% 

reduction in the number of cells migrating to the cell free exclusion zone. The exclusion zone 

myricetin treated wells was found to be confluent. UNTRT: Untreated; Lasalle (LAS); Ruby 

Ring (RR); Fortress (FOR); Stanley (STA); Safrane (SAF); Quercetin (QUE); Myricetin 

(MYR); Kaempferol (KAE). 

        The onion extracts obtained from different Ontario grown onion varieties elicited different 

anti-migratory activity against Caco-2 human cancer cells. Figure 20, shows the number of 

cancer cells discovered after a 72 h dosing period detected in the exclusion zone. Stanley 

(STA), a yellow onion variety, showed the best (1,934 cells in the exclusion zone), followed 

by the other onion varieties Lasalle (LAS) (2,139 cells), Fortress (FOR) (2,468 cells), Ruby 

Ring (RR) (2,585 cells), and Safrane (SAF) (2,924 cells). The Caco-2human colorectal 

adenocarcinoma cancer cells migration in the exclusion zone was decreased by a 40 to 60% 

when the treated cells were compared with the untreated test wells. Cell cycle arrest leads to a 

decreased cell proliferation rate and cytotoxicity, due to programmed cell death (apoptosis). 

Figure 21, shows images of Caco-2 cells which are treated with Lasalle onion extract and 
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Quercetin, over a 72h incubation period. This result correlates with the previously observed 

apoptosis data with the same order of efficiency for the plant extracts. In addition, flavonoids, 

namely Quercetin, show disruption microtubule formation, rearrange actin microfilaments in 

the cytoskeleton and modulates enzymes and signalling pathways, which is associated with the 

metastasis [98]. 

        The anti-migratory effect of Safrane (SAF), a yellow onion variety, on caco-2 cells was 

found to be same to those observed in kaempferol, but are statistically different than flavonoid 

quercetin. The other tested varieties were more effective in mitigating caco-2 migration with a 

23-42% and 13-34% reduction in the number of observed cells compared to quercetin and 

kaempferol, respectively. Even though the myricetin flavonoid exerted cytostatic and cytotoxic 

effects, it did not inhibit caco-2 migration. Thus, these results show myricetin’s inability to 

modulate signalling pathways which are associated with the metastasis cascade. This also 

shows the disruption of the cytoskeletal microstructures, which are responsible for structural 

support and cell motility.    
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Figure 21: Images represents untreated Caco-2 cells or cells treated with Lasalle (LAS) - a 

yellow onion variety flavonoid and Quercetin at 10x dilution and 100 µM respectively, after 0 

and 72 h incubation period.  

    

4. CONCLUSIONS 

 Our study demonstrated the cytotoxic, cytostatic, and anti-migratory activity of five Ontario 

grown onion varieties tested against colorectal adenocarcinoma (Caco-2) cells. The onion 

extracts tested induce apoptosis, reduce the rate of cell proliferation, and were found to be 

effective in reducing the migration of cancer cells into the exclusion zone. Particularly, these 

effects were at least comparable with those pure flavonoids tested. Thus, these results play as 

an important step in characterizing the anticancer activities of the flavonoids obtained from 

Ontario grown onions, and provide an evidence for their inclusion in dietary treatments.  
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        Film-forming solution, which contains flavonoids can potentially act as a sustained release 

of active molecules for the enhancement of bioavailability of antioxidants in the food matrix. 

Powdered phase products from Ontario grown onions could be useful as a by-product that can 

be easily incorporated as a functional food antioxidant agent. The flavonoid solution from 

Ontario grown onions can be directly applied or mixed with food or different dilutions, upon 

consideration of the flavor and odor, for enhancement of the delivery of antioxidants. Thus, 

integration of flavonoids from onions to food products must be carefully addressed by 

considering the onion variety and the extraction process, as well as the flavor and odor. The 

flavor and odors from various onion varieties tested can either be desirable or undesirable as 

per the consumer perception.  Due to their intrinsic properties, the type of target food systems 

will determine the incorporation method, as well as the size and shape, of onion based 

flavonoids to be added. Bakery products (for example bread, with 2% onion extracts) could be 

suitable for adding onion based flavonoids, as it significantly enhances the bioavailability of 

antioxidant molecules. Natural onion based flavonoids can be easily incorporated with fruit 

juices and soft drinks as the dispersion of the flavonoid compounds would be rapid due to the 

low pH and low lipid contents. Additionally, flavonoids from onions can also be added to meat, 

poultry, seafood and dairy products. This could be in the form of pasta sauce bases, snacks, 

alcoholic drinks and vegetable by-products. It can also be incorporated into health products 

including creams and lotions. 

