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Abstract 

The oil yield, total phenolic content (TPC), total carotenoid content (TCC) and antioxidant 

activity of Australian chia seed (Salvia hispanica L.) oil under solvents polarity and 

extraction times were studied. The chia seed oils were obtained by using organic solvents 

in the Soxhlet method with different extraction times including acetone 4 hrs (A4), 

acetone 8 hrs (A8) and hexane 8 hrs (H8) as a control. The oil yield for the control sample 

(36.1%) showed significant (p ≤ 0.05) higher than A4 (33.53%) and A8 (33.73%). TPC 

for chia seed oil (A4) was significantly higher (p ≤ 0.05) than A8 and H8. Meanwhile, 

chia seed oil (A8) contained the highest TCC over A4 and H8. The antioxidant activity of 

chia seed oil was determined by DPPH (2-diphenyl-1-picrylhydrazyl) scavenging activity, 

FRAP (Ferric reducing antioxidant power assay), BCBA (Beta-carotene bleaching assay) 

and TBA (Lipid Peroxidation Inhibition Assay), respectively. Chia seed oil obtained by 

acetone extraction for 4 hrs revealed higher antioxidant capacities (DPPH, BCBA and 

TBA) compared to chia seed oils from A8 and H8. However, chia seed oil (H8) showed 

the lowest total (phenolic and carotenoid contents) and antioxidant capacities. The 

correlation between the antioxidant content and the antioxidant activities were conducted 

to determine their relationship. TPC and TCC were strongly correlated with BCBA (r = 

0.999) and TBA (r = 0.997). The results found Australian chia seed oil extracted by 

acetone for 4 hrs (A4) had higher contents of phenolic and antioxidant activity than 

control (H8) due to high polarity of acetone to the antioxidant compounds. In conclusion, 

acetone can be applied as an alternative extraction solvent to increase the total phenolic 

and carotenoid contents as well as antioxidant activity of Australian chia seed oil.  

1. Introduction 

Chia seeds are cultivated widely in Mexico, Bolivia, 

Argentina and Guatemala (Rosas-Mendoza et al., 2017). 

Chia seed comprise about 25-35% oil, 22% fibre, and 

24% protein. Chia seed also contain other important 

nutritional components such as vitamins, minerals and 

natural antioxidants (Borneo et al., 2010). Chia seeds 

have great potential in the health, nutrition, animal food, 

pharmaceutical and nutraceutical (Muñoz et al., 2013). 

Chia seed oil constitutes the highest content of 

polyunsaturated fatty acids (PUFAs) (62% linolenic acid 

and 19% linoleic acid) among all of the vegetable oils 

(Silva et al., 2016). These fatty acids are important for 

healthy growth and body developmental. Also, PUFAs 

play an important role in the prevention and treatment of 

coronary artery disease, hypertension, diabetes, arthritis, 

inflammatory disorders and cancer (Artemis and 

Simopoulos, 2002). Although chia seed oil is good for 

human health, they are easy to oxidize due to high in 

unsaturated double bonds which can affect the food 

quality and shorten the shelf life of the food (Ixtaina et 

al., 2012).  

  Antioxidants are compounds that can delay the 

process of oxidation by reacting with free radicals, acting 

as oxygen receptors and iron-binding agents (Sang et al., 

2002). Phenolic compounds, tocopherols and carotenoids 

were identified as antioxidants in chia seed oil (Shen et 

al., 2018). The phenolic compounds found in chia seed 

oil are rosmarinic acid (Cvetkovikj et al., 2013), 
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chlorogenic acid, caffeic acid and flavonol (myricetin, 

quercetin and kaempferol) (Marineli et al., 2014). Ixtaina 

et al. (2011) reported that chia seed oil also consists in 

the high concentration of tocopherol (238-427 mg/kg), 

mostly γ-tocopherol (>85%), while, δ-tocopherol and α-

tocopherol were found in small amounts. Ixtaina et al. 

(2011) indicated that the total carotenoid content of chia 

seed oil ranged from 0.53 mg/kg to 1.21 mg/kg, which 

most of the measured amount represents to β-carotene. 

So far, there have been no studies carried out on the 

antioxidant activities of chia seed oil from different 

extraction solvents (acetone and hexane). 

Extraction time is also an important parameter that 

influences the extraction yield of antioxidant 

compounds. Increased extraction time can lead to higher 

oil yields by increasing solvent exposure to the samples 

(Pichai and Krit, 2015). However, after an extraction 

efficiency reaches a maximum of a specific time, 

continuous extraction can cause degradation or 

decomposition of bioactive compounds, especially 

antioxidants (Kim, 2017). Generally, labile compounds 

such as antioxidants lose their effectiveness at high 

temperatures and prolonged-time during extraction 

(Routray and Orsat, 2012). Increased extraction times are 

wasteful based on the industrial viewpoint and 

potentially increase in solvent loss through evaporation 

which directly affects the solvent-solubility extraction 

process (Tan et al., 2013). The purpose of this study was 

to identify the suitable solvent and time extraction, 

which increase the yield and antioxidant capacity of chia 

seed oil.  

 

2. Materials and methods 

2.1 Materials  

Black chia seeds (Salvia hispanica L.) from 

Australia were used in the study and stored in the 

refrigerator. The total moisture content was 5.3%. Before 

oil extraction, the seeds were milled by using a coffee 

grinder (HanJiaOurs, China) for 15 s into finely 

powdered. Acetone (R & M Chemicals) and hexane 

(QReC) were used for extracting oil from chia seeds. All 

chemicals used in the antioxidant activities were 

analytical grades. Meanwhile, α-tocopherol (Sigma-

Aldrich Chemical Co.) was used as the standard for 

comparison with chia seed oil in the antioxidant activity 

methods. 

2.2 Extraction of chia seed oil  

The Soxhlet procedure described by AOAC (1990) 

was used for the extraction and determination of the 

percentage of oil yield from the chia seed. Milled chia 

seeds were weighed and placed in the thimble, and 

approximately 250 mL of extraction solvent (hexane or 

acetone) was poured into a weighed round-bottom flask. 

The solvent was heated to boil based on their boiling 

points (acetone: 56°C and hexane: 63-69°C). The chia 

seed oil was extracted using acetone in 4 hrs and 8 hrs, 

identified as A4 and A8. Meanwhile, the extraction also 

carried out using hexane identified as H8 and used as 

control. Most of the chia seed oil extraction conducted 

using hexane as a standard solvent based on the previous 

studies (Álvarez-Chávez et al., 2008; Ixtaina et al., 2010; 

Ixtaina et al., 2011; Dąbrowski et al., 2016; Scapin et al., 

2017) at different extraction times (8 hrs to 18 hrs). 

Extraction time for 8 hrs was used in the study to reduce 

the energy and electrical consumption of the Soxhlet 

apparatus. The solvent removal was carried out under 

vacuum in a rotary evaporator (Büchi, Flawil, 

Switzerland) for 30 mins and used at 40°C. Finally, 

extracted chia seed oil was weighed to determine the oil 

yield and transferred into a dark bottle, flushed with 

nitrogen gas and stored at 4°C until analyzed for 

antioxidant activities. All determinations were performed 

in triplicate. Three chia seed oil samples were obtained.  

2.3 Determination of oil yield 

The percentage of oil yield was calculated by 

measuring the weight of the extracted oil and the weight 

of the chia powder used for oil extraction as described by 

Khajeh (2011). 

2.4 Determination of total phenolic contents 

Total phenolic content of the chia seed oils was 

measured by the Folin-Ciocalteu procedure with few 

modifications (Singleton et al., 1999). Chia seed oil 

diluted with acetone or hexane and mixed with the Folin-

Ciocalteu reagent. Next, 7.5% sodium carbonate 

(Na2CO3) solution was added after 6 min, and the tubes 

were standing in the dark at room temperature for 2 hrs. