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I. INTRODUCTION 

Chia (Salvia hispanica L.) is an oil seed belonging to a 

summer herbaceous plant of the Lamiaceae (mint) family [1–

3]. It originated from northern Guatemala and southern 

Mexico where its seeds have traditionally been used as food 

or as functional food ingredient [1], [4]–[6]. For example, 

chia seeds is popularly consumed in many forms, for example 

chia fresca (a beverage mixed with chia seeds), baked items, 

cereal bars, fruit smoothies and salads [7], [8].  

Chia seed composition is variable and is dependent on the 

region where it is grown [9]. Although chia plant grows well 

in the tropics and sub- tropical regions, it can also be 

cultivated in mild climates [8], [9]. Nevertheless, 

nutritionally, chia seed is a great source of protein (15–25%, 

predominantly prolamins, glutelins, globulins, albumins), 

carbohydrates (26–41%), dietary fiber (18–30% 

predominantly high dietary fibre), fats (30– 33%), ash content 

(4-5%), vitamins (mainly from the B complex [thiamine, 

riboflavin, niacin and folic acid] and also ascorbic acid and 

α-tocopherols), minerals (calcium, phosphorus, potassium, 

magnesium, iron, zinc and selenium) and dry matter (90–

93%) as well as high amounts of antioxidants regardless of 

the region of cultivation [2], [9], [10].  

Regarding the fat content, chia seed is a great source of 

polyunsaturated fatty acids (PUFAs) such as α-linolenic acid 

(ALA, C18:3n-3, more than 60% [11]–[14] and linoleic acid 

(LA, C18:2n-6 approximately 20%) acids, presenting a very 

low ω-6/ω-3 ratio (around 0.30) [5], [15], [16]. However, the 

oil content and the amount of oleic, α-linoleic and α-linolenic 

acids depends on the region of cultivation [9], [17].  

Despite popular health and therapeutic potential claims 

associated with chia seed oil, such as reduced risks of 

cognitive decline, cancer, and cardiovascular heart disease, 

the mechanism of action of chia seed oils is unclear [4], [12], 

[18]. Therefore, humans rely on ALA from dietary sources 

due to lack of enzymes for de novo synthesis to synthesize the 

compound [19].  

In this review article, we make a case of human health 

benefits derived from LA and ALA (Fig. 1) in chia seeds as 

well as clinically relevant data. This information can be 

beneficial to current consumers who are health-conscious 

with regards to high prevalence of epidemic disease for 

example, cardiovascular diseases, hypertension and diabetes 

etc.  
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α-linoleic Acid (ALA) 

C18H30O2 

(a) 

 
linoleic Acid (LA) 

C18H32O2 

(b) 

Fig. 1. Structure of (a) 𝛼-linolenic acid and (b) linoleic acids [19], [20]. 

 

II. MECHANISMS UNDERLYING THE BENEFITS OF ALPHA-

LINOLEIC AND ALPHA LINOLENIC ACIDS FROM CHIA SEEDS 

Plant based foods products that are high in dietary fibre and 

other components with potential health value often contain 

plentiful and readily available plant PUFAs [21]. Precursors 

for the synthesis of long chain PUFAs of the ω-6 and ω-3 

series in mammals are LA and ALA respectively [22]–[24]. 

ALA an essential fatty acid is the main fatty acid derived from 

the chia seeds lipid fraction.  

  

 
Fig. 2. Schematic diagram of Essential fatty acid desaturation / elongation 

pathway [22]. 

 

In the human system, ALA is converted to 

eicosapentaenoic acid (EPA; C20:5n-3) and docosahexaenoic 

acid (DHA; C22:6n-3) following a sequence of activities of 

Δ6 and Δ5 desaturases and elongation of carbon chain with 

docosapentaenoic acid (DPA) as an intermediate [13], [25], 

[26] in the liver as the primary conversion site followed by 

enterocytes (Fig. 2) [23], [25]. However, excessive amounts 

of linoleic acid slow down the formation of EPA and DHA. 

After conversion of ALA, very low-density lipoproteins 

transports the newly synthesized EPA/DPA/DHA away from 

the liver to other parts of the body [26]. During the 

conversions of ALA, PUFAs derived from linolenic and 

linoleic fatty acids compete for metabolic enzymes; 

remarkably this competition exists during the esterification 

into triacylglycerols and plasma phospholipids [22], [25]. 

Enzymatic conversion of ALA to EPA and DHA is relatively 

inefficient in humans [19], with <1% converted to 

docosahexaenoic acid, while for eicosapentaenoic acid, the 

conversion in men is approximately 0.3% - 8% and up to 21% 

amongst women [3]. 

 

III. HEALTH OUTCOMES ATTRIBUTED TO CHIA SEEDS 

LINOLEIC AND ALPHA-LINOLENIC ACIDS  

A. Antioxidant Potential 

Ullah et al. [16] observed that fractionation of chia oil for 

enrichment of ω−3 with greater than 72% ALA, olein fraction 

of chia oil may be regarded as the richest source of α-linolenic 

acid. Ullah et al. [27] study on oxidative stability of ice cream 

supplemented with olein fraction of chia seeds revealed that 

when the experimental group control (100% milk fat) is 

replaced with olein fractions at percentages of 5%, 10%, 

15%, and 20%, the 2,2-diphenyl-1-picrylhydrazyl free radical 

scavenging activity of control improves at percentages of 

5.61%, 17.43%, 36.84%, 51.17%, and 74.91%, respectively 

(control to test article groups 1 to 4). Similarly, Marineli et al. 

(2014) observed that chia seed oil displayed a higher 

antioxidant activity than that found in wheat flour, barley and 

sorghum whole grain cereals (8.3, 14.9 and 51.7 trolox 

equivalent antioxidant coefficient (TEAC), mmol/g) and 

were similar to that of sorghum bran with high tannin content 

(512.0 TEAC, mmol/g).  

Rincón-Cervera et al. [29] observed an increase in activity 

of carnitine palmitoyl-transferase I and an increase in 

deoxyribonucleic acid transcription factor peroxisome 

proliferator-activated receptor-α expression on a study 

involving rats. Chia-fed rats also showed an increased 

superoxide dismutase activity, carnitine acyl-carnitine 

transferase, glutathione peroxidase and increased glutathione 

monosulfide /glutathione disulfide (GSH/GSSG) ratio 

signifying an increase in the antioxidant status [2], [22], [29]. 

The lipogenic enzymes fatty acid synthase and acetyl-CoA 

carboxylase activity were also shown to be inhibited [2], [29]. 

However, dietary ALA in chia seed did not modify plasma 

parameters of oxidative stress as well as the modification of 

antioxidative enzymes. The action of these antioxidative 

enzymes was not changed in the control (safflower group) 

compared to chia seed oil [29], [30]. 

Creus et al. [31] also investigated the mechanism involved 

in the improvement of lipotoxicity and impaired lipid 

metabolism by dietary ALA rich chia seed in the heart of 

dyslipidemic insulin-resistant rats by normalizing potential of 

a sucrose-rich diet versus chia seeds with regards to 

parameters such as body weight, visceral adiposity and 

systolic blood pressure, however, the results showed no 

significant differences in glucose infusion rates, plasma 

metabolites and insulin levels. However, this combination of 

sucrose-rich diet with chia seed oil resulted in down 
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regulation of intramyocardial lipid accumulation in these 

animals as well [2], [6]. Use of chia seed oil was able to 

increase the proportion of active pyruvate dehydrogenase to 

45.1% from the control levels in comparison to the sucrose 

group at 26.6%, thus an indicator of more responsive 

metabolism, without affecting the weight of the heart of the 

rats. These antioxidant actions can protect the organism from 

pathologies, like neurological diseases, inflammation, 

immunodeficiency, ischemic heart disease, strokes, 

Alzheimer’s and Parkinson’s diseases, and cancer [6], [31], 

[32]. For example, a few epidemiological studies have 

suggested a cardio-protective effect of high, long-term and an 

additive effect of ALA with ω-3 long-chain PUFAs from fish 

oil. However, there was no association of ALA and ischemic 

heart disease [33]. 

To prove its effect in low grade inflammation, 76 randomly 

selected obese adults consumed chia seeds or placebo for 12 

weeks [21], [34]. Results indicated insignificant differences 

between groups, except for ALA levels which was increased 

in the treatment group that consumed chia seeds compared 

with placebo (24.4% vs 2.8%, p =0.012). Therefore, chia 

consumption among obese and overweight individuals may 

regulate inflammation and reduce body weight.  

B. Activities on Serum Lipids Profile and Anti-obesity 

Activities 

Diets rich in ALA and LA have been shown in some animal 

studies to influence the concentration of lipoprotein 

cholesterols in plasma i.e., reduction of low-density 

lipoprotein cholesterol. This ability to decrease low density 

lipoprotein cholesterol may be vital since increased levels of 

low-density lipoprotein cholesterol in plasma are strongly 

correlated with increased risk of developing congenital heart 

defects and atherosclerosis [19], [35]. However, in humans, 

plasmatic low density lipoprotein cholesterol decrease 

reduction has not been found, despite ALA-enriched dietary 

sources affecting low density lipoproteins content when 

consumed in large amounts [19], [35], [36].  

According to the study by Valenzuela et al. [30], 

consumption of vegetables oils rich in ALA (concentrations 

of 48% and 64%) resulted in a dramatic accretion of ω-3 long-

chain PUFAs in Wistar rat liver, adipose tissue and plasma, 

while docosahexaenoic acid, total saturated and 

monounsaturated fatty acid content was unaffected. This, 

therefore, allows for its accretion into different tissues and its 

conversion to ω-3 long chain polyunsaturated fatty acids 

(EPA and DHA), which are also accreted in the plasma, liver 

and adipose tissue of the animals. However, a combination of 

chia seed oil and sachi oil (Plukenetia volubilis L.) resulted 

into a decreased ω-6/ω-3 ratio with subsequent 

cardioprotective effect while DHA and EPA increased [2], 

[29], [37]. From the parameters tested in serum lipid profiles, 

ingestion of chia seed oil seemingly inhibited formation of 

liver triacylglycerols that generates very low density 

lipoprotein cholesterol, Fas ligands, coenzyme-A, glucose-6-

phosphate dehydrogenase, and increased bioactivity 

involving β-oxidation of fatty acid and carnitine palmitoyl 

transferase by either averting or limiting dyslipidaemia [29], 

[30].  

Jin et al. [1] explored whether supplementation of milled 

chia seeds increases plasma ALA and EPA in post-

menopausal women. Results showed that post-menopausal 

women who consumed milled chia seeds (25 g/day) for seven 

weeks experienced significant increases in plasma ALA and 

EPA, but not DPA and DHA. Plasma ALA levels increased 

within the 1st week to 138% above the baseline by 7th week. 

However, for EPA, the increase was smaller proportionally 

(30%) but was correlated across time with ALA [2], [37]. 

These results indicated that ALA is more easily incorporated 

into human blood plasma from milled oil seeds of chia than 

from whole seeds [1], [2], [38]. Poudyal et al. [12] also 

assessed whether chia seeds as a source of ALA induce lipid 

redistribution associated with cardio-protection and 

hepatoprotection in diet induced rats. Results suggests that 

with chia seed oil supplements, there is an improvement in 

visceral adiposity, insulin and glucose tolerance, cardiac and 

hepatic fibrosis, hepatic steatosis, and inflammation 

improved with chia seed oil supplementation. The stearoyl-

CoA desaturase-1 products were depleted in the heart, liver, 

and the adipose tissue of chia seeds. Therefore, chia seed 

inhibits stearoyl-CoA desaturase activity, which is vital in the 

conversion of elaidic acid to conjugated linolenic acid [12]. 

The study suggested that LA is oxidized and transported into 

the mitochondria, which downregulates ω-6/ ω-3 levels. The 

inhibition of stearoyl-CoA desaturase provides protection 

from murine obesity, cellular lipid accumulation, and insulin 

resistance [12], [23].  

Based on the work done by Poudyal et al. [12] and Whelan 

and Rust [38], Ayerza and Coates [13] reported that the serum 

lipid profile in rats improved as rats displayed higher ω-3 

PUFAs (18: 3n-3, 20: 5n-3, and 22: 6n-3) plasma contents, 

and lower ω-6 PUFA (18: 2n- 6 and 20: 4n-6) contents, which 

was probably due to a high chiaʼs ω-3/ω-6 ratio. In these rats, 

high-density lipoprotein cholesterol increased while 

triglycerides content decreased; however, the ratio between 

high density lipoproteins to low density lipoprotein content 

was not lowered. However, in these studies, no significant 

change in body weight was realized as well as haemoglobin, 

hematocrit feed intake, feed conversion and relative liver 

weight [12], [13]. 

According to Chicco et al. [39] study on whether dietary 

chia seed rich in ALA improves adiposity and normalizes 

hypertriacylglycerolaemia and insulin resistance in 

dyslipidemic rats. Results showed that dietary chia seed 

prevented the onset of dyslipidaemia and insulin resistance in 

the rats fed while glycaemia did not change. Dyslipidaemia 

and insulin resistance in the long-term were normalized 

without changes in insulinaemia when chia seed provided the 

dietary fat during the last two months of the feeding period. 

However, there was no significant difference in the liver fat 

percentage. These findings bear weight by supporting the 

notion that chia seed oil supplementation improves glucose 

homeostasis and cardiovascular health from an experimental 

model [1], [38]. 

C. Role in Athletic Performance  

During exercise and training, α-linolenic acid may function 

as a fuel substrate during moderate to endurance exercise, 

especially in the cross over stage where fats becomes the 

leading substrate for adenosine triphosphate (ATP) after 

depletion of carbohydrate stores [3]. ALA is about 0.7% of 

total fatty acids in adipose tissue, and is strongly mobilized 
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during exercise, with plasma levels increasing nearly 6-fold 

following prolonged, intensive exercise [2], [3], [22]. Based 

on these reasons, ALA may function as a fuel source after 

depletion of carbohydrates stores especially in long 

endurance exercise. ALA is almost completely absorbed and 

followed by oxidation to carbon dioxide and water, thereafter 

it is incorporated into tissue lipids; or utilized in eicosanoid 

synthesis. Furthermore, greater than half of ingested ALA is 

broken down to carbon dioxide for energy, and the fractional 

recovery of ingested [13C]- labelled ALA as 13CO2 is almost 

double that of palmitate, stearic, and oleic acids in human 

subjects [3], [22], [25].  

Nieman et al. [3] studied the effects of ingesting chia seed 

oil on human running performance whereby the treatment 

group ingested a 13C-labelled ALA while placebo group 

consumed water alone. Results showed an increased levels of 

plasma ALA with chia seed oil (7 kcal/kg) use amongst the 

treatment group compared to water alone. The athletes also 

showed major increases in total leukocyte counts, plasma 

cytokines and plasma cortisol with no trial difference. 

Probably this was as a result run time to exhaustion which 

alters respiratory exchange ratio or counter elevations in 

cortisol and inflammatory outcome measures, which were not 

improved, although immediate post-run ALA levels did 

increase dramatically [2], [3], [40]. Results also showed a 

near doubled plasma ALA levels for example; 82% increase 

with seed, 91% increase with oil within two and half hours 

and this remained elevated for several hours [2]. However, 

the levels of ALA then fell to pre-ingestion levels without 

conversion to EPA or DHA within 24 hours compared to 

snack clusters not containing chia seed oil, resulting in an 

inconclusive picture of chiaʼs effect on running 

performances. Additionally, the greater affinity of ALA to 

carnitine palmitoyl transferase-1, the rate limiting enzyme in 

mitochondria, compared to other unsaturated fatty acids 

could be a probable explanation for preferential use of ALA 

for β-oxidation [22]. 

D.  Antiproliferative and Apoptotic Effects  

Plant seed oils rich in ω-3 and ω-6 PUFAs may inhibit the 

growth of breast tumour cells in animals. Espada et al. [41] 

using Wistar rats studied the effects of chia seed and 

Carthamus tinctorius (safflower) vegetable oil sources of ω-

3 and ω-6 PUFAs and related eicosanoids on the growth and 

metastasis formation of a murine mammary gland adeno-

carcinoma. Results showed that chia diet containing chia seed 

or powder mixed with 0.25 litres of water taken twice a day 

decreased the tumour weight and metastasis number with 

respect to safflower and control diet despite the membranes 

from the safflower oil diet containing a greater percentage of 

ALA with respect to control and chia oil. Apoptosis and T-

lymphocyte infiltration were also higher, and mitosis 

decreased with respect to the other diets (p < 0.05). These 

changes were linked to a reduction in availability of 

arachidonic acid (AA) in the membrane which favours the 

biosynthesis of eicosapentaenoic acid derived 3-series 

prostanoids and 5-series leukotrienes and reducing 

desaturation and elongation of linoleic acid to arachidonic 

acid due to the higher affinity of ω-3 fatty acids to elongases 

and desaturases [41], [42]. EPA might have a direct apoptotic 

effect by encouraging caspase activity, increasing the rate of 

programmed cell death [2], [41]. 

 

IV. CONCLUSIONS 

In general, the review shows that chia seeds derived α -

linoleic and α-linolenic acids have auspicious health benefits 

mainly anti-obesity, improvement in glucose homeostasis, 

athletic performance, and anticholesterolemic properties. 

However, most of these studies have been carried out with 

animals, and there are still limitations that exist in 

demonstrating specifically the pharmacokinetic mechanisms 

behind the derived benefits. Nevertheless, there is still a need 

for further clinical studies involving bigger sample sizes and 

external validation into different populations to make any 

substantive conclusions 
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