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ABSTRACT

Chia seed (Salvia hispanica) are small edible seed with high nutritional and medicinal values.

This study was carried out to investigates the antimicrobial and phytochemical constituents of

the seeds. The aqueous and ethanol extract of the seed were screened for antimicrobial effects

against six bacterial isolates :Escherichia coli, Staphylococcus aureus, Streptococcus sp.,

Salmonella sp., Pseudomonas aeruginosa, and Klebsiella pneumoniae. Phytochemical screening

for flavonoids, tannins, sterols, saponins, glycosides and alkaloids were carried out by standard

methods. The results showed that both ethanolic and aqueous extracts exhibited antimicrobial

activities. At 100 mg/ml concentration, the aqueous extract produced inhibition zones of 20.00

mm against Escherichia coli and 14.00 mm against Streptococcus sp., while the ethanolic extract

showed 16.00 mm and 18.00 mm, respectively. Pseudomonas aeruginosa exhibited inhibition

zones of 21.00 mm (aqueous) and 10.00 mm (ethanolic), and Klebsiella pneumoniae showed

7.00 mm (aqueous) and 14.00 mm (ethanolic). However, Staphylococcus aureus did not exhibit

significant inhibition in either extract. Minimum inhibitory concentration analysis revealed that

both ethanolic and aqueous extracts had MIC values of 100 mg/ml for Streptococcus sp. and

Pseudomonas aeruginosa. Interestingly, Escherichia coli did not show an MIC with the

ethanolic extract, suggesting variable susceptibility across bacterial strains. The minimum

bactericidal concentration results indicated that the ethanolic extract was bacteriostatic, while the

aqueous extract exhibited bactericidal activity for Pseudomonas aeruginosa. Phytochemical

analysis revealed the presence of flavonoids, tannins, sterols, saponins and glycosides in both

extracts, while alkaloids were absent.These findings highlight the promising antimicrobial

potential of chia seed oil extracts, demonstrating it’s efficacy against a range of Gram-negative

and Gram-positive bacteria.
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CHAPTER ONE

INTRODUCTION

1.1.Background of Study

Chia seeds (Salvia hispanica), a member of the Lamiaceae family, have been revered for

centuries due to their extensive health benefits and nutritional value. These small, oval seeds are

typically black or white and have gained recognition for their ability to enhance dietary intake

through a dense concentration of essential nutrients. Historically, chia seeds were a staple in the

diets of ancient civilizations such as the Aztecs and Mayans, who utilized them for their energy-

boosting properties and as a form of currency (Mohd et al., 2012). In recent years, chia seeds

have re-emerged as a superfood, prized for their versatility and substantial health benefits

(Capitani et al., 2012).

The nutritional profile of chia seeds is exceptional, encompassing a wide range of macronutrients

and micronutrients that contribute to overall health and well-being. They are an excellent source

of dietary fiber, omega-3 fatty acids, proteins, vitamins, and minerals. Chia seeds are rich in

protein and healthy fats, particularly polyunsaturated fats. They contain approximately 30% oil,

of which about 60% is omega-3 alpha-linolenic acid (ALA) and 20% is omega-6 linoleic acid.

This unique fatty acid profile is beneficial for cardiovascular health (Ayerza and Coates,

2011).Chia seeds provide a substantial amount of essential vitamins and minerals, including

calcium, magnesium, phosphorus, and manganese. These nutrients are vital for bone health,

metabolic processes, and overall physiological functions (Ixtaina et al., 2011).In addition to their

nutrient density, chia seeds are packed with various bioactive compounds such as phenolic acids,
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flavonoids, and tocopherols, which contribute to their antioxidant and anti-inflammatory

properties (Reyes-Caudillo et al., 2008).

Phytochemicals are non-nutritive plant chemicals that have protective or disease-preventive

properties. Chia seeds are abundant in several classes of phytochemicals, including phenolic

acids, flavonoids, and tocopherols, each playing a critical role in health promotion and disease

prevention. In addition to their impressive nutritional and phytochemical profile, chia seeds

exhibit significant antibacterial properties. These properties are primarily due to the presence of

bioactive compounds that can disrupt bacterial cell walls, inhibit bacterial enzymes, and interfere

with bacterial growth and metabolism.

The antibacterial activity of chia seeds involves several mechanisms. Phenolic compounds, for

instance, can cause structural damage to bacterial cell walls and membranes, increasing their

permeability and leading to cell death (Albuquerque et al., 2014). These compounds can also

inhibit bacterial proteins and enzymes, disrupting essential metabolic processes and preventing

bacterial growth. Flavonoids further enhance the antibacterial activity by interfering with

bacterial DNA synthesis and biofilm formation. Biofilms are protective layers that bacteria form

to shield themselves from hostile environments and antibiotics. By preventing biofilm formation,

flavonoids increase the susceptibility of bacteria to antimicrobial agents and the host immune

system (Cushnie and Lamb, 2011).

Studies have demonstrated the effectiveness of chia seed extracts against various bacterial

pathogens. For example, research has shown that chia seed extracts can inhibit the growth of

Pseudomonas aeruginosa, Escherichia coli (E. coli), a common cause of foodborne illness, and

Staphylococcus aureus, responsible for a range of infections from minor skin conditions to
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severe diseases like pneumonia and sepsis (Taga et al., 2015). In vitro studies have highlighted

the potential use of chia seeds as natural preservatives in food products. By inhibiting the growth

of foodborne pathogens, chia seed extracts can extend the shelf life of food items and enhance

food safety. Additionally, the antibacterial properties of chia seeds may be utilized in agriculture

to develop natural pesticides that protect crops from bacterial infections without the adverse

environmental impacts associated with synthetic chemicals (Reyes-Caudillo et al., 2008).

Understanding the phytochemical and antibacterial properties of chia seeds is crucial for multiple

reasons. From a health perspective, these properties support the use of chia seeds as a functional

food that can aid in the prevention and management of chronic diseases. The antioxidant and

anti-inflammatory effects of chia seed phytochemicals help mitigate oxidative stress and

inflammation, key factors in the development of diseases like cardiovascular disease, diabetes,

and cancer. In agriculture, the antibacterial properties of chia seeds offer a sustainable alternative

to synthetic pesticides, promoting organic farming practices and reducing the environmental

impact of agriculture. The ability of chia seeds to inhibit bacterial growth also enhances food

safety by preventing contamination and spoilage, which is essential for maintaining public health.

From a medical standpoint, exploring the antibacterial properties of chia seeds can lead to the

development of new antimicrobial agents. As antibiotic resistance becomes an increasing global

concern, natural compounds from plants like chia seeds provide promising avenues for new

treatments that can overcome resistance mechanisms and offer effective alternatives to

conventional antibiotics (Savoia, 2012).

Chia seeds are a remarkable source of nutrients and bioactive compounds, with significant

phytochemical and antibacterial properties. The phenolic acids, flavonoids, tocopherols, and
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polyunsaturated fatty acids in chia seeds contribute to their health-promoting effects, while their

antibacterial properties hold promise for applications in food safety, agriculture, and medicine.

Understanding these properties not only highlights the nutritional and therapeutic potential of

chia seeds but also opens up new avenues for research and development in various fields. As

interest in natural and sustainable solutions continues to grow, chia seeds stand out as a valuable

resource with multifaceted benefits for health and well-being.

1.2. AIMS AND OBJECTIVES

The aim of the study was to evaluate the phytochemical and antimicrobial properties of aqueous

and ethanolic extracts of chia seed against selected bacterial isolates

The specific objectives of this research were to:

1. evaluate the antimicrobial activity of aqueous and ethanolic extracts of chia seed extract

against the bacterial isolates

2. determine the minimum inhibitory concentration (MIC) and minimum bactericidal

concentration (MBC) of the extracts against the selected bacterial isolates.

3. identify and quantify the various phytochemicals present in aqueous and ethanolic

extracts of chia seed extract.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Description

Chia (Salvia hispanica L.), which has been cultivated since ancient times (Cahill and Ehdaie,

2005), is an annual herbaceous plant of the Lamiaceae family (Thaboran et al., 2020; Cahill,

2004). Salvia is the most major genus of this family and has about 1000 species that are widely

scattered in different areas of the world, including South Africa, Central America, North

America, South America and Southeast Asia (SeguraCampos et al., 2014; Takano, 2017).

According to the latest classification, this genus is part of the subfamily Nepetoideae, tribe

Mentheae, subtribes Salviinae (Segura-Campos et al., 2014). Its main source is between Mexico

and Guatemala (Cahill, 2004).

The common name of S. hispanica L. is chia (Cahill and Provance, 2002). It is an expensive

plant used by natives since the past for medicine, food, and oil (Cahill and Ehdaie, 2005), but its

cultivation ceased and was unknown species for hundred years beyond the confines of Mexico

and Central America because of its habituation to short days, high sensitivity to changes in

photoperiods and poor tolerance to cold (Jamboonsri et al., 2012). During the last two decades,

after the introduction of chia seeds by various scientists, the interest in chia consumption and

research on it has increased (Gentry et al., 1990; Coates and Ayerza, 1996). Nowadays, there is a

revitalized fondness for chia and a lot of work is to be done about it as a wonderful source of ω3,
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protein, antioxidants and dietary fiber for healthful diets (Bochicchio et al., 2015a). In 2009, it

was authorized as a novel food (EFSA NDA Panel, 2009).

Chia seeds are considered as a healthy food with numerous nutritional value (Super food)

(Marineli et al., 2015) and there is not any proof that shows consuming whole or ground chia

seeds is harmful (EFSA, 2005; 2009; Bresson et al., 2009). Therefore, chia seeds and their

derivatives are promising food sources. The United States Department of Agriculture (USDA)

has encouraged the cultivation of chia as an industrial crop (Valdivia-Lopez and Tecante, 2015).

Chia seeds are becoming more and more admired and are a key ingredient among consumers and

producers (Iglesias-Puig and Haros, 2013; Kuznetcova et al., 2020; Ribes et al., 2021; Zettel and

Hitzmann, 2018). Chia seed production has enhanced in late years (Grancieri et al., 2019;

Jamshidi et al., 2019). Nowadays, chia is commercially cultivated in several low-latitude

agricultural regions in the world, mainly in Bolivia, Paraguay, Argentina, Mexico, Australia,

Central America, Peru, Ecuador and Colombia, and the total acreage in 2014 was 370,000

hectares (Sosa, 2016; Orona-Tamayo et al., 2016). Also, chia seeds are accessible in

hypermarkets and health food stores (Dincoglu and Yesildemir, 2019).

2.2. Morphology

Depending on the latitude in which chia seeds are grown, their life cycle from growth to harvest

takes 90 to 180 days. Its growth depends on the sea level, temperature and light (Cahill, 2004).

Also, in Kermanshah with Latitude 34° 32' N, Longitude 47° 10' E is about 120 days. Chia

height can be from 60 to about 180 cm in different mentioned altitudes (Fig. 1) (Capitani et al.,

2013; Wojahn et al., 2018; Yeboah et al., 2014). Salvia hispanica L. is a self-pollinating plant
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(Bochicchio et al., 2015a). However, some scientists reported some degrees of outcrossing in

domesticated and wild chia in their field studies (Hernandez-Gomez et al., 2008; Cahill, 2004).

Since plenty of insects are absorbed into chia flowers and low outcrossing is found in greenhouse

conditions, it appears that insects are more likely to be responsible for transporting pollen instead

of wind (Buchichio et al., 2015a). Chia is a drought-resistant product, so it can grow in semiarid

(Ayerza and Coates, 2009 a,b) and arid environments (Peiretti and Gai, 2009). Also, based on

some researchers, this plant is sensitive to salt stress, and salinity can considerably diminish the

yield of seed oil (Heuer et al., 2002). Chia is semi-tolerant to acidic soils (Munoz et al., 2013;

Baginsky et al., 2014; Pozo and Anabel, 2010). But it cannot stand frost and freeze in all

development stages (Baginsky et al., 2014; Jimenez, 2010). Chia needs a lot of sunlight and does

not bear fruit in the shade (Cahill, 2004). Since 1917, it has been stated that the maximum

achievable yield of chia seeds is near 3.0 t/ha (Lomanitz, 1917). However, the seed yield

commonly achieved by the farmers is lower, and on average, it is only 0.36 t/ha (Peperkamp,

2015). Chia presents low requirements of water and fertilizer (Orozco et al., 2014), and it is also

resistant to pests and diseases (Munoz et al., 2013).

2.2.1. Seeds

Chia fruit is a type of schizocarp that separates and forms four fruits, which are called mericarps

or nutlets (Segura-Campos et al., 2014). Its shape is oval and its size of it varies from 1-2 mm

long by 1.5 mm wide (Hernandez Gomez et al., 2008; Ixtaina et al., 2008). The seeds coat color

is different and changes from black, grey and black spotted to white, although today, most

commercial plants are black-spotted, Fig. 4 (Ixtaina et al., 2008). The seed is wealthy in

mucilage, starch and oil (Hernandez Gomez et al., 2008). Generally, the weight of 100 seeds is
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about 15 mg (Cahill and Ehdaie, 2005). The mature seeds mucilage, when it comes in contact

with water, instantly expands and the seed size increases, so it gives a characteristic gel

appearance to chia (Jamboonsri et al., 2012).

Figure 1. Different colors of chia seeds; a) Black spotted, b) White.

2.2.2. Leaves

Its leaves are arranged alternately or opposite (Ixtaina et al., 2008). The leaves are oval, with a

sharp point and jagged edge. It grows on the point and branches (Cahill and Ehdaie, 2005). The

leaves have different degrees of pubescence (Capitani et al., 2013). The leaves' length are 4-8 cm

and their width is 3-5 cm (Baginsky et al., 2014).

2.2.3. Stems
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Chia stems height is about 1-2 m and it presents a quadrate branching stem (Jamboonsri, 2010;

Capitani et al., 2013).

2.2.4. Flower

Chia has a perfect flower (hermaphrodite flower) (Cahill and Ehdaie, 2005). Its flowers are

small and usually purple, blue or white, Fig. 3 (Capitani et al., 2013) and their small size reflect

an extremely selfpollinating breeding system (Haque and Ghoshal, 1980). The corolla is bilabiate

monopetalous (Ramamoorthy, 1985). It has 4 ovaries and 4 stamens. There will be 1-4 seeds in

one flower (Cahill and Ehdaie, 2005). The flowers are arranged in groups of six or more on the

axis of the inflorescence (Baginsky et al., 2016).

2.3. Nutritional Composition of Chia Seed

There is scientific proof that dietary phytochemicals can play a critical role in the therapy and

prevention of many diseases. By growing the universal health consciousness, people request

functional foods with countless health advantages. As all foods supply various amounts of

nutrients that are important to grow or support vital processes, it can be said that all foods are

functional. Functional foods are common foods that contain different kinds of benefits that may

improve optimal health or reduce disease hazards (Hasler et al., 2000). Over the years, people

have turned to unhealthy foods and become addicted to artificial and carbonated beverages.

Therefore, they suffered from various heart diseases at a young age. Many texts and literatures

emphasize the health benefits of chia seeds and their nutritional value (Coates and Ayerza, 1996).

2.3.1. Oil
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Chia has the highest content of ω3 among all-natural sources, so its fatty acids have been highly

regarded by researchers (Palma et al., 1947; Ayerza, 1995; Ayerza and Coates, 2011; Segura-

Campos et al., 2014). In general, the mature seeds have 25–40% oil, of which omega (ω)-3

alpha-linolenic acid makes up 60% of it and 20% of it is omega (ω)-6 linoleic acid (Ayerza and

Coates, 2004; 2009a,b; Rocha Uribe et al., 2011; Silveira Coelho and de las Mercedes Salas-

Mellado, 2014). Ecosystem effects, various climatic conditions, different geographical areas

(Ayerza, 1995; Coates and Ayerza, 1996, 1998; Ayerza and Coates, 2004), extraction methods

(Ixtaina et al., 2011), genotype and environmental factors (Bochicchio et al., 2015a), date of

sowing (Coates and Ayerza, 1996; Baginsky, 2016) and salinity of irrigation water (Heuer et al.,

2002) can affect the oil percentage and fatty acids composition.

α linolenic acid (ALA) content of chia is higher than the other ALA rich oils seeds such as flax

(57%) (Ayerza and Coates, 2004), camelina (48.4%) (Peiretti and Meineri, 2007), and similar or

slightly lower than perilla (Ciftci et al., 2012). Both of the essential fatty acids are crucial for the

human body health, but humans and animal bodies can not synthesize them, so they must obtain

them through food. The highly unsaturated metabolites can be constructed from these fatty acids;

arachidonic acid and γ-linolenic acid (n-6 PUFA) from linoleic acid (LA) and the most important

metabolites: eicosapentaenoic acid and docosahexaenoic acid (n-3 PUFA) from α linolenic acid

(ALA) (Gorjao et al., 2009). Therefore, it is recommended to eat foods that are rich in α-

linolenic acid. Marine fish are the best-known sources of n-3 PUFAs (Gorjao et al., 2009), but

flax seeds and chia seeds are also important plant sources with the highest α linolenic acid

concentrations (Ayerza, 1995; Coates and Ayerza, 1998; Oomah et al., 1995).

Also, the omega-6/omega-3 fatty acid ratio in the human diet is an important ratio of unsaturated

fats. The proper ratio of it varies from 1:1 to 3:1, but commonly it is much higher in the human



21

diet. This ratio in chia seed oil is lower than 1 (Ixtaina et al., 2011; Silveira Coelho and de las

Mercedes Salas-Mellado, 2014); therefore, it can be used for balancing the unsaturated fatty acid

in the diets.

2.3.2. Protein

Animal-derived proteins have good quality, but they are expensive and can cause allergies in

some people. Plant proteins can be a good source of essential amino acids, supplementing or

even substituting animal sources (Montoya-Rodrıguez et al., 2015; Sandoval-Oliveros and

Paredes-Lopez, 2013). Chia seeds have high levels of protein compared to cereal seeds or other

oilseeds, 16-26% depending on the environment (Ayerza and Coates, 2004, 2009, 2001), though

it does not plant as a protein crop commercially around the World.

The amount of seed protein strongly depends on environmental and agronomic factors. Ayerza

and Coates (2009a, b, 2011) reported that the amounts of proteins change with the environment

of production. For example, the protein content significantly decreases when elevation increases.

Its protein content (20%) is higher than that reported for other crops, like Triticum aestivum

(14%), Hordum vulgare (9.2%), Avena sativa (15.3%), Zea mays (14%), and Oryza sativa (8.5%)

(Monroy-Torres et al., 2008). Moreover, the digestibility of chia protein is good (78.9%)

(Sandoval-Oliveros and Paredes-Lopez, 2013) and it is higher than beans (77.5%), corn (66.6%),

Oryza sativa (59.4%), and Triticum aestivum (52.7%) proteins (Betancur-Ancona et al., 2004).

Chia seeds have all amino acids that are essential for human nutrition such as glutamine,

isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, histidine and valine

(Sandoval-Oliveros and Paredes- Lopez, 2013). Among them, glutamine has the highest quantity

and histidine has the lowest amounts (FAO/WHO/UNU, 2008; Sandoval-Oliveros and Paredes-
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Lopez, 2013). The amino acid profile of chia is appropriate for the adult diet (Weber et al., 1991).

The seed is also free from mycotoxins (Jamboonsri et al., 2012) and there is no proof of allergic

reactions (EFSA, 2005, 2009) to chia seeds consumption.

2.3.3. Fiber

Another favorable characteristic of chia seeds for researchers is that it contains high fiber (5-6%),

which can be used as dietary fiber (Ayerza and Coates, 2001; Reyes-Caudillo et al., 2008) and is

also very interesting for drug and industrial uses because this high content of soluble fiber can

form a very hydrophilic mucilage. As well as chia meal has 33.9–39.9 % of dietary fiber

(Capitani et al., 2012). So it is a great crop for being consumed in human and animal nutrition

(Ting et al., 1990). In some studies, have been determined that chia seed total dietary fiber

content ranges between 32.4 and 37.50 g/100 g, which most of them being insoluble (>93%) and

the remainder (>7%) being soluble (ReyesCaudillo, 2008).

2.3.4. Vitamin and antioxidants

chia seeds and oil also possess a lot of useful compounds which are good for human health, like

vitamin B (B6 and B1), A, C, K and E (Bushway et al., 2006; Mehta et al., 2020) and natural

antioxidants (Reyes-Caudillo et al., 2008; Amato et al., 2015), carbohydrates, magnesium, zinc,

iron, calcium and phosphorous (USDA, 2004) and it does not have any danger for human health

(Bresson et al., 2009).

2.4. Phytochemicals Composition of Chia Seed

2.4.1. Flavonoids
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Flavonoids are an essential natural product class; they are commonly secondary metabolites with

a polyphenolic structure (Panche et al., 2016). The polyphenol group consists of afifteen-carbon

element with two benzene rings. Flavonoids contain biochemical functions like antiviral,

antioxidant, hepatoprotective, antibacterial, anti-inflammatory, and anticancer (Das, 2017).

These compound are present in chia seeds, and microbial infection effects increase their

synthesis. The most common flavonoids in Chia seeds are Myricetin, Quercetin, and Kaempferol

(Capitani et al., 2012),

Naturally, flavonoids compounds are found in several parts of the plant and can be extracted.

Flavonoids are mainly usedby plants for growth and protection against plaques (Havsteen, 2002).

Theflavonoids can be categorized into different subgroups depending on the carbon of the C ring

on which the B ring is linked and the level of oxidation and saturation of the C ring. The

flavonoids subgroups are isoflavones, neoflavanoids, flavonols, Chalcones, Anthocyanins, and

flavones (Panche et al., 2016).The subgroup flavones are the most present flavonoid in Chia, and

Its subclasses consist of Quercetin, Myricetin, Kaempferol, Rutin, and Morin(Panche et al.,

2016).

2.4.2. Sterols

Chia seeds contain a variety of sterols, including β-sitosterol, campesterol, and stigmasterol,

which are among the most biologically active forms (Ixtaina et al., 2011). These sterols are

naturally present in plant cell membranes and contribute to various physiological processes.

Studies have reported that the sterol content in chia seeds ranges between 200–400 mg per 100 g,

depending on factors such as seed variety, cultivation conditions, and processing methods
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(Borneo et al., 2010). This significant sterol content makes chia seeds a valuable source of

phytosterols, which have been extensively studied for their cholesterol-lowering effects.

One of the most well-documented benefits of sterols in chia seeds is their role in reducing

cholesterol levels. Phytosterols compete with dietary cholesterol for absorption in the intestine,

thereby reducing overall cholesterol uptake and subsequently lowering LDL (low-density

lipoprotein) cholesterol while maintaining or increasing HDL (high-density lipoprotein)

cholesterol levels (Ostlund, 2002). This mechanism is particularly beneficial for individuals at

risk of cardiovascular diseases. Furthermore, β-sitosterol, the predominant sterol in chia seeds,

has been shown to have anti-inflammatory and antioxidant properties, which help mitigate

oxidative stress—a key factor in the development of chronic diseases such as diabetes and

atherosclerosis (Calpe-Berdiel et al., 2009).

Beyond their cardiovascular benefits, sterols also contribute to immune system modulation.

Certain phytosterols, including those found in chia seeds, have been reported to enhance immune

responses by influencing cytokine production and reducing inflammation (Bouic, 2001). This

immunomodulatory effect makes phytosterols valuable in managing conditions such as

autoimmune diseases and inflammatory disorders. Additionally, emerging research suggests that

sterols, particularly β-sitosterol, may have protective effects against hormone-related cancers

such as prostate and breast cancer by inhibiting cancer cell proliferation and inducing apoptosis

(Von Holtz et al., 1998). The functional applications of sterols from chia seeds extend beyond

their health benefits. These compounds are widely used in the food industry, particularly in the

formulation of cholesterol-lowering products such as margarine, dairy products, and dietary

supplements (Gylling et al., 2014). Additionally, sterols possess emulsifying properties, making
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them useful in food processing and cosmetic formulations. Their ability to stabilize emulsions

and improve the texture of food products has made them an essential ingredient in functional

food development.

2.4.3. Tannins

Tannins in chia seeds are polyphenolic compounds that contribute to their astringent taste and

have potent antioxidant and antimicrobial properties. These tannins are capable of hydrolyzing

into simpler phenolic compounds, which exhibit strong antioxidant activity. They can inhibit the

growth of bacteria, fungi, and viruses, making them effective in preventing infections and

promoting overall health (Haslam, 1998). Also known as proanthocyanidins, these compounds

are known for their role in reducing the risk of cardiovascular diseases by inhibiting the

oxidation of low-density lipoprotein (LDL) cholesterol. They also exhibit anti-cancer properties

by inducing apoptosis in cancer cells and inhibiting tumor growth (Cos et al., 2004).

2.4.4. Saponins

Saponins are glycosides found in chia seeds that have soap-like properties and contribute to their

health benefits. Saponins have been shown to lower cholesterol levels by binding to bile acids

and preventing their reabsorption. This action helps in reducing the risk of cardiovascular

diseases (Francis et al., 2002).Saponins enhance the immune system by stimulating the

production of antibodies and activating immune cells. This makes chia seeds beneficial for
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improving resistance against infections and diseases (Makkar et al., 2007). Saponins exhibit

antimicrobial properties by disrupting the cell membranes of pathogens, leading to their lysis and

death. This makes chia seeds effective in preventing bacterial and fungal infections (Sparg, Light,

and van Staden, 2004).

2.5. Bioactive Properties of Chia Seeds

2.5.1. Antioxidant Properties

The antioxidant properties of chia seeds are primarily attributed to their high levels of phenolic

compounds, flavonoids, and essential fatty acids. These antioxidants play a crucial role in

neutralizing free radicals and protecting cells from oxidative stress, thereby preventing cellular

damage and reducing the risk of chronic diseases. Chia seeds are rich in phenolic acids such as

caffeic acid, chlorogenic acid, and gallic acid. These compounds are known for their ability to

scavenge reactive oxygen species (ROS) and inhibit lipid peroxidation, thus protecting cellular

components from oxidative damage (Reyes-Caudillo et al., 2008). Flavonoids like quercetin,

kaempferol, and myricetin present in chia seeds exhibit strong antioxidant activities. They help

in reducing inflammation and protecting against oxidative stress-related diseases such as

cardiovascular diseases and cancer (Menga et al., 2010). Chia seeds are one of the richest plant

sources of alpha-linolenic acid (ALA), an omega-3 fatty acid. ALA has been shown to reduce

oxidative stress by enhancing the activity of antioxidant enzymes and reducing the production of

ROS (Ayerza, 2011).
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2.5.2. Anti-inflammatory Properties

Chia seeds possess significant anti-inflammatory properties due to the presence of bioactive

compounds that modulate inflammatory pathways and reduce the production of pro-

inflammatory mediators. The α linolenic acid in chia seeds is converted into eicosapentaenoic

acid (EPA) and docosahexaenoic acid (DHA) in the body. These long-chian omega-3 fatty acids

are known to inhibit the production of inflammatory cytokines and prostaglandins, thereby

reducing inflammation (Ursoniu et al., 2017). Quercetin, kaempferol, and chlorogenic acid in

chia seeds have been shown to suppress the activity of nuclear factor-kappa B (NF-κB) and other

inflammatory signaling pathways, thus reducing the expression of inflammatory markers (Li et

al., 2016). The high fiber content in chia seeds contributes to their anti-inflammatory effects by

promoting gut health and reducing the production of endotoxins that can trigger systemic

inflammation (Vuksan et al., 2010).

2.5.3. Antimicrobial Properties of Chia Seeds

Chia seeds (Salvia hispanica L.) are rich in bioactive compounds that exhibit significant

antimicrobial properties. These properties are primarily attributed to phenolic acids, flavonoids,

and saponins found in chia seeds. These compounds can effectively inhibit the growth of a

variety of bacteria, fungi, and viruses by disrupting their cellular structures and interfering with

their metabolic processes. Phenolic acids, such as gallic acid and caffeic acid, are abundant in

chia seeds and play a crucial role in their antimicrobial activity. These compounds have been

shown to exhibit broad-spectrum antimicrobial effects against various pathogens. Studies have

demonstrated that phenolic acids from chia seeds are effective against a range of bacteria,

including Staphylococcus aureus, Escherichia coli, and Salmonella typhimurium. Gallic acid and
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caffeic acid disrupt bacterial cell membranes, leading to cell lysis and death. They also interfere

with bacterial enzyme activity and DNA synthesis, inhibiting bacterial growth and reproduction

(Grancieri et al., 2019).

Phenolic acids exhibit antifungal properties against fungi such as Candida albicans and

Aspergillus niger. These compounds disrupt the fungal cell membrane integrity and interfere

with ergosterol synthesis, which is essential for fungal cell membrane structure and function.

This results in the inhibition of fungal growth and proliferation (De Souza et al., 2015).

Flavonoids, including quercetin and kaempferol, are another group of bioactive compounds in

chia seeds that contribute to their antimicrobial properties. These flavonoids have been shown to

possess antibacterial, antifungal, and antiviral activities. Flavonoids like quercetin and

kaempferol inhibit the growth of bacteria such as Pseudomonas aeruginosa, Bacillus cereus, and

Listeria monocytogenes. They achieve this by targeting bacterial cell walls and membranes,

disrupting their integrity and permeability. Flavonoids also inhibit bacterial enzymes and

interfere with nucleic acid synthesis, preventing bacterial replication and survival (Ramos et al.,

2017). Flavonoids are effective against fungal pathogens such as Penicillium expansum and

Fusarium oxysporum. They inhibit fungal growth by disrupting the cell wall and membrane

integrity, leading to cell leakage and death. Additionally, flavonoids can inhibit the synthesis of

essential fungal components like chitin, further impairing fungal viability (Hassan et al., 2019).

Saponins have been shown to be effective against bacteria such as Streptococcus mutans and

Helicobacter pylori. They bind to the bacterial cell membrane, causing increased permeability

and leakage of cellular contents, ultimately leading to bacterial cell death. Saponins also inhibit

bacterial adhesion and biofilm formation, further reducing bacterial virulence (Guzmán-
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Maldonado et al., 2019). Saponins exhibit antifungal effects against fungi like Trichophyton

mentagrophytes and Cryptococcus neoformans. They disrupt the fungal cell membrane by

forming complexes with sterols, leading to increased membrane permeability and cell lysis. This

disrupts the fungal cell's osmotic balance and results in cell death (Sparg et al., 2004).

2.5.4. Antidiabetic Properties

Chia seeds have been shown to have beneficial effects on blood glucose regulation and insulin

sensitivity, making them a valuable food for managing diabetes. The soluble fiber in chia seeds

forms a gel-like substance in the gut, which slows down the digestion and absorption of

carbohydrates. This helps in preventing rapid spikes in blood glucose levels post-meal (Ulbricht

et al., 2009). Phenolic acids such as caffeic acid and chlorogenic acid in chia seeds have been

shown to inhibit carbohydrate-hydrolyzing enzymes like alpha-amylase and alpha-glucosidase,

thereby reducing glucose absorption and postprandial blood glucose levels (Grancieri et al.,

2019). Quercetin and other flavonoids in chia seeds improve insulin sensitivity and enhance

glucose uptake by peripheral tissues, thus helping in better glycemic control (Jankovic et al.,

2012).

