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ABSTRACT  

With the increased global public health awareness, there is an increase in 

ultimatum calls for functional foodstuff with various health impacts. The 

utilisation of therapeutic foodstuff to avert illnesses like obesity, diabetes, 

and heart disease is obtaining motion among people. Chia seeds are dietary 

and medicinal species used as a herb in the ancient period by Aztec and 

Mayan communities. Chia is receiving scientific attention in the present time 

and is a non-conventional seed that has been recognised as a novel food. It is 

a customary food in Southern and Central America. It contains large 

amounts of phytochemicals and proteins, making it more consumed 

worldwide for its numerous health benefits to sustain healthy serum fat 

levels.  

These seeds contain polyunsaturated omega-3 fatty acids with anti-

inflammatory effects, promote cognitive performance, and lower cholesterol 

levels. Caffeic acid found in the seeds has antioxidant compounds that 

protect the body from free radicals, cancer and contains anti-ageing 

properties. Fibres are present in high concentrations, are connected with 

lowering inflammation, controls bowel movement, and reduce cholesterol 

levels. Chia seeds contain the nutritional value that aid in disease control, 

such as diabetes, hypertension, cancer, obesity, and heart disease. The 

presence of omega-6 and omega-3 present in chia seed and active compounds 

makes the chia seed contain crucial health benefits. 

Nevertheless, the efficacy and safety of natural food require validation by 

numerous scientific research and studies. Nowadays, most species are 

utilised worldwide for their nutritional characteristics and beneficial 

impacts on human health. The review summarises the recent information on 

chia seed, emphasising the phytochemicals, bioactivities, and applications.  
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I. INTRODUCTION 

Chia (Salvia hispanica L) is grown mainly for its' seeds. 

Chia plant produces purple and white flowers, which are three 

or four millimetres tiny and hermaphrodites. Chia seeds are 

herbaceous plants initially from southern Mexico and North 

Guatemala [1]. These are edible seeds of Salvia hispanica 

from the mint family (Lamiaceae). The species S. hispanica 

yields several dry indehiscent fruits referred to as seeds. The 

tiny white and black seeds were used with beans, amaranth, 

or corn as essential foods in the pre-Columbian period. Chia 

seeds are oval-shaped and contain a diameter of two 

millimetres with grey-black and white spots. The seeds 

absorb liquid when soaked and develop a mucilaginous 

coating that provides a distinctive gel texture to chia-based 

foods. Seed yield differs with cultivars and growing 

conditions [2]. The Salvia genus contains nearly nine hundred 

species widely distributed around various regions such as 

South and North America, Southern Africa, South-East Asia, 

and Central America. Chia has also been grown in areas like 

Bolivia, Columbia, Peru, Argentina, and Europe [3]. 

Chia seeds were used in the Mesoamerican culture, Mayas, 

and Aztecs, together with beans, amaranth, and corn to 

prepare food and medicines. In the pre-Columbian 

communities, chia seed was the subsequent key produce with 

beans on the first row. Chia was used for cosmetics, food, and 

religious rituals by the Aztec societies [1]. The seed colour 

may vary from grey, black, or black-spotted to white. Black 

and white chia seeds contain similar nutritional value. Black 

seeds have a protein content of 16.9% with 32.6% fibre 

content, while white seeds contain 16.5% protein content 

with 32.4% fibre content[4]. The white seeds appear larger, 

broader, and thicker, unlike the black ones. 

Chia is a macro thermal short-day blossoming plant; hence 

planting should be conducted in late spring to allow flowering 

in the late summer or during fall at the high latitudes [5]. 

However, the probabilities of yielding seed are minimal as 

grain filling is hindered by frost. Due to this effect, early chia 

flowering plants were developed through genetic mutations 

[6]. The early flowering seeds produced variant results after 

analysis. The commercialised chia seed contains a coat colour 

that ranges from grey and black dotted to white. The two 

genotypes have been proven to have no variance in chemical 

composition [6]. Chia seeds are utilised to enhance the 

omega-3 fatty acid composition of animal products such as 

poultry, rabbit, or eggs [7]. Most secondary metabolites fit in 
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the Chia seeds like flavonoids, and their polyphenols and 

glycosides are made up of caffeic acid building blocks, 

proanthocyanidins, and anthocyanin [8]. 

Chia has become a recognisable food due to its nutritional 

value, the chia seeds are rich in a linolenic acid (C18:3 n-3, 

ALA), vitamins, and phenolic acids [9]–[11]. The presence of 

fatty acids in chia seed is crucial for health, antimicrobial, and 

antioxidant activity [12]. Most species from the genus salvia 

have horticultural and homoeopathic importance as good 

sources of natural constituents like flavonoids such as 

myricetin, quercetin and kaempferol, and polyphenols 

chlorogenic and caffeic acid [13], [14]. 

Chia seeds contain functional purposes that help the 

digestive system, enhance skin health, support strong bones 

and muscles, and help reduce heart illnesses, among other 

diseases [15]. The seed has no mycotoxins and gluten [16]. 

Lately, discoveries concerning the nutritional properties, 

phytochemical, bioactivities, and its application have been 

conducted. This study aims to bring out the information on 

phytochemicals focusing on the bioactivities and application 

of chia seeds. 

 

II. CHIA SEED PHYTOCHEMICALS 

Numerous active components, phenolic components, and 

vital fatty acids are present in chia seeds. The active 

components include Myricetin, Kaempferol, Quercetin, 

caffeic acid, Omega-3, and Omega-6 [2], [17]. The 

concentrations of these active compounds may vary due to 

cultivation regions. The environmental variations, climate 

changes, nutrient availabilities, cultivation year, or soil 

conditions affect the composition of phytochemicals [18]. 