    Since there is an increase in the health awareness among the consumers, there is a robust 

and rapid growth of natural antioxidants in the markets in Ontario and across North America.  

The global market for functional foods was estimated to be more than $60 billion. More than 

750 Canadian companies were specialized in the functional foods and natural health products 

area, garnering about $11 billion in revenues (Agricultural and Agri-Food Canada, 2014), of 

which Ontario is a major supplier of functional foods and natural health products. Thus, 
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successful screening and characterization of these flavonoids will allow the producers to grow 

best and preferred onion varieties with a defined set of criteria. Bioactive compounds from 

Ontario grown onions includes volatile sulfur containing compounds and antioxidants such as 

quercetin. Through the present research study, it will be possible to select optimum quality 

varieties and develop processing extraction techniques to isolate active bio components. The 

nutraceutical manufacturers as well as the food processors, would eventually benefit from this 

strategy as they would enhance their profits by selling new antioxidant products from Ontario-

grown onions. Due to their easy availability, they may also be beneficial to bakers and food 

manufacturers. 

    Among 50000 different flavonoids, flavonols are the most abundant flavonoid compounds 

found in foods. Quercetin, kaempferol and myricetin are the most common flavonoids found 

in onions. Anthocyanins are a class of flavonoid compounds which are found only in red onion 

varieties among various types of onions. Among all vegetables, onions are one of the most 

common that contain flavonols. However, the flavonoid content in them often varies based on 

their variety, genetics, environmental, and storage conditions. Flavonoids play a very important 

role in suppressing carcinogenesis. The antioxidant property of flavonoids was the first 

mechanism which was studied, including their protective effect against cardiovascular 

diseases. The bulbs of onions (the edible part), are one of the richest sources of dietary 

flavonoids. In the present study, five commonly used onions from Ontario were tested for their 

antioxidant and antiproliferative activities. The Ruby Ring, a red onion variety, showed the 

highest antioxidant activity and also total polyphenolic content, when compared to all the 

yellow onion varieties that were tested. Quercetin was the major flavonoid compound found 

among all the yellow onion varieties tested, and cyanidin 3-(6"-malonylglucoside), an 

anthocyanin compound, was the major compound in the red onion variety that was tested. A 

correlation study was performed between the antioxidant and total polyphenols and flavonoid 
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contents. A strong correlation was observed between the total polyphenols and total flavonoid 

content of onions against the observed antioxidant activities.   

     Human colon adenocarcinoma (Caco-2) cells are a human epithelial cell line widely used 

for the intestinal epithelial barrier. This cell line is heterogeneous and contains cells that have 

slightly different properties. The present study has shown the cytotoxic, cytostatic and anti-

migratory activity of five Ontario grown onion varieties against the Caco-2 cell line. The 

sample extracts tested induces apoptosis, reduces the rate of cell proliferation and is also found 

to be effective in slowing down the migration of cancer cells into the exclusion zone. These 

effects are stronger than those of the pure flavonoids tested. Thus, these results shows that 

flavonoids possess anticancer properties, and also provide further evidence for incorporation 

of these anticancer compounds into dietary treatments. 

    Therefore, our current research study shows promise for developing biocompatible and eco-

friendly antioxidant products from onions grown in Ontario for food, as well as pharmaceutical 

industries. The knowledge provided through this research about the specific differences in the 

total flavonoid and phenolic contents among the various types of Ontario grown onions, may 

be helpful for farmers or breeders, to select the best onion variety to cultivate or grow. 
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