2.5.5. Anticancer Properties

Chia seeds exhibit anticancer properties due to the presence of bioactive compounds that inhibit

cancer cell proliferation and induce apoptosis. Quercetin and kaempferol in chia seeds have been

shown to inhibit the growth of cancer cells and induce apoptosis. These flavonoids modulate

signaling pathways involved in cell cycle regulation and apoptosis, thereby exerting anticancer

effects (Mabasa and Ijeh, 2012).Phenolic acids such as caffeic acid and chlorogenic acid have
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been found to possess anticancer properties by inhibiting the proliferation of cancer cells and

inducing cell death through various mechanisms (Kim et al., 2016). Saponins in chia seeds

exhibit cytotoxic effects against cancer cells by disrupting their cell membranes and inducing

apoptosis. These compounds also inhibit the growth of tumors and metastasis (Zhao et al., 2016).

2.6. Applications of Chia Seeds And Derived Products

Chia seeds (Salvia hispanica L.) have garnered significant attention for their exceptional

nutritional profile and versatility. Native to Central and South America, these tiny seeds are rich

in essential nutrients and have found applications across various industries, including food,

cosmetics, pharmaceuticals, and agriculture.

2.6.1. Nutritional and Culinary Uses

Chia seeds are used as a functional food or nutritional supplement. The seeds can be eaten whole,

after oil extraction (consumption of oil and meals) or ground as an additive to other foods. Chia

seeds have some advantages, including the higher amount of ω-3 (Ayerza and Coates, 2004), the

long shelf-life of whole seeds (Ahmed et al., 1994; Amato et al., 2015), and the lack of fishy

flavors (Coates and Ayerza, 1998). Ayerza and Coates (2011) stated that an adult who needs

2,700 calories a day should consume 22.5 to 26.5 grams of chia seeds or 9.6 to 9.7 grams of oil

per day to get the daily recommended amounts of omega-3 fatty acids. As chia has high amounts

of protein compared to other grains, it can be included in the human diet alone or as a food

ingredient to create a richer source of protein than other grains. Chia oil extracted may be used as

a condiment or in beauty products (Munoz et al., 2013). Also, it has been used for eye infections

in racial medicine (Lu and Foo, 2002; Reyes-Caudillo et al., 2008).
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By adding chia seeds and oil as additives to food products, we can achieve functional foods as

tested in bakery products (Pizarro et al., 2013; Silveira Coelho and de las Mercedes Salas-

Mellado, 2014). Chia seeds are gluten-free, so it is very suitable for celiac disease. Celiac disease

has become one of the most important gastrointestinal diseases today, and a gluten-free diet is

often prescribed for these patients (Steffolani et al., 2014). So, using chia seeds in the food

industry for the production of bread, bars, cookies, and breakfast products has increased

especially in the USA, Latin America, and Australia (Cerna et al., 2014). According to studies on

making bread, it is better to use whole or pre-soaked chia grains compared to ground grains

because it has less specific volume, higher firmness of bread and better color (Steffolani et al.,

2014).

Cerna et al. (2014) found that using 3% chia seeds to make bread is very suitable and ideal, and

they also concluded that the concentration and amount of seeds used in bread preparation only

affect its texture and color and it has no effect on its taste. When chia fruits hydrated, they

produced a gel surrounding the seeds. It absorbs water 27 times its weight (Munoz et al., 2012a,

b). Ahmed et al. (1994) stated hydrated chia seeds are traditionally used in beverages called

“agua fresca” or “chia Fresca” in Mexico. Polysaccharides of chia can be used in many

applications, from food to the pharmaceutical industry (de la Paz Salgado-Cruz et al., 2013).

2.6.2. Agricultural Applications

Chia seeds also contribute to agricultural practices, primarily as a source of animal feed and soil

enhancement. Because chia is rich in health-promoting compounds, it can be used in animal feed

to enhance the concentration of linolenic acid and reduce cholesterol levels in meat and eggs

(Mohd Ali et al., 2012). The main purpose of using chia in the animal diet was to increase the
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omega-3 fatty acid content of animal products. So far, only chia seeds (raw or processed) and

their oil, also other products such as seed meal, have been used in animal feed. There is no report

on how whole chia plants can affect the diet of animals (Ahmed et al., 1994; Peiretti and Gai,

2009; Peiretti, 2010; Amato et al., 2015).

Ayerza and Coates (1999, 2000, 2001) and Ayerza et al. (2002) stated that chia seeds do not

have some detriments, such as fishy flavor and digestive problems of other sources of

polyunsaturated fatty acids in the animal diet. In the study of poultry diets with chia seeds,

Ayerza and Coates (2000) found that their egg yolks are rich in polyunsaturated fatty acids and

have a low level of cholesterol and saturated fats. In a study, In a study Ayerza and Coates (2006)

feeding dairy cows with chia seeds, their outcomes showed that the percentage of omega-3 fatty

acids increased without affecting the production or content of total fatty acids and cholesterol.

Meineri and Peiretti (2007) used chia seeds for rabbit feed and reported that the regime

containing 10 % of chia seeds enhances the digestibility of acid detergent fiber, dry matter,

organic matter, crude protein, crude fiber and gross energy.

In another study, Peiretti and Meineri (2008) enhanced the chia seed ratio in the rabbit diet. Their

results showed polyunsaturated fatty acids in the meat significantly increased. Peiretti and Gai

(2009) with respect to chia leaves and whole plants, reported that the quality of chia forage

depends on the time of harvest and is optimal before shooting. Peiretti (2010), in an experiment,

showed that chia is a good plant for silage because by observing the deficiency of lactic acid and

the presence of alcohols and volatile fatty acids, it was determined that it had been fermented.
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Also, The residues from chia seed processing can be used as organic soil amendments. These

residues improve soil structure, water retention, and nutrient content, promoting sustainable

agricultural practices (Ixtaina et al., 2011).

2.6.3. Ethnobotanical and medical applications

Cahill (2003) stated that the leaves and vegetative parts of S. hispanica L. can be used for

pharmaceutical goals. According to Ahmed et al. (1994), chia leaves can be used to extract

flavors and aromas. Medical studies have shown that ω-3 fatty acids are essential nutrients and

play an important role in human health for the prevention of various diseases, including

cardiovascular disease, anti-thrombotic, antiinflammatory, anti-arrhythmic and plaque

stabilization (Galli and Marangoni, 2006).

In the point of nutritional value, vegetable oil composition is important. The n-3 fatty acids (FAs)

have a very vital role in body physiology and development, particularly during fetal and infant

growth (Bowen and Clandinin, 2005). Therefore, the health administration of many countries has

independently encouraged people to consume foods having high amounts of n-3 FAs and a

favorable n-3/n6 fatty acid (FA) ratio. With respect to this specific FA composition, the food

industry has to seek out peculiar fats and oils having these compounds to optimize the ‘‘fat

profile’’ of the end products (Dubois et al., 2007). Although traditionally, using oils with high

amounts of n-3 is the limited cause of their inconsistency and flavor reversion, the availability of

stabilized products allows manufacturers to provide different kinds of products (Shahidi, 2008).

Three out of every five people in the world die from diseases such as cardiovascular disease,

cancer and diabetes (Wang et al., 2016). These diseases are caused by high blood pressure, high

cholesterol and ultimately, overweight and obesity (World Health Organization, 2017).
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According to epidemiological studies, obesity is directly related to the consumption of sugar,

fructose and products containing high amounts of saturated fats. This dietary pattern, in which

people consume large amounts of fats, animal foods, refined carbohydrates and added sugars, is

often referred to as the “western diet” (Popkin et al., 2011; Popkin et al., 2004).

This type of diet is remarked as an unbalanced diet due to insufficient distribution of

macronutrients to meet human needs (Institute of Medicine, 2005). A steady and inactive

lifestyle and an unbalanced diet have led to obesity (World Health Organization, 2017), which

led to some events that are related to the development of some diseases like insulin resistance

(IR), type 2 diabetes mellitus, and cardiovascular diseases (Pozza and Isidori, 2018). Plant foods

contain bioactive compounds that can be used to prevent and treat disease (Borowska and

Brzoska, 2016). Chia seed is one of the plant foods known for its high concentration of beneficial

nutritional compositions (da Silva et al., 2017).
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CHAPTER THREE

MATERIALS AND METHODS

3.1. Collection of sample

The seeds of Salvia hispanica were procured from Uselu Market in Benin City, Edo State,

Nigeria, in July 2024. Upon acquisition, the seeds were authenticated in the Department of Plant

Biology and Biotechnology at the University of Benin, Benin City. Following identification, the

seeds were air-dried at a controlled room temperature of 25°C for approximately two weeks.

This drying process was essential to reduce moisture content and prevent microbial growth,

ensuring the seeds were in optimal condition for further processing. Once adequately dried, the

seeds were milled into a fine powder using a Thomas Wiley milling machine, which is designed

to produce a consistent particle size. The powdered seed samples were then carefully stored in

sterile containers to maintain their integrity and prevent contamination, pending subsequent

analyses.
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3.2 Test Organisms

The microorganisms selected for this study included Escherichia coli, Klebsiella pneumoniae,

Staphylococcus aureus, Streptococcus sp., and Pseudomonas aeruginosa. These bacterial strains

were obtained from a stock culture maintained in the Microbiology Laboratory at the University

of Benin, Benin City, Edo State. To ensure viability and consistency throughout the experiment,

all bacterial strains were routinely subcultured and maintained on freshly prepared nutrient agar

medium. This practice helped preserve the purity and potency of the test organisms, making

them suitable for the antimicrobial assays conducted during the study.

3.3 Sample Preparation

The Salvia hispanica seeds were first sorted to remove any debris or foreign material. Once clean,

the seeds were air-dried at room temperature (25°C) for about two weeks to reduce their

moisture content. After drying, the seeds were milled into a fine powder using a Thomas Wiley

milling machine. The milled seed powder was then sieved to obtain a uniform particle size,

ensuring consistency in subsequent analyses. Finally, the powdered Salvia hispanica seeds were

stored in sterile, airtight containers, ready for use in the experimental procedures.

3.4 Preparation of Muller Hinton Agar (MHA).

Muller Hinton agar medium was prepared by dissolving 38g of Muller Hinton agar medium in

1000 ml of distilled water according to manufacturer’s instructions. It was heated with frequent

agitation and boiled to dissolve the medium completely. The agar medium was sterilized by

autoclaving at 121oC for 15 minutes and then cooled at 45-50oC. The agar was poured into sterile

Petri-dish inside the laminar air flow chamber in order to prevent contamination of the medium.
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3.5. Preparation of Chia Seed Extracts

40 grams of the finely milled Salvia hispanica seed powder were weighed. The seed powder was

soaked in 100 ml of ethanol for 24 hours to facilitate the extraction of bioactive compounds. The

mixture was then filtered to separate the liquid extract from the solid residue. The residue was

washed with an additional 50 ml of ethanol to ensure maximum extraction. The combined filtrate

was concentrated under reduced pressure. The resulting concentrated extract was redissolved in

ethanol to achieve the desired concentration for further analysis. For the aqueous extraction, 40

grams of Salvia hispanica seed powder were weighed. The seed powder was soaked in 200 ml of

distilled water and allowed to stand at room temperature for 24 hours. After maceration, the

mixture was blended with an additional 100 ml of water to create a slurry. The slurry was then

filtered to obtain the aqueous extract. The filtrate was concentrated using an oven set at 60°C

until a thicker consistency was achieved.

3.6. Antibiotic susceptibility test

Test organisms were subjected to antibiotics sensitivity test using the Kirby Bauer disc diffusion

on prepared media. The antibiotic discs were carefully and firmly placed on the inoculated plates

using a sterile pair of forceps. The plates were inverted and incubated at 37°C for 24 h. The

diameter of the zone of inhibition was measured in millimeters (mm) using a meter rule. The

experiments were carried out in triplicates to minimize probability of error.

3.7. Antibacterial activity

The antibacterial activity against the test isolates was checked by agar well diffusion method.

Cultures of the isolates were aseptically swabbed on Muller Hinton agar plates (standardized

inoculums of the test bacteria adjusted to 0.5 MCFARLAND turbidity standards). Wells of 5 mm
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diameter was made aseptically by cork-borer on the Inoculated plates and different

concentrations of the oil extract were introduced into the labeled wells. The plates were

incubated at 37 °C for 24 h in an upright position. The zone of inhibition in millimeter was

recorded with the help of meter rule. The experiment was carried out in triplicates to minimize

probability of error.

3.7.1. Minimum Inhibitory Concentration

The lowest concentration of the oil extract which prevents visible growths of the test isolates on

the sterile medium was also determined by agar well diffusion method.

3.7.2. Minimum Bactericidal Concentrations

1 ml of the sample of known concentration was transferred into a test tubes, 1ml of the test

organisms previously diluted to 0.5 MCFARLAND turbidity standard was also introduced into

the test tubes and incubated for 24 hours. A loopful of the innoculum was aseptically introduced

on a sterile agar medium and incubated for 24 hours.

3.8 Phytochemical Screening

Detection of Flavonoids

Sulfuric acid test: A few drops of Sulfuric acid are added to the extracts and the

formation of orange colour indicates the presence of flavonoids.

Detection of Alkaloids

Add a few drops of Dragendorff’s reagent to the extract and the formation of a colored

precipitate indicates the presence of alkaloids.

Detection of Tannins

A few millilitres of the extract are mixed with a few millilitres of water and heated in a water



39

bath and the mixture is filtered. Ferric chloride is added to the filtrate. The dark green colour

indicates the presence of tannins.

Detection of Glycoside

A few millilitres of the extract are mixed with ammonia and heated in a water bath and the

formation of pink coloration indicates the presence of glycoside .

Detection of Saponins

0.5mg of the extract is mixed vigorously with 5ml of Distilled water. The formation of

frothing indicates the presence of saponins.

Detection of Sterols

A few drops of chloroform are added to the extract, followed by concentrated sulfuric acid along

the sides of the test tube. The formation of a reddish-brown ring at the junction of the two layers

indicates the presence of sterols.
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CHAPTER FOUR

RESULTS

In this study, the antimicrobial potential of Chia seed oil extract was assessed on some bacterial

isolates namely Escherichia coli, Staphylococcus aureus, Streptococcus sp, Salmonella,

Pseudomonas aeruginosa. and Klebsiella pneumoniae. In this study,

Table 1 shows the phytochemical test result, flavonoid, tanins, sterol, saponin, and glycoside

was present in both ethanolic and aqueous extract of the sample while alkaloid was absent from

all sample extract of the Chia seed oil extract.

Table 2 shows the zones of inhibition of aqueous and ethanolic extracts of Chia seed oil extract

against clinical isolates. The zones of inhibitions were measured in millimeters and the control

(ciprofloxacin) used in the study was also represented in millimeters.

Table 3 represent the minimum inhibitory concentration of the Chia seed oil extract against the

isolates. Staphylococcus aureus, Klebsiella pneumonia and Pseudomonas aeruginosa had the
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minimum inhibitory concentration at 100mg/ml for the ethanolic extracts, while Escherichia coli

and Streptococcus sp had no MIC, and Streptococcus sp, Salmonella, Pseudomonas aeruginosa.

and Klebsiella pneumonia and Escherichia coli had the minimum inhibitory concentration at

100mg/ml for aqueous extract.

Table 4 represents the minimum bacteriocidal concentration for both aqueous and ethanolic Chia

seed oil. The minimum bactericidal concentration in this study was obtained to be static for

Escherichia coli, Staphylococcus aureus, Streptococcus sp, Salmonella, and Klebsiella

pneumoniae. Pseudomonas aeruginosa was bactericidal at 100mg/ml for aqueous extract.

Table 4.1: Antibiotic potential of aqueous and ethanolic extracts of Chia seed oil extract on
the bacterial isolates.

Zones of Inhibitions (mm)

Test organism Extract 100% 50% 25% 12.50% CPX

(control)

Escherichia coli Ethanolic 16.00 0.00 0.00 0.00 24

Aqueous 20.00 11.00 0.00 0.00

Staphylococcus aureus Ethanolic 0.00 0.00 0.00 0.00 20

Aqueous 0.00 0.00 0.00 0.00

Streptococcus sp. Ethanolic 18.00 8.00 0.00 0.00

Aqueous 14.00 0.00 0.00 0.00 28

Pseudomonas

aeruginosa

Ethanolic 10.00 4.00 0.00 0.00

Aqueous 21.00 13.00 0.00 0.00 16

Klebsiella pneumoniae Ethanolic 14.00 10.00 3.00 0.00

Aqueous 7.00 4.00 0.00 0.00 22
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Key: CPX = Ciprofloxacin

Table 4.2: Minimum inhibitory concentration (MIC) of Chia seed oil extract in (mg/ml)

Ethanol L (extract) Aqueous (extract)

Escherichia coli - 100

Klebsiella pneumoniae 100 100

Staphylococcus aureus 100 -

Streptococcus sp. - 100

Pseudomonas aeruginosa 100 100
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Table 4.3: Minimum bactericidal concentration (MBC) of Chia seed extract oil on bacterial

isolates (mg/ml)

Ethanol (extract) Aqueous (extract)

Escherichia coli Static Static

Klebsiella pneumonia Static Static

Staphylococcus aureus Static Static

Streptococcus sp Static Static

Pseudomonas sp. Static 100
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Table 4.4: Phytochemical screening of Chia seed oil

PHYTOCHEMICALS INFERENCE

Alkaloid -

Flavonoid +

Glycoside +

Tanins +

Sterol +

Saponin +

Key: + = present

- = absent
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CHAPTER FIVE

DISCUSSION AND CONCLUSSION

5.1. DISCUSSION

Chia seed oil, derived from the seeds of Salvia hispanica, is increasingly recognized for its

potential medicinal benefits. The oil is rich in essential fatty acids, well as various bioactive

compounds, including antioxidants, vitamins, and minerals. Its medicinal properties have been

the subject of growing interest in both traditional and modern medicine. This study seek to

evaluate the phytochemical and antibacterial activity of chia seed oil on selected pathogenic

bacterial.

The phytochemical analysis of Chia seed extracts, as summarized in Table 1, reveals the

presence of flavonoids, tannins, sterols, saponins, and glycosides in both ethanolic and aqueous

extracts. Alkaloids were notably absent. The presence of these phytochemicals aligns with
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findings from other studies. For instance, a study by Moreno et al. (2013) demonstrated that

flavonoids and saponins contribute to the antimicrobial properties of various plant extracts.

Similarly, Pandey et al. (2017) reported that tannins and phenols are significant in mediating

antimicrobial effects, which corroborates our findings regarding the potential mechanisms of

Chia seed extracts.

The presence of flavonoids, tannins, sterols, saponins, phenols, and glycosides in both ethanolic

and aqueous extracts of Chia seed oil (Table 1) highlights its rich phytochemical profile. These

compounds are known for their antimicrobial properties, which can be attributed to their ability

to disrupt microbial cell membranes, inhibit enzyme activity, or chelate essential metal ions

required for microbial growth (Nostro et al., 2000; Kumar et al., 2012).

The effectiveness of Chia seeds oil in inhibiting bacterial growth can be compared to other plant

extracts. For instance, Kumar et al. (2020) studied the antimicrobial activity of flaxseed extracts

and found comparable inhibition zones, suggesting that Chia seeds, which are closely related to

flaxseeds, may share similar antimicrobial properties. This finding is consistent with the

observed inhibition zones for Streptococcus sp., Escherichia coli, Klebsiella pneumonia and

Pseudomonas aeruginosa in our study. Moreover, Chia seed extracts showed varying inhibition

across bacterial strains, which aligns with the results from the study by El-Mahmood et al. (2009)

on the antimicrobial activity of different plant extracts. The variations in effectiveness highlight

the complexity of antimicrobial activity, where certain phytochemicals may be more effective

against specific bacterial strains. Ciprofloxacin, used as a control, provided a benchmark for

comparison. The relative effectiveness of Chia seed oil extract compared to ciprofloxacin



47

underscores the potential of Chia seed oil as a natural antimicrobial agent, though its efficacy

may not match that of standard antibiotics

Table 3 details the MIC values of Chia seed oil extracts. The ethanolic extract exhibited an MIC

of 100 mg/ml for Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa.

This result is consistent with the findings of Singh et al. (2012), who reported similar MIC

values for ethanolic extracts of other medicinal plants. The MIC values for aqueous extracts

against Streptococcus spp., Salmonella, Pseudomonas aeruginosa, Klebsiella pneumoniae, and

Escherichia coli also align with the results of studies by Nascimento et al. (2000), which found

that aqueous extracts of various plants demonstrated comparable antimicrobial activity.

The absence of detectable MIC for Escherichia coli and Streptococcus spp. in ethanolic extracts

suggests a differential sensitivity, which may be attributed to the specific composition of the

extracts. Similar differential sensitivity was observed by Okwu and Morah (2006), who found

variable MIC values for different bacterial strains treated with plant extracts.

As shown in Table 4, the MBC values indicate that Chia seed oil extracts were generally

bacteriostatic, with Pseudomonas aeruginosa being bactericidal at 100 mg/ml for the aqueous

extract. This result is consistent with the findings of Sultana et al. (2016), who reported similar

MBC values for aqueous extracts of various seeds. The static nature of MBC for most isolates in

this study is in agreement with the results of studies by Ahmad et al. (2015), which demonstrated

that certain plant extracts exhibit bacteriostatic rather than bactericidal properties.

The antimicrobial activity observed in Chia seed oil extract is consistent with findings from

studies on chia seeds and other plant extracts. Chia seed oil, for instance, has been reported to
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exhibit antimicrobial properties due to its phytochemical composition, which includes flavonoids

and phenolic compounds (Gonzalez-Aguilar et al., 2014). The absence of alkaloids in Chia seed

oil, while not unusual, contrasts with other plant oils where alkaloids contribute to antimicrobial

activity (Rangari, 2004). The variability in antimicrobial efficacy among different bacterial

strains and extracts is a common theme in the literature, highlighting the need for targeted

research to optimize the use of plant extracts in antimicrobial applications.

5.2. CONCLUSION

Chia seeds offer a promising source of antimicrobial agents, and their bioactive compounds

warrant further investigation. This study contributes to the growing body of evidence supporting

the use of natural plant extracts in combating microbial infections, potentially paving the way for

new strategies in public health and medicine particularly in the face of rising antibiotic resistance.



49

REFERENCE

Ahmad, I., Mehmood, Z., & Mohammad, F. (2015). Antibacterial activity of some plant extracts.

Journal of Medicinal Plants Research 9(13):404-408.

Ahmed, M., Ting, I.P. and Scora, R.W.(1994). Leaf oil composition of Salvia hispanica L. from

three geographical areas. Journal of Essential Oil Research 6: 223–228.

Alberto, C.M., Sanso, A.M. and Xifreda, C.C. (2003). Chromosomal studies in species of Salvia

(Lamiaceae) from Argentina. Botanical Journal of the Linnean Society 141: 483-490.

Amato, M., Caruso, M.C., Guzzo, F., Galgano, F., Commisso, M., Bochicchio, R., Labella, R.

and Favati, F. (2015). Nutritional quality of seeds and leaf metabolites of chia (Salvia

hispanica L.) from Southern Italy. European Food Research and Technology 241: 615–

625.

Ayerza, R. (1995). Oil content and fatty acid composition of chia (Salvia hispanica L.) from five

northwestern locations in Argentina. Journal of the American Oil Chemists' Society 72:

1079–1081.



50

Ayerza, R. (2010). Effects of seed color and growing locations on fatty acid content and

composition of two chia (Salvia hispanica L.) genotypes. Journal of the American Oil

Chemists' Society 87(10): 1161–1165.

Ayerza, R. (2011). The seed’s oil content and fatty acid composition of chia (Salvia hispanica L.)

variety Iztac1, grown under six tropical ecosystems conditions. Interciencia 36(8): 620–

624.

Ayerza, R. (2013). Seed composition of two chia (Salvia hispanica L.) genotypes which differ in

seed color. Emirates Journal of Food and Agriculture 25(7): 495–500.

Ayerza, R. and Coates, W. (1999). An omega-3 fatty acid enriched chia diet: its influence on

egg fatty acid composition, cholesterol and oil content. Canadian Journal of Animal

Science 1999(79): 53–58.

Ayerza, R. and Coates, W. (2006). Influence of Chia on total fat, cholesterol, and fatty acid

profile of Holstein cow’s milk. Revista Cientifica de UCES 10(2): 39-48.

Ayerza, R. and Coates, W. (2009a). Some quality components of four chia (Salvia hispanica L.)

genotypes grown under tropical coastal desert ecosystem conditions. Asian Journal of

Plant Sciences, 8(4): 301–307.

Ayerza, R. and Coates, W. (2011). Protein content, oil content and fatty acid profiles as potential

criteria to determine the origin of commercially grown chia (Salvia hispanica L.).

Industrial Crops and Products 34(2): 1366-1371.

Ayerza, R. and Coates, W. (2000). Dietary levels of chia: influence on yolk cholesterol, lipid

content and fatty acid composition for two strains of hens. Poultry Science 79(5):724–

739.

Ayerza, R. and Coates, W. (2001). Omega-3 enriched eggs: the influence of dietary α-linolenic

fatty acid source on egg production and composition. Canadian Journal of Animal

Science 81(3): 355–362.



51

Ayerza, R. and Coates, W. (2004). Composition of chia (Salvia hispanica L.) grown in six

tropical and subtropical ecosystems of South America. Tropical Science 44(3): 131–135.

Ayerza, R. and Coates, W. (2009b). Influence of environment on growing period and yield,

protein, oil and linolenic content of three chia (Salvia hispanica L.) selections. Industrial

Crops and Products 30: 321–324.

Ayerza, R., Coates, W. and Lauria, M. (2002). Chia seed (Salvia hispanica L.) as an omega-3

fatty acid source for broilers: influence on fatty acid composition, cholesterol and fat

content of white and dark meats, growth performance, and sensory characteristics.

Poultry Science 81(6): 826–837.

Baginsky, C., Arenas, J., Escobar, H., Garrido, M., Valero, N., Tello, D., Pizarro, L., Valenzuela,

A., Morales, L. and Silva, H. (2016). Growth and yield of chia (Salvia hispanica L.) in

the Mediterranean and desert climates of Chile. Chilean Journal of Agricultural Research

76:255-264.

Bennett, M.D. and Leitch, I.J. (2011). Nuclear DNA amounts in angiosperms: targets, trends and

tomorrow. Annals of Botany 107: 467-590.

Betancur-Ancona, D., Gallegos-Tintore, S. and Chel-Guerrero, L. (2004). Wet-fractionation of

Phaseolus lunatus seeds: partial characterization of starch and protein. Journal of the

Science of Food and Agriculture 84(10): 1193–1201.

Bochicchio, R., Philips, T.D., Lovelli, S., Labella, R., Galgano, F., Di Marisco, A., Perniola, M.

and Amato, M. (2015a). Innovative crop productions for healthy food: The case of chia

(Salvia hispanica L.). In: Vastola, A. (Ed.). The Sustainability of Agro-Food and Natural

Resource Systems in the Mediterranean Basin. Springer, Pp. 29-45.

Bochicchio, R., Rossi, R., Labella, R., Bitella, G., Perniola. and M., Amato, M. (2015b). Effect

of sowing density and nitrogen top-dress fertilization on growth and yield of chia (Salvia

hispanica L.) in a Mediterranean environment: first results. Italian Journal of Agronomy

10(3): 163-166.



52

Borowska, S. and Brzoska, M.M. (2016). Chokeberries (Aronia melanocarpa) and their products

as a possible means for the prevention and treatment of noncommunicable diseases and

unfavorable health effects due to exposure to xenobiotics. Comprehensive Reviews in

Food Science and Food Safety 15(6): 982–1017.

Boszormenyi, A., Hethelyi, E., Farkas, A., Horvath, G., Papp, N., Lemberkovics, E. and Szoke,

E. (2009). Chemical and genetic relationships among sage (Salvia officinalis L.) cultivars

and Judean sage (Salvia judaica Boiss). Journal of Agricultural and Food Chemistry

57(11):4663-4667.

Bowen, R.A.R. and Clandinin, M.T. (2005). Maternal dietary 22:6n-3 is more effective than

18:3n-3 in increasing content in phospholipids of glial cells from neonatal rat brain.

British Journal of Nutrition 93(5):601–611.

Bresson, J.L., Flynn, A., Heinonen, M., Hulshof, K., Korhonen, H., Lagiou, P., Lovik, M.,

Marchelli, R., Martin, A., Moseley, B., Palou, A., Przyrembel, H., Salminen, S., Strain,

J.S.J., Strobel, S., Tetens, I., van den Berg, H., van Loveren, H. and Verhagen, H. (2009).

Opinion on the safety of Chia seeds (Salvia hispanica L.) and ground whole Chia seeds

as a food ingredient. European Food Safety Authority Journal 7(4) :996, 1-26.

Bushway, A.A., Wilson, A.M., Houston, L. and Bushway, R.J. (2006). Selected properties of the

lipid and protein fractions from chia seed. Journal of Food Science 49(2) : 555–557.

Cahill, J.P. (2003). Ethnobotany of chia, Salvia hispanica L. (Lamiaceae). Economic Botany 57:

604–618.

Cahill, J.P. (2004). Genetic diversity among varieties of chia (Salvia hispanica L.). Genetic

Resources and Crop Evolutions 51(7) :773–781.

Cahill, J.P. and Ehdaie, B. (2005). Variation and heritability of seed mass in chia (Salvia

hispanica L.). Genetic Resources and Crop Evolutions 52(2):201–207.

Cahill, J.P. and Provance, M.C. (2002). Genetics of qualitative traits in domesticated chia

(Salvia hispanica L.). Journal of Heredity 93(1):52-55.



53

Capitani, M.I., Nolasco, S.M. and Tomas, M.C. (2013). Effect of mucilage extraction on the

functional properties of chia meals. In: Muzzalupo, I. (Ed.), Food Industry Pp.421-437.

Cerna, M.F., Cabrera, J.C. and Siche, R. (2014). Optimizing acceptability of a bread chia (Salvia

hispanica L.) by Taguchi methodology. Agroindustrial Science 4(1):19-25.

Ciftci, O.N., Przybylski, R. and Rudzinska, M. (2012). Lipid components of flax, perilla, and

chia seeds. European Journal of Lipid Science and Technology 114:794-800.

Coates, W. (2011). Whole and ground chia (Salvia hispanica L.) Seeds, chia oil-effects on

plasma lipids and fatty acids. In: Preedy, V.R. (Ed.), Nuts and seeds in health and disease

prevention. Elsevier, Academic, San Diego. Pp. 309–315.

Coates, W. and Ayerza, R. (1996). Production potential of chia in northwestern Argentina.

Industrial Crops and Products 5(3):229–233.

Coates, W., and Ayerza, R. (1998). Commercial production of chia in northwestern Argentina.

Journal of the American Oil Chemists' Society, 75(10):1417–1420.

da Silva, B.P., Anunciacao, P.C., Matyelka, J.C.D.S., Della Lucia, C.M., Martino, H.S.D. and

Pinheiro-Sant’Ana, H.M. (2017). Chemical composition of Brazilian chia seeds grown in

different places. Food Chemistry 221:1709–1716.

De la Paz Salgado-Cruz, M., Calderon-Domınguez, G., ChanonaPerez, J., Farrera, R.R.,

Mendez-Mendez, J.V. and Diaz-Ramiırez, M. (2013). Chia (Salvia hispanica L.) seed

mucilage release characterization. A microstructural and image analysis study. Industrial

Crops and Products 51:453–462.

Dincoglu, A.H. and Yesildemir, O. (2019). A renewable source as a functional food: Chia seed.

Current Nutrition and Food Science 15:327-337.

Dubois, V., Breton, S., Linder, M., Fanni, J. and Parmentier, M. (2007). Fatty acid profiles of 80

vegetable oils with regard to their nutritional potential. European Journal of Lipid

Science and Technology 109(7):710–732.



54

Echeverrigaray, S. and Agostini, G. (2006). Genetic relationships between commercial cultivars

and Brazilian accessions of Salvia officinalis L. based on RAPD markers. Revista

Brasileira de Plantas Medicinais Botucatu 8:13-17.

EFSA NDA Panel (EFSA Panel on Dietetic Products Nutrition and Allergies). (2009). Scientific

Opinion on a request from the European Commission on the safety of ‘Chia seed (Salvia

hispanica) and ground whole Chia seed’ as a food ingredient. EFSA Journal 7(4):996, 1-

26.

EFSA. (2005). Opinion of the scientific panel on dietetic products, nutrition and allergies on a

request from the commission related to the safety of chia (Salvia hispanica L.) seed and

ground whole chia seed as a novel food ingredient intended for use in bread. EFSA

Journal 278:1–12.

El-Mahmood, A. M. and Dambatta, M. S. (2009). Antimicrobial activities of extracts of

medicinal plants. African Journal of Microbiology Research 3(7):363-369.

Estilai, A., Hashemi, A. and Truman, K. (1990). Chromosome number and meiotic behavior of

cultivated chia, Salvia hispanica (Lamiaceae). Horticultural Science 25:1646–1647.

FAO/WHO/UNU. (2008). Protein and amino acids requirements in human nutrition. Geneva,

Switzerland: WHO Library Cataloguing. Retrieved from

Farkas, A., Papp, N., Horvath, G., Nemeth, T.S., Szabo, I. and Nemeth, T. (2008). RAPD-based

genetic diversity among Salvia officinalis L. populations. Farmacia 56(3):339-343.

Figueira, G. M., Costa, F. M. and Lima, M. A. (2013). Antimicrobial activity of saponins.

Journal of Phytopathology 161(1):1-8.

Galli, C. and Marangoni, F. (2006). N-3 fatty acids in the Mediterranean diet. Prostaglandins

Leukotrienes and Essential Fatty Acids 75(3):129–133.



55

Gentry, H.S., Mittleman, M. and McCrohan, P.R. (1990). Introduction of chia and gum

tragacanth in the US. In Janick, J., and Simon, J.E. (Eds.), Advances in new crops.

Portland, OR: Timber Press. Pp. 252–256.

Gorjao, R., Azevedo-Martins, A.K., Rodrigues, H.G., Abdulkader, F., Arcisio-Miranda, M.,

Procopio, J. and Curi, R. (2009). Comparative effect of DHA and EPA on cell function.

Pharmacology and Therapeutics 122(1):56-64.

Grancieri, M., Martino, H.S.D. and de Mejia, E.G. (2019). Chia seed (Salvia hispanica L.) as a

source of proteins and bioactive peptides with health benefits: A review. Comprehensive

Reviews in Food Science and Food Safety 18(2):480-499.

Grimes, S.J., Phillips, T.D., Hahn, V., Capezzone, F. and Graeff-Hoenninger, S. (2018). Growth,

yield performance, and quality parameters of three early flowering chia (Salvia hispanica

L.) genotypes cultivated in southwestern Germany. Agriculture-Basel Journal 8(10):154.

Haque, M.S. and Ghoshal, K.K. (1980). Karyotypes and chromosome morphology in the genus

Salvia Linn. Cytologia 45:627–640.

Haque, Md.S. (1981). Chromosome number in the genus Salvia. In Proceedings, Indian

Academy of Plant Sciences 47: 419-426).

Harley, R.M. and Heywood, C.A. (1992). Chromosome numbers in tropical American Labiatae.

In Harley, R.M., and Renolds, T. (Eds.), Advances in Labiatae Science. London: Royal

Botanic Gardens, Kew. Pp. 211-246

Hasler, C.M., Kundrat, S. and Wool, D. (2000). Functional foods and cardiovascular disease.

Journal of Current Atherosclerosis 2:467-475.

Hernandez-Gomez, J.A., Miranda-Colin, S. and Pena-Lomeli, A. (2008). Natural outcrossing of

chia (Salvia hispanica L.). Revista Chapingo Serie Horticultura 14(3):331–337.



56

Heuer, B., Yaniv, Z. and Ravina, I. (2002). Effect of late salinization of chia (Salvia hispanica),

stock (Matthiola tricuspidata), and evening primrose (Oenothera biennis) on their oil

content and quality. Industrial Crops and Products 15(2):163–167.

Iglesias-Puig, E. and Haros, M. (2013). Evaluation of performance of dough and bread

incorporating chia (Salvia hispanica L.). European Food Research and Technology 237:

865-874.

Ixtaina, V.Y., Martinez, M.L., Spotorno, V., Mateo, C.M., Maestri, D.M., Diehl, B.W.K.,

Nolasco, S.M., and Tomas, M.C. (2011). Characterization of chia seed oils obtained by

pressing and solvent extraction. Journal of Food Composition and Analysis 24(2):166–

174.

Ixtaina, V.Y., Nolasco, S.M. and Tomas, M.C. (2008). Physical properties of chia (Salvia

hispanica L.) seeds. Industrial Crops and Products 28(3):286–293.

Jamboonsri, W. (2010). Improvement of new oil crops for Kentucky. Doctoral dissertations.

University of Kentucky Pp.120.

Jamboonsri, W., Phillips, T.D., Geneve, R.L., Cahill, J.P. and Hildebrand, D.F. (2012).

Extending the range of an ancient crop, Salvia hispanica L.-a new ω3 source. Genetic

Resources and Crop Evolutions 59:171-178.

Jamshidi, A.M., Amato, M., Ahmadi, A., Bochicchio, R. and Rossi, R. (2019). Chia (Salvia

hispanica L.) as a novel forage and feed source: A review. Italian Journal of Agronomy

14:1-18.

Javan, Z.S., Rahmani, F. and Reza, H. (2012). Assessment of genetic variation of genus Salvia

by RAPD and ISSR markers. Australian Journal of Crop Science 6(6):1068-1073.

Kaczmarczyk, M.M., Miller, M.J. and Freund, G.G. (2012). The health benefits of dietary fibre:

beyond the usual suspects of type 2 diabetes mellitus, cardiovascular disease and colon

cancer. Metabolism 61(8):1058-1066.



57

Kumar, S., Singh, V. P. and Prasad, R. (2020). Antimicrobial activity of flaxseed extracts.

Journal of Applied Pharmaceutical Science 10(2):40-45.

Lattimer, J.M. and Haub, M.D. (2010). Effects of dietary fibre and its components on metabolic

health. Nutrients 2(12):1266-1289.

Levan, A., Fredga, K. and Sandburg, A. (1964). Nomenclature for centromeric position on

chromosomes. Hereditas 52(2):201-220.

Lopes, M. C., Mota, R. A. and Silva, J. A. (2019). Flavonoids as antimicrobial agents. Journal

of Medicinal Plants Research 13(10):253-264.

Marineli, R.S., Moura, C.S., Moraes, E.A., Lenquiste, S.A., Lollo, P.C., Morato, P.N., Amaya-

Farfan, J. and Marostica Jr, M.R. (2015). Chia (Salvia hispanica L.) enhances HSP,

PGC-1α expressions and improves glucose tolerance in diet-induced obese rats. Nutrition

31(5):740–748.

Mehta, J., Saeed, M.S. and Saeed, A. (2020). Health aspects of Chia seeds (Salvia hispanica L.)

an overview. Current Research in Agriculture and Farming 1(3):9-12.

Meineri, G. and Peiretti, P.G. (2007). Apparent digestibility of mixed feed with increasing levels

of chia (Salvia hispanica L.) seeds in rabbit diets. Italian Journal of Animal Science

6(1):778–780.

Mohd Ali, N., Yeap, S.K., Ho, W.Y., Beh, B.K., Tan, S.W. and Tan, S.G. (2012). The

promising future of chia, Salvia hispanica L. Journal of Biomedicine and Biotechnology

2012:1–9.

Monroy-Torres, R., Mancilla-Escobar, M.L., Gallaga-Solorzano, J.C., Medina-Godoy, S. and

Santiago-Garcia, E.J. (2008). Protein digestibility of chia seed Salvia hispanica L.

Revista Salud Publica y Nutricion 9(1):1–9.

Montoya-Rodriguez, A., Gomez-Favela, M.A., Reyes-Moreno, C., Milan-Carrillo, J. and

Gonzalez, de Mejia E. (2015). Identification of bioactive peptide sequences from



58

amaranth (Amaranthus hypochondriacus) seed proteins and their potential role in the

prevention of chronic diseases. Comprehensive Reviews in Food Science and Food Safety

14(2):139–158.

Moreno, J. J. and Rivas-Gonzalo, J. C. (2013). Antimicrobial activity of flavonoids.

Phytotherapy Research 7(7):935-942.

Munoz, L.A., Aguilera, J.M., Rodriguez-Turienzo, L., Cobos, A. and Diaz, O. (2012a).

Characterization and microstructure of films made from mucilage of Salvia hispanica and

whey protein concentrate. Journal of Food Engineering 111(3):511–518.

Munoz, L.A., Cobos, A., Diaz, O. and Aguilera, J.M. (2012b). Chia seeds: microstructure,

mucilage extraction and hydration. Journal of Food Engineering 108:216–224.

Munoz, L.A., Cobos, A., Diaz, O. and Aguilera, J.M. (2013). Chia seed (Salvia hispanica): an

ancient grain and a new functional food. Food Reviews International 29(4):394–408.

Nadeem, M.A., Nawaz, M.A., Shahid, M.Q., Dogan, Y., Comertpay, G., Yildiz, M., Hatipoglu,

R., Ahmad, F., Alsaleh, A., Labhane, N., Özkan, H., Chung, G. and Baloch, F.S. (2018).

DNA molecular markers in plant breeding: current status and recent advancements in

genomic selection and genome editing. Biotechnology and Biotechnological Equipment

32:261-285.

Nascimento, G. G. F., Locatelli, J., Freitas, P. C., & Silva, G. L. (2000). Antibacterial activity of

plant extracts and phytochemicals on antibiotic-resistant bacteria. Brazilian Journal of

Microbiology 31(1):12-17.

Okwu, D. E. (2004). Phytochemicals and vitamin content of indigenous species of South Eastern

Nigeria. Journal of Sustainable Agriculture and Environment 6(2):1-10.

Okwu, D. E. and Morah, F. N. (2006). The antimicrobial activities of some plant extracts.

Journal of Plant Sciences 1(3): 94-98.



59

Oomah, B.D., Kenaschuk, E.O. and Mazza, G. (1995). Phenolic acids in flaxseed. Journal of

Agricultural and Food Chemistry 43(8):2016-2019.

Orona-Tamayo, D., Valverde, E.M. and Paredes, L.O. (2016). Chia-The new golden seed for the

21st century: Nutraceutical properties and technological uses. In: Book Sustainable

Protein Sources 17: 265-281.

Orozco de Rosas, G., Duran, P.N., Gonzalez, E.D.R., Zaracua, V.P., Ramirez, O.G. and Munguia,

Y.S.M. (2014). Projections of climate change and productive potential for Salvia

hispanica L. in agricultural areas of Mexico. Revista Mexicana de Ciencias Agrícolas

10:1831-1842.

Palma, F., Donde, M. and Lloyd, W.R. (1947). Fixed oils of Mexico. Part 1. Oil of chia - Salvia

hispanica. Journal of the American Oil Chemists' Society 2:27-32.

Palma-Rojas, C., Gonzalez, C., Carrasco, B., Silva, H. and Silva-Robledo, H. (2017). Genetic,

cytological and molecular characterization of chia (Salvia hispanica L.) provenances.

Biochemical Systematics and Ecology 73:16-21.

Pandey, A. and Singh, D. (2017). The role of phenols and tannins in antimicrobial activity.

Asian Journal of Chemistry 29(8):1700-1706.

Peiretti, P.G. (2010). Ensilability characteristics of chia (Salvia hispanica L.) during its growth

cycle and fermentation pattern of its silages affected by wilting degrees. Cuban Journal

of Agricultural Science 44(1):33–36.

Peiretti, P.G. and Gai, F. (2009). Fatty acid and nutritive quality of chia (Salvia hispanica L.)

seeds and plant during growth. Animal Feed Science and Technology 148(2–4):267–275.

Peiretti, P.G. and Meineri, G. (2007). Fatty acids, chemical composition and organic matter

digestibility of seeds and vegetative parts of false flax (Camelina sativa L.) after different

lengths of growth. Animal Feed Science and Technology 133:341-350.



60

Peiretti, P.G. and Meineri, G. (2008). Effects on growth performance, carcass characteristics, and

the fat and meat fatty acid profile of rabbits fed diets with chia (Salvia hispanica L.) seed

supplements. Meat Science 80(4):1116–1121.

Peperkamp, M. (2015). CBI Tailored Intelligence: chia from Bolivia a modern super seed in a

classic pork cycle. CBI Ministry of Foreign Affairs, The Hague, Netherlands, Pp. 16.

Pizarro, P.L., Almeida, E.L., Samman, N.C. and Chang, Y.K. (2013). Evaluation of whole chia

(Salvia hispanica L.) flour and hydrogenated vegetable fat in pound cake. Food Science

and Technology 54:73-79.

Popkin, B.M., Adair, L.S. and Ng, S.W. (2011). Global nutrition transition and the pandemic of

obesity in developing countries. Nutrition Reviews 70(1):3–21.

Popkin, B.M., Nielsen, S.J. and Bray, G.A. (2004). Consumption of high-fructose corn syrup in

beverages may play a role in the epidemic of obesity. American Journal of Clinical

Nutrition 79(4):537–543.

Ramamoorthy, T.P. (1985). Descripción de la flor Salvia L. In: Rzedowski J., Rzedowski G.C.

(Ed.). Flora Fanerogama del Valle de México. Volumen II (Dicotiledóneas). Instituto

Politécnico Nacional de México Pp. 298-310.

Reyes-Caudillo, E., Tecante, A. and Valdivia-Lopez, M.A. (2008). Dietary fibre content and

antioxidant activity of phenolic compounds present in Mexican chia (Salvia hispanica L.)

seeds. Food Chemistry 107:656–663.

Ribes, S., Peña, N., Fuentes, A., Talens, P. and Barat, J.M. (2021). Chia (Salvia hispanica L.)

seed mucilage as a fat replacer in yogurts: Effect on their nutritional, technological, and

sensory properties. Journal of Dairy Science 104:2822-2833.

Rocha Uribe, J.A., Novelo-Perez, J.I., Castillo-Kauil, H., Rosado-Rubio, G. and Alcocer, C.G.

(2011). Extraction of oil from chia seeds with supercritical CO2. Journal of Supercritical

Fluids 56:174–178.



61

Sandoval-Oliveros, M.R. and Paredes-Lopez, O. (2013). Isolation and characterization of

proteins from chia seeds (Salvia hispanica L.). Journal of Agricultural and Food

Chemistry 61(1):193–201.

Segura-Campos, M., Acosta-Chi, Z., Rosado-Rubio, G., Chel-Guerrero, L. and Betancur-Ancona,

D. (2014). Whole and crushed nutlets of chia (Salvia hispanica) from Mexico as a source

of functional gums. Food Science and Technology 34(4):701-709.

Shahidi, F. (2008). Omega-3 in foods. Inform AOCS 19:366–369.

Silveira Coelho, M. and de las Mercedes Salas-Mellado, M. (2014). Chemical characterization of

Chia (Salvia hispanica L.) for use in food product. Journal of Food and Nutrition

Research 2(5):263–269.

Singh, D., Mehta, V. and Gupta, S. (2012). Antimicrobial activity of ethanolic plant extracts.

Journal of Applied Microbiology 112(5):951-958.

Song, Z., Li, X., Wang, H. and Wang, J. (2010). Genetic diversity and population structure of

Salvia miltiorrhiza Bge in China revealed by ISSR and SRAP. Genetica 138:241-249.

Sosa, A., Ruiz, G., Rana, J., Gordillo, G., West, H., Sharma, M., Liu, X. and Robles de la Torre,

R.R. (2016). Chia crop (Salvia hispanica L.): its history and importance as a source of

polyunsaturated fatty acids omega-3 around the world: a review. Journal of Crop

Research and Fertilizers 1(104):1-9.

Steffolani, E., De La Hera, E., Perez, G. and Gomez, M. (2014). Effect of chia (Salvia hispanica

L.) addition on the quality of gluten-free bread. Journal of Food Quality 37:309-317.

Sultana, B., Anwar, F. and Ashraf, M. (2016). Antimicrobial activity of aqueous seed extracts.

International Journal of Food Science and Technology 51(5):1214-1220.

Takano, A. (2017). Taxonomic study on Japanese Salvia (Lamiaceae): Phylogenetic position of

S. akiensis, and polyphyletic nature of S. lutescens var. intermedia. PhytoKeys 80:87–104.



62

Tanksle, S.D. (1983). Molecular markers in plant breeding. Plant Molecular Biology Reporter

1:3-8.

Thaboran, S., Ketthaisong, D. and Lapjit C. (2020). Effects of time and concentration of ethyl

methane sulfonate (EMS) on chia (Salvia hispanica L.). Acta Horticulturae, 1298, ISHS

2020:491-496.

Ting, I.P., Brown, J.H., Naqvi, H.H., Kumamoto, J. and Matsumura, M. (1990). Chia: a

potential oil crop for arid zones. In: Proceedings of the 1st International Conference of

New Industrial Crops and Products, Riverside, CA, USA Pp. 197-202.

Valdivia-Lopez, M.A. and Tecante, A. (2015). Chia (Salvia hispanica): a review of native

Mexican seed and its nutritional and functional properties. Advances in Nutrition and

Food Science 75:53-75.

Wang, B., Zhang, Y., Chen, C.B., Li, X.L., Chen, R.Y. and Chen, L. (2007). Analysis on genetic

diversity of different Salvia miltiorrhiza geographical populations in China. Zhongguo

Zhong Yao Za Zhi, 32:1988-1991.

Wang, H., Naghavi, M., Allen, C., Barber, R.M., Carter, A., Casey, D.C. and Zuhlke. L.J. (2016).

Global, regional, and national life expectancy, all-cause mortality, and cause-specific

mortality for 249 causes of death, 1980–2015: A systematic analysis for the Global

Burden of Disease Study 2015. Lancet 388:1459–1544.

Weber, C.W., Gentry, H.S., Kohlhepp, E.A. and McCrohan, P.R. (1991). The nutritional and

chemical evaluation of chia seeds. Ecology of Food and Nutrition 26:119–125.

Wojahn R.E., Bortolotto R.P., Zamberlan J.F., Koefender J., Tragnago J.L., Camera J.N., Pasini

M.P.B., Salazar R.F.S., Damiani F. (2018). Agronomic feasibility of growing chia in

northwestern Rio Grande do Sul. HOLOS 34 (3):112-122.

World Health Organization. (2017). Noncommunicable diseases progress monitor 2017. World

Health Organization.



63

Yeboah, S., Owusu Danquah, E., Lamptey, J.N.L., Mochiah, M.B., Lamptey, S., Oteng-Darko,

P., Adama, I., Appiah-Kubi, Z. and Agyeman, K. (2014). Influence of planting methods

and density on performance of chia (Salvia hispanica) and its suitability as an oilseed

plant. Agricultural Science 2(4):14-26.

Yue, G.H., Lai, C.C., Lee, M., Wang, L., Song, Z.J. (2021). Developing first microsatellites and

analysing genetic diversity in six Chia cultivars. Genetic Resources and Crop Evolution.

In Review.

Zettel, V., Hitzmann, B. (2018). Applications of chia (Salvia hispanica L.) in food products.

Trends in Food Science and Technology 80:43-50.

Zhang, Y., Li, X. and Wang, Z. (2013). Diversity evaluation of Salvia miltiorrhiza using ISSR

markers. Biochemical Genetics 51:707-721.

Zhiyun, Y., Gong X. and Pan, Y. (2004). Cytological study of six Salvia species (Lamiaceae)

based genetic diversity among Salvia officinalis L. populations. Farmacia 56:339-343.


	CERTIFICATION
	APPROVAL
	DEDICATION
	ACKNOWLEDGEMENTS
	I would like to express my profound gratitude and 
	I would also like to give a big thank you to my pa
	Finally, I would like to appreciate my friends  Am
	Aim and Objectives……………………………………………………………………….....
	2.4.2.Sterols
	2.4.3.Tannins
	2.4.4.Saponins
	2.5.1.Antioxidant Properties
	2.5.2.Anti-inflammatory Properties
	2.5.3.Antimicrobial Properties of Chia Seeds
	2.5.4.Antidiabetic Properties
	2.5.5.Anticancer Properties

	3.8Phytochemical Screening
	Detection of Alkaloids
	Detection of Tannins
	Detection of Glycoside
	Detection of Saponins
	Detection of Sterols