Chia seed has high-fat content (30-33%), proteins (15-25%), 

dietary fibre (18-30%), carbohydrates (26-41%), vitamins, 

antioxidants, and minerals [19]. 

Chia seeds contain majorly polyunsaturated fatty acids 

(linoleic acids and α-linolenic acids) [20]. Chia seed has 39% 

oil which contains 19% omega-6 and 68% omega-3 fatty acid 

[21]. Temperature decreases the protein content [22]. At a 

low elevation attitude, the saturated fat content increase at 

high temperatures. The developmental stage influences the 

chemical composition of chia seed, where the linolenic acid 

tends to decrease by 23% from the early to mature stage while 

increasing linoleic acid and lignin content [22].  

A. Flavonoids 

Flavonoids are an essential natural product class; they are 

commonly secondary metabolites with a polyphenolic 

structure [23], [24]. The polyphenol group consists of a 

fifteen-carbon element with two benzene rings. Flavonoids 

contain biochemical functions like antiviral, antioxidant, 

hepatoprotective, antibacterial, anti-inflammatory, and 

anticancer properties [25], [26]. These compounds are present 

in chia seeds, and microbial infection effects increase their 

synthesis. The most common flavonoids in Chia seeds are 

Myricetin, Quercetin, and Kaempferol [2], [14]. 

Naturally, flavonoids compounds are found in several parts 

of the plant and can be extracted. Flavonoids are mainly used 

by plants for growth and protection against plaques [27]. The 

flavonoids can be categorised 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 [23]. The 

subgroup flavones are the most present flavonoid in Chia, and 

Its subclasses consist of Quercetin, Myricetin, Kaempferol, 

Rutin, and Morin[23]. 

B. Myricetin 

Chia seed contains myricetin compounds. Myricetin is 

among the flavonoid group of phenolic compounds 

containing antioxidant features. This compound is produced 

from the central element taxifolin via intermediate 

dihydromyricetin and later processed into laricitrin and 

eventually syringetin, which are flavonoid categories [28]. 

Antioxidants are molecules that aid in protective effects 

against diseases such as cardiovascular disease and cancer. 

Myricetin induces the enzyme glutathione S-transferase 

which protects cells against oxidative stress by inhibiting free 

radicals from attacking the cells [29]. 

 

 
 

Molar mass: 318.2351 

Formula: C15H10O8 

1) Chemical structure of Myricetin 

Myricetin undergoes autoxidation, making it to be a pro-

oxidant. In the presence of cyanide, autoxidation occurs, 

producing superoxide, a by-product characterised by causing 

cellular damage[30]. Myricetin functions as a pro-oxidant 

because it can raise hydroxyl radicalisation through the 

reaction of hydrogen peroxide and iron ions. The resulting 

radicals are connected with DNA degradation [31]. Myricetin 

can function as a blocking agent in contrast with glutathione 

reductase accountable for stimulating glutathione, a 

scavenger for peroxides and free radicals [32]. Myricetin 

compounds contain anticarcinogenic properties as it inhibits 

polycyclic aromatic hydrocarbons that causes skin 

tumorigenicity [33]. 

C. Quercetin 

Chia seed has quercetin flavonoid compounds which is a 

naturally occurring pigment. Quercetin is flavonol in the 

polyphenols group and has an unpleasant flavour. It is a 

common component in dietary complements, foods, and 

beverages [31]. Phenylalanine is changed into 4-coumaroyl-

CoA during the phenylpropanoid pathway. One molecule is 

added into the other three malonyl-CoA molecules resulting 

in the formation of tetrahydroxychalcone using 7, 2’-

dihydroxy-4’-methoxyisoflavanol synthase [34]. Chalcone 

isomerase converts tetrahydroxychalcone into naringenin 

which is later changed into eriodictyol by the use of 3'-

hydroxylase flavonoid. Eriodictyol, by using flavanone 3-

hydroxylase, is converted into dihydroquercetin, which is 

transformed into Quercetin using the flavonol synthase 

enzyme [35]. 
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Molar mass: 302.236 g/mol 

Formula: C15H10O7 

1) Chemical structure of Quercetin 

Quercetin has antioxidant properties that help reduce the 

oxidation of low-density lipoprotein by scavenging free 

radicals and can help prevent several diseases [36], [37]. The 

antioxidant action of Quercetin allows for lipid peroxidation 

inhibition such that unsaturated fatty acids are not converted 

into free radicals [31]. Quercetin also helps lower 

inflammation through scavenging free radicals. Free radicals 

are responsible for the activation of cytokines which are 

likely to cause inflammatory illnesses [38], [39]. 

D. Kaempferol 

It is a natural flavonoid found in several plant foods, such 

as chia seeds. It is a tetrahydroxyflavone molecule in which 

its four hydroxy groups are situated at positions 3, 5, 7, and 

40 and appears yellow transparent solid portraying a melting 

point of 276-278 ℃ [29], [40]. This flavonoid is soluble in 

hot alcohol products such as ethanol [31]. Phenylalanine can 

be transformed into 4-coumaroyl-CoA, where it syndicates 

with 3 malonyl-CoA molecules to generate naringenin 

chalcone with the aid of the enzyme chalcone synthase [41], 

[42]. Naringenin is produced from naringenin chalcone to 

generate dihydrokaempferol, which is later acted upon to 

produce Kaempferol. Kaempferol has similar functional 

properties, just like other flavonoids [43]. 

 

 
 

Molar mass 286.23 g/mol 

Formula: C15H10O6 

1) Chemical structure for Kaempferol 

Kaempferol exhibit numerous pharmacological properties, 

among them antioxidant, anti-inflammatory, antitumor, 

antimicrobial, neuroprotective, cardioprotective, and 

antidiabetic activities [44].  

Epidemiological researches have shown that a high intake 

of Kaempferol is linked with decreased occurrences of 

different types of cancers such as liver, skin, stomach, 

pancreas, colon, ovary, and bladder [45], [46]. Consumption 

of kaempferol rich foods like Chia seeds and associated 

applications in cancer therapy is getting enormous attention 

amongst the research community [47]. In order to overcome 

Kaempferol low bioavailability studies [48] suggest should 

be combined with Quercetin to elevate its bioavailability, thus 

improving its bio-efficacy. 

E. Caffeic Acid  

Caffeic Acid (CA) is produced through the secondary 

metabolism of foods and contains hydroxycinnamic acid 

present in the human diet [49]. Caffeic acid is present in 

simple monomers such as sugar esters, amides, organic acids, 

and complex forms such as glycosides, dimers, or trimers 

[31]. Caffeic acid is crucial in the biological and chemical 

chia seed viewpoint [3], [50]. It consists of a dihydroxy-

phenyl group connected with acrylic acid, which forms the 

molecular structure of metabolites found in the Lamiaceae 

family [51]. It can be categorised as hydroxycinnamic acid, 

often connected to quinic acid in various points, producing 

metabolite clusters known as caffeoylquinic acids, where 

chlorogenic acid is the most plentiful polar extract of chia 

seeds [8], [50]. In the chia seed metabolome, monomers of 

caffeic acid building blocks are present. Ultra-high 

performance liquid chromatography (UHPLC) has been 

applied to separate caffeic acid monomers from the chia seeds 

[8]. The authors [8] discovered a high concentration of caffeic 

acid (0.0274 mg/g) higher than reported for blueberry 

(0.0216 mg/g), papaya (0.0159 mg/g), and mango 

(0.0274 mg/g), but lower than the reported concentration of 

peach. According to [25] Caffeic acid from Chia seeds 

contains antioxidant, anticarcinogenic, anti-hypertensive, 

neuron-protective effects and anti-inflammatory activity. 

 

 
 

Molar mass: 180.16 g/mol 

Formula: C9H8O4 

1) Chemical structure of Caffeic acid 

F. Chlorogenic 

Chlorogenic acid, abbreviated as CGA, is the ester of 

caffeic with quinic acid [52]. Recent studies have shown chia 

seeds to contain amounts of chlorogenic acid [53], [54].  

 

 
 

Molar mass: 354.31 g/mol 

Formula: C16H18O9 

1) Chemical structure of chlorogenic acid 

Chlorogenic acid has various potential health effects, most 

notably reducing blood pressure [55] and weight management 

[56], [57]. According to [58] chlorogenic acid improves 

mood, reduces the risk of infection, and lowers blood sugar 

levels. Chlorogenic acid mainly applies its effects by 

hindering the alpha-glucosidase enzyme in charge of 

breaking glucose and carbohydrates during digestion [59], 

[60].  

Chia seeds are believed to contain other active compounds 
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such as rosmarinic acid, cinnamic, gallic, and isoflavones 

such as glycitein, genistein, and daidzein [3]. Most of the 

flavonoids found in chia seed have been proven through 

researches to have anticarcinogenic, anti-hypersensitive, and 

neuron protective activities [31]. Chia seed contains 

antioxidants and no toxic mycotoxins present. 

[61] They analysed Chia seeds antioxidant activity, total 

phenolic content, and quantification of the phenolic 

compounds using Ultra-High-Performance Liquid 

Chromatography. Through this method, major phenolic 

compounds were measured; caffeic acid, rosmarinic, and 

daidzein [50]. All the Phenolic compounds in Chia seeds are 

presented below.  

 

TABLE I: PHENOLIC PHYTOCHEMICALS FROM SALVIA HISPANICA (CHIA) SEEDS 

Phenolic compounds Quantification Origin Analytical technique used References 

Flavonoids     

Myricetin 
0.115-0.121 mg/g 

3.1×10-3 mol/kg 

Tzotzol and Iztac (Ecuador) 

I.m. (West lafayette, US) 

HPLC 

TLC, GLC and UV 

[62] 

[63] 

Quercetin 

0.17 μg/g 

0.007-0.006 mg/g 

0.150–0.268 mg/g 

0.2 * 10-3 mol/kg 

I.m. (Sao Paulo, Brazil) 

Tzotzol and Iztac (Ecuador) 

Jalisco and Sinaloa (Mexico) 

I.m. (West lafayette, US) 

UPLC 

HPLC 

HPLC 

TLC, GLC and UV 

[63] 

[62] 

[14] 

[63] 

Kaempferol 

0.025–0.024 mg/g 

0.006 mg/g 

0.360–0.509 mg/g 

Tzotzol and Iztac (Ecuador) 

Chionacalyx (Mexico) 

Jalisco and Sinaloa (Mexico) 

HPLC 

UHPLC 

HPLC 

[62] 

[8] 

[14] 

Caffeic acids derivatives     

Caffeic acids 

0.030 mg/g 

0.139-0.1490 mg/g 

0.003- 0.006 mg/g 

6.6 * 10-3 mol/kg 

T 

I.m. (Sao Paulo, Brazil) 

Tzotzol and Iztac (Ecuador) 

Jalisco and Sinaloa (Mexico) 

m. (West lafayette, US) 

 

UPLC 

HPLC 

HPLC 

TLC, GLC and UV 

 

[63] 

[62] 

[14] 

[63] 

 

Chlorogenic acid 

0.004 mg/g 

0.226-0.218 mg/g 

0.102-0.045 mg/g 

0.9267 mg/g 

I.m. (Sao Paulo, Brazil) 

Tzotzol and Iztac (Ecuador) 

Jalisco and Sinaloa (Mexico) 

Chionacalyx 

(Mexico) 

UPLC 

HPLC 

HPLC 

UHPLC 

[63] 

[62] 

[14] 

[8] 

Rosmarinic acid 0.9267 mg/g Chionacalyx (Mexico) UHPLC [8] 

Ferulic acid T Chionacalyx (Mexico) UHPLC [8] 

 

III. NUTRITIONAL COMPOSITION OF CHIA SEEDS 

A. Protein Content 

The protein content of chia seed varies regarding the place 

of growth, and agronomic factors can range between 15% to 

23% [53], [64]–[66]. Chia seeds (per 100 g) have more 

proteins (16.54 g) than other cereals like oats (13.6 g), wheat 

(11.8 g), barley (11.5 g), corn (11.1 g) and rice (6.8 g) [53], 

[67], [68]. Chia seeds are an excellent source of essential 

amino acids that have significant benefits to the body [67], 

[69]. Chia seeds do not have gluten content, making them 

more valuable to patients suffering from celiac illnesses [1], 

[53]. Food rich in protein is recommended to individuals who 

need to lose weight. Chia seed comprises 20 amino acids 

where 8 of which were associated with the generation of plant 

phospholipids connected with high concentrations of 

polyunsaturated fatty acids[50], [70]. 

Globulin makes about 52% of the total amino acids in Chia 

seeds, making it the most abundant protein with the most 7s 

and 11s proteins and a molecular size range of 15 to 50 kDa 

[50]. The chia seeds have a good balance of non-essential and 

essential amino acids[67].  

A high intake of proteins has been shown to lower appetite 

and decrease obsessive food obsessive thought by 60 % and 

temptation of the night snacking by 50 % [71], [72]. Chia 

seeds are a rich source of proteins, especially for persons who 

consume little or no animal products.  

The composition of amino acids in Chia seeds is shown in 

the table below. 

 
TABLE II: AVERAGE AMINO-ACID COMPOSITION OF CHIA SEED 

Amino acid 
Grams/100 

grams 
Amino acid 

Grams/100 

grams 

Serine 1.05 Threonine 0.709 

Tyrosine 0.563 Glutamic acid 3.5 

Arginine 2.14 Isoleucine 0.801 

Cystine 0.407 Tryptophan 0.436 

Leucine 1.37 Lysine 0.970 

Proline 0.776 Methionine 0.588 

Aspartic acid 1.69 Histidine 0.531 

Glycine 0.943 Valine 0.95 

Alanine 1.044 Phenylalanine 1.02 

Source: USDA National Nutrient Database for Standard Reference Release 

28, 2018. 

 

B. Dietary Fibre 

Chia contains high levels of fibre that range between 34 g 

to 40g of dietary fibre in every 100-gram serving. On the basis 

of their phytochemicals, dietary fibres are categorised into 

Insoluble fibre, which holds the highest percentage of about 

85% to 90%, and soluble fibre holds about 7% to 15% [21], 

[73]. The fibre present in the chia seed lowers the risk of 

various diseases such as type-2 diabetes, stroke, 

hypertension, hyperlipidaemia, myocardial infarction, 

hyperglycaemia, coronary heart disease and several types of 

cancers [14], [53]. The high amount of fibre consumed in a 

diet also reduces hunger experiences. As per the American 

Dietetic Association, dietary fibre from Chia has been shown 

to have health benefits for good health maintenance and 

prevention of diseases [53]. The fibre is analysed for its 

insoluble constituents, which are utilised as a suspending 

agent, emulsifier, and foam stabiliser for food and 

pharmaceutical functions because of its physical 

characteristics, water-holding ability, and viscosity [74]. Chia 

seed dietary fibre is between 34 g and 40 g per 100 g, which 
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is an equivalent of 100% of the adult population daily 

recommendation and much higher than other grains and 

vegetables like amaranth, Quinoa, and flaxseed [53], [75]. 

Chia holds 5% to 10 % mucilage, a soluble fibre [76], [77]. 

Chia seed insoluble fibre can retain water during hydration, 

offering bulk and prolonging the gastrointestinal transit 

period, raising blood sugar levels, and reducing insulin 

resistance [74]. 

 

 
Fig. 1. The dietary fibre content of various food products. 

Source: USDA National Nutrient Database for Standard Reference Release 
28, 2018. 

 

C. Minerals and Vitamins 

Minerals such as calcium, magnesium, phosphorus, and 

potassium are present in chia seeds. Chia comprises such 

vitamins as A, B, E, K, D, B1, B2, and niacin [54], [78]. 

Research has demonstrated Chia to have more mineral 

content than corn, rice, oats, and wheat, with 2.4 and 6 times 

higher than liver and iron spinach, respectively [79]. Chia 

contains 4 times more potassium, 6 times the calcium, and 11 

more phosphorus than 100g of milk [80]. Table III below 

shows the average minerals and vitamin content of chia seeds. 

 
TABLE III: AVERAGE MINERALS AND VITAMIN CONTENT OF CHIA SEEDS 

Vitamins Per 100 Minerals Per 100 

grams grams 

Vitamin-E 

(alpha-

tocopherol) (mg) 

0.50 Iron (mg) 7.72 

Vitamin-A (IU) 54 Potassium (mg) 407 

Niacin (mg) 8.83 Zinc (mg) 4.58 

Thiamine (mg) 0.62 Magnesium (mg) 335 

Vitamin C, Total 

ascorbic acid 

(mg) 

1.6 Phosphorus (mg) 860 

Riboflavin (mg) 0.17 Sodium (mg) 16 

Folate, total (µg) 49 Calcium (mg) 631 

Folate, food (µg) 49 Copper (mg) 0.924 

Vitamin B- 12 0 Manganese (mg) 2.72 

  Selenium (mg)  

Source: USDA National Nutrient Database for Standard Reference Release 

28, 2018. 

D. Total Fats 

Chia seeds have an average of 30.74% of total lipids [78]. 

It is an excellent source of alpha-linolenic fatty acids, an 

omega-3 fatty acid that promotes low omega-6 to the omega-

3 fatty acid ratio related to lowered risks of chronic conditions 

such as inflammatory conditions, heart, and cancer [74]. Chia 

seed oil has phenolic components such as carotenoids, 

phytosterols, and tocopherols linked with antioxidant action 

crucial in oil deterioration because of lipid oxidation [81]. 

The omega-3 fatty acid present in chia seed helps avert diet-

related chronic illnesses [82]. Alpha-linolenic acid content is 

above 50% of all fatty acid; hence chia seed is a natural origin 

of omega-3, crucial in human health and nutrition [82]. The 

percentage composition of fatty acids utilising the positive 

ion easy ambient sonic-spray ionisation mass spectrometry 

method includes palmitic (7.07%), α-linolenic (62.8%), 

linoleic (18.23%), oleic (7.04%), and stearic (3.36%) [19]. 

The fat composition can be significantly affected by the 

extraction process and the geographical region. According to 

[65] Chia seeds are highly concentrated with omega- 3 fatty 

acids (68 %) compared to menhaden fish (1.5 %) and 

flaxseeds (57.5 %). 

 

TABLE IV: SHOWING THE AVERAGE FATTY ACID COMPOSITION OF CHIA SEEDS 

Total saturated fatty acids 

is (gram per 100 grams) 
3.330 g 

Total monounsaturated fatty 

acids (gram per 100 grams) 
2.309 g 

Total polyunsaturated 

fatty acids (gram per 100 

grams) 

23.665 g 

22:0 0.32g 20:1 0.046g Cholesterol 0mg 

20:0 0.093g 18:1 2.203g Trans fatty acids 0.140g 

18:0 0.912g 17:1 0.000g 18:3 17.80g 

17:0 0.063g 16:1 0.029g 18:2 n-6 c, c 5.84g 

16:0 2.170g 14:1 0.030g 18:2 5.84g 

15:0 0.030g     

14:0 0.030g     

Source: USDA National Nutrient Database for Standard Reference Release 28, 2018. 

 

IV. BIOACTIVE COMPOUNDS 

A. Antioxidants and Antimicrobial Activity 

Chia seeds possess phenolic compounds with antioxidant 

activities [83], which can inactivate ABTS cation radicals. 

The antioxidant ability of the Chia seed has also been 

confirmed by [84]. The antioxidant phenolic nature in Chia is 

either in sugars in free form or by glycosidic linkages. 

According to [11] the glycosidic linkages are liable for the 

high solubility of Chia in water. 

Phenolic compounds and antioxidants contain health 

promotion and protect from degenerative illnesses such as 

cancers, diabetes, or cardiovascular diseases [12], [85]. Chia 

seed comprises bioactive compounds such as Myricetin, 

Quercetin, Kaempferol, caffeic acids, and chlorogenic [78]. 

These polyphenols have high antioxidant abilities and help 

reduce lipid autoxidation levels [86]. This group of 

compounds is responsible for the antioxidant activity of Chia 

as they have the capabilities of scavenging free radicals, 

donating hydrogen, and chelating metal ions [19]. The 

flavones benzene rings scavenge the reactive oxygen species 

acts as electron and hydrogen are moved to hydroxyl, 

peroxynitrite, and peroxyl radicals that aid in stabilising them 

by producing stable flavonoid radicals [61], [63]. Rosmarinic 

37%

8%29%

7%

9%

10%

Chia seeds

Quinoa seeds

Flax seeds

Amaranth

peanuts

Soybean
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and Caffeic acids [2], [8], [14] are the Chia phenolic 

compounds that have been demonstrated to help in the 

management and prevention of neurological conditions like 

epilepsy [9]. Some of the benefits of caffeic acid discovered 

in Chia include hypogenic activity and memory defensive 

effects. Antioxidant compounds lower chronic illness risks 

such as cancer and cardiovascular disease as they provide a 

protective effect against such disorders [31]. 

Cell structures and biomolecules experience oxidative 

stress because of reactive oxygen species activity and 

presence. Reactive oxygen species destroy lipids, proteins, 

and DNA. Steady accretion of such destruction causes the 

development of various illnesses and conditions such as 

cancer, thrombosis, diabetes, or persistent inflammation[61]. 

Flavonoids such as Myricetin, Quercetin, and Kaempferol 

can be used to scavenging reactive oxygen species and help 

chelate intracellular transition metal ions that generate 

reactive oxygen species [31]. The flavonoids can induce a 

glutathione S-transferase enzyme that helps protect cells 

against oxidative stress by preventing free radicals from 

attacking the cells [3]. Antioxidants present in chia seed help 

in fighting free radicals in the body. Free radicals lead to cell 

destruction and oxidative stress [19]. Feeding foods rich in 

antioxidants such as chia seed help in lowering free radical 

connected illnesses such as cancer, heart disease, or cognitive 

failure [87].  

B. Anti-inflammatory and Anticholesterolemic  

Inflammation is the body's normal response to injury or 

infections. At times inflammation is helpful to the body in 

fighting off harmful pathogens, which sometimes can lead to 

harm. This is common with chronic inflammation that is 

linked with the occurrence of cancer and heart diseases [88]. 

In most cases, there are no visible signs of chronic 

inflammation, but it can be examined by measuring blood 

inflammatory markers. Unhealthy lifestyle habits like 

smoking, poor diet and lack of exercise have been shown to 

increase the risk of chronic inflammation, while some healthy 

foods like incorporating Chia in diet proven to lower the 

inflammatory markers known as hs-CRP in the blood [89]. 

Chia seed contains anti-inflammatory effects as they can 

lower edemas caused by croton and carrageenan oil. 

Flavonoids such as Myricetin and Quercetin have shown anti-

inflammatory characteristics [90]. The anti-inflammatory 

features of flavonoids inhibit the generation of cytokines that 

is present during inflammation. The cytokines like 

interleukin-12 and interleukin-1β by down-managing of 

transcription aspects and mediators included in their 

generation. Flavonoids can inhibit inflammatory pathways 

such as kinases and inhibit the tumour necrosis factor-alpha 

function [91], [92]. Chronic inflammation causes health 

conditions such as heart disease and cancer. Caffeic acid 

found in chia seed help prevent inflammation in the body. 

Chia seed consumption assists in lowering inflammatory 

markers, which show the inflammatory disease presence. 

Quercetin lowers inflammation by scavenging free radicals 

that activate transcription factors that produce cytokines [93], 

[94]. 

High-density lipoprotein is linked with heart disease. 

Consumption of chia seed has indicated low serum 

cholesterol levels due to omega-3 fatty acids and dietary 

fibre. According to [95], chia protein and bioactive peptides 

inhibit important indicators of cholesterol production like 3-

hydroxy-3-methylglutaryl coenzyme A reductase (HMG-

CoA reductase) [96]. Chia intake has improved lipid 

redistribution linked with hepato-protection and cardio-

protection. This is shown by rats obtaining hyperglycaemic, 

and hyperlipidaemic diet portrayed hindrances of enzyme 

stearoyl-CoA 9-desaturase in heart and liver [97]. 

C. Anti-carcinogen 

Chia seed helps protect the cells from carcinogenic 

mutation [98]. Myricetin found in chia seed helps lower skin 

tumorigenicity risk triggered by polycyclic aromatic 

hydrocarbons such as benzo(a)pyrene, an extremely 

carcinogenic component [48], [98]. It will offer safeguard by 

preventing the development of skin tumours [28]. The genetic 

mutation is inhibited, resulting mutagenesis process caused 

by carcinogenic hydrocarbons becomes less efficient. Chia 

seeds have anticancer activity as it inhibits cancer generating 

cells. Chia seed extracts indicate that it contains the ability to 

treat cancer [48]. 

According to research [30] amongst the chia flavonoids, 

Myricetin has the most phenolic hydroxyl groups, showing 

its antioxidant potential as the number of hydroxyl groups 

increases. The myricetin flavonoids can avert cardiotoxic 

effects prompted by isoproterenol[30]. [99] established that 

men with higher myricetin intakes had a lower prostate cancer 

risk. 

D. Anti-hypersensitive 

High blood pressure has affected many individuals, 

becoming a risk factor [100]. Studies indicate that chia seeds 

can help lower blood pressure [89]. Rat studies have 

demonstrated that taking Chia seeds reduces certain risk 

factors such as belly fat, insulin resistance, inflammation, and 

triglycerides, raising good HDL cholesterol [101], [102]. 

Though, there was one human study that did not observe any 

enhancement in risk factors [103]. A few other studies show 

a significant reduction of blood pressure in persons with 

hypertension after consumption of chia seeds [89], [104]. 

Consumption of chia seed is encouraged for individuals 

suffering from hypertension [105], [106]. The existence of 

omega-3 fatty acids has been made known to reduce blood 

pressure levels [104]. Through enzymatic analysis, chia seeds 

have shown hypertension effects. Proteins hydrolysate 

present in Chia exhibits blocking the action of angiotensin-

converting Enzyme-I, similarly done by synthetic 

angiotensin-converting Enzyme-I (ACE-I) inhibitors [106]–

[108]. The hydrophobic protein residues of Chia contain 

similar synthetic ACE-I inhibitor action as they aid in 

blocking angiotensin II generation; replacing chia oil with 

other oils in a hypertension environment has been shown to 

help lower the blood pressure level hence more consumption 

of Chia promotes good health [109].  

Chia seeds contain Quercetin which is an antioxidant that 

helps lower health complications development, including 

heart disease [110]. The chia seeds contain fibre that assists 

in lowering high blood pressure [17], [102]. Fibre present in 

chia help reduce insulin resistance and enhances blood 

glucose levels hence metabolic syndrome and type 2 diabetes 

risk are reduced [102]. Food containing chia seed generates a 

lower blood sugar response which prevents high blood sugar 
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levels. Alpha-linoleic acids and eicosapentaenoic acids help 

produce essential biochemical compounds like leukotrienes, 

thromboxane, and prostaglandins applied for various 

physiological purposes. Omega-3 fatty acids have proven to 

have the ability to hamper sodium and calcium pathway 

dysfunctions which could lead to hypertension and enhance 

parasympathetic quality, safeguard ventricular arrhythmia, 

and heart rate variations [111].   

Chlorogenic acids (CGAs) have an anti-hypertension 

effect, this has been proven by [111] through basic and 

clinical investigations. Mechanistically, CGAs metabolites 

lessen reactive oxygen species, which results in reduced risk 

of blood pressure through enhanced endothelial function and 

bioavailability of nitric oxide in the arterial vasculature [107], 

[108]. Chlorogenic acids have a promising pursuit in 

promoting healthy blood pressure.  

E. Weight Loss 

Chia seeds consist of a higher percentage of protein content 

recommended for persons who need to lose weight. One 

serving of chia seeds has 39% of the daily fibre allowance 

[112]. The soluble fibre and mucilage absorb water, causing 

the seeds to expound inside the stomach, making one feel full 

for longer hence less food consumed [112], [113]. In this way, 

chia seed helps one sustain their weight or lose some weight. 

With the rich dietary fibre content in chia seed and low 

carbohydrates, the seed has indicated the capability to lower 

appetite and increase satiety [114]. Research has shown that 

chia consumption promotes weight loss, C-reactive protein 

raises adiponectin and reduces waist circumference [21]. The 

fat content reduces significantly when one consumes chia 

foods [104]. In other studies have Chia fibre can be fermented 

in one's gut, resulting in the creation of short-chain fatty acids 

(SCFAs) and improve colon health [112], [115], [116]. 

F. Relieve Dry Skin 

A healthy and hydrated skin comprises a rich layer of 

lipids; stratum lucidum that seal in moisture, moisturising the 

skin. When the layer is compromised or low in lipids, 

moisture can easily escape from the skin and lead to skin 

dryness [117], [118]. 

Oil from Chia seed is rich in omega-6 fatty acids, linoleic 

acid, and omega-fatty acid ALA. These two fatty acids have 

proven to aid in reinstating the skins moisture layer, 

particularly with persons with dry skin conditions such as 

psoriasis and atopic dermatitis [119]–[122]. 

A small randomised study was conducted, where two 

participants groups with a dry skin condition; five healthy 

individuals and five with itchy skin as a result of diabetes or 

kidney disease applied their skins with 4% chia seed oil to 

their dry skins for 8 weeks [123]. After the 8 weeks, the 

researchers observed a significant improvement in their dry 

skin conditions. This study demonstrated the possible 

advantage of chia seeds oil in relieving dry skin [123]. In 

order to enjoy the full benefits of chia seeds on dry skins, it is 

advisable to apply your skin immediately after bathing or 

showering is during this time when the skin absorbs water at 

best [124]. 

G. Prevent Premature Ageing of the Skin 

Chia seeds have been used as a major ingredient in skin 

care products because of high levels of fatty acids. Chia seed 

is specifically rich in alpha-linolenic acid (ALA), stearic acid 

and oleic acid [3], [53], [125]. 

Besides its typical application, diets that are rich in fatty 

acids are associated with protection from ultraviolet (UV) 

rays, healthier and hydrated skin that decreases the presence 

of fine lines [126]–[128]. Thus, taking food grade chia seed 

oil and using its skincare products help the skin look youthful. 

H. Reduce Blood Sugar Levels 

Untreated type 2 diabetes has been related to high fasting 

blood sugar levels, which later may lead to increased risks of 

chronic illnesses such as heart diseases [129]. Temporary 

blood sugar spikes after meals may have adverse effects later 

on if they occur on a regular basis [130]. 

Animal studies have proved Chia seeds to elevate insulin 

sensitivity and regulate blood sugar, maintaining blood sugar 

levels after meals [97], [102], [131]. Human studies have 

supported this by demonstrating that taking bread with chia 

seed reduces the after-meal rise in blood sugar than bread 

without chia seeds [132], [133]. After taking a high-carb 

meal, chia seeds may reduce the risk of high blood sugar, 

helpful for persons with type-2 diabetes. 

 

V. PHYSIOCHEMICAL PROPERTIES AND APPLICATIONS OF 

CHIA SEED 

Chia seed structure and physical properties are affected 

mainly by moisture content. Researchers have studied and 

analysed the physical properties of chia seeds [74]. White 

chia seeds contain a moisture content of 7.2%, while black 

seeds contain 6.6% [134]. The white seed has lesser bulk 

density than the black ones due to their bigger size. Bulk 

density shows transport in addition to storage capacitance of 

the product. There have been no substantial variations 

between the porosity and actual density of both white and 

black chia seeds [9]. 

 
TABLE V: SHOWING MOISTURE-DEPENDENT OF PHYSICAL PROPERTIES OF 

BLACK AND WHITE CHIA SEEDS 

Physical property White seeds Black seeds 

True density (g/cm2) 0.999 1.009 

Bulk density (g/cm2) 0.667 0.772 

Porosity (%) 33.1 28.2 

Source [9]. 

 

When chia seeds are immersed in water, they form 

gelatinous mass attributed to large quantities of gums and 

mucilage [135]. The seeds can captivate moisture up to 12 

times their weight [74]. This feature makes it important in the 

food industry. Soluble fibre promotes gut health as it extends 

the gastrointestinal change period that helps enhance 

digestion. Antioxidants in dry chia seed make them last 

longer as it prevents autoxidation of fatty acids. Chia seed 

mucilage contains 71.22% polysaccharides [136]. The 

mucilage is extracted by hydrating the entire seed at 20 ℃ for 

two hours in the 40:1 water and seed ratio. The gelatinous 

solution is produced after hydration, then gathered, dried, and 

reserved at 50 ℃ for about ten hours in a convection air heat 

furnace. The dried mucilage and seed are separated by using 

a 40-mesh screen through the abrasion method [78]. 

Removed mucilage contains a moisture content of 37 times 

its mass on hydration, indicating water-holding abilities. At a 

low concentration of 0.3%, the mucilage can form a highly 
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viscous solution [78]. Chia mucilage solubility is 100% when 

examined at various concentrations such as 0.5%, 0.25%, and 

0.15% under temperatures of 90 ℃, 70 ℃, 60 ℃, and 30 ℃ 

and different centrifugation of 2000 g and 800 g conditions 

[78], [136], [137]. Chia mucilage is applied as a stabiliser and 

emulsifier [76]. Extracted mucilage improves and helps 

sustain the quality of ice cream during storage [136]. 

Protein fractions from chia flour formed through the dry 

fractionation procedure contain good emulsifying 

characteristics [138], where 95% emulsion stability of chia 

seed is higher at alkaline pH. Chia seed gel has a high water 

holding capacity (266 g), (emulsion stability (6%), and oil 

holding capacity (58.6 g) compared to other grains [74]. Chia 

flour gel can be utilised as a thickening agent due to its 

valuable characteristics and high omega-3 and omega-6 fatty 

acids [139], [140]. Chia gel has freeze-thaw stability making 

it potential for use in frozen products. Several food products 

have been made by use of chia seed or chia flour. The 

products do not show distinctions in the physical and sensory 

properties such as overall liking, flavour, appearance, and 

colour. The use of chia flour in bread-making instead of 

wheat flour has reduced saturated fatty acid from 27% to 24% 

content [141]–[143]. Bread made with chia seeds or flour 

provides fibre and omega-3 fatty acids [76]. Chia bread is 

more nutritious and utilised as a functional food. Adding 

whole chia flour and vital gluten in dough making for the 

functional products development shows that adding (10%) 

chia flour and (2%) vital gluten increases the protein content 

(19%), lipids (26%), and ash content (11%) compared to 

standard bread concentrations [144]. The chia bread is denser 

as the whole chia flour lowers the protein network. 

 

VI. APPLICATION OF CHIA SEEDS AND DERIVED PRODUCTS 

Several studies have been done on chia seeds. In the food 

industry, chia seed has been applied in various forms such as 

whole, oil, ground, or gel [136], [141]. Chia seed intake is 

recommended to be a 48% daily allowance according to the 

United States dietary guideline 2018. Chia seeds are added as 

supplements into food products such as pasta, cereals, snacks, 

biscuits, or cakes [145]. Chia seeds can be used as substitutes 

due to their hydrophilic characteristics for fats and eggs 

[146], [147]. Chia absorbs twelve times their weight when 

soaked in water. Chia gels can be utilised as a replacement 

for eggs or oils in baked items [81]. Chia oil can replace 25% 

of eggs in cakes. Butter can be fortified with Chia to increase 

the nutritional value [136]. Chia mucilage from chia seeds is 

utilised as a functional coating with enhanced functional 

characteristics. 

Chia mucilage has been applied as a stabiliser, emulsifier, 

suspending agent, binder, or adhesives due to its viscosity and 

water holding capabilities [136]. Chia mucilage is the source 

of polysaccharides and is used to produce polymer blends for 

consumable coating and films. Edible films can be utilised to 

replace synthetic packaging [136]. Mucilage from the brittle 

film; hence the addition of plasticisers is required to obtain 

the mechanical properties of the edible films. Polyols can be 

applied to escalate the workability and elasticity of films. 

Chia seeds are the critical factor because their dietary fibre is 

obtained from fibre fraction by water. The chemical 

composition derived characteristics and chemical 

composition determines the necessity of a polysaccharide in 

the pharmaceutical and food industries [148]. Chia gum 

contains a fat content of 26.2%, and if fat extraction is 

conducted, two-part are obtained: gum with fat and defatted 

gum. The defatted gum contains high protein, carbohydrates, 

and ash content [149]. 

Chia seeds can be utilised in pharmaceutical applications. 

Chia oil bilayer emulsions contain possibilities of omega-3 

fatty acids used in pharmaceutical use as the emulsions can 

be exposed to the drying procedure to get powder [136]. Chia 

oil is amalgamated into oil-in-water suspensions as an 

omega-3 fatty acids supply structure. Chia oil-in-water 

suspensions have low primary and secondary oxidation 

effects. Alpha-linolenic acid is used to produce biochemical 

compounds such as thromboxane or leukotrienes linked to 

various physiological uses in the body. The omega-3 fatty 

acid can inhibit sodium and calcium pathways dysfunctions, 

enhancing the parasympathetic tone and protecting 

ventricular arrhythmia [150]. 
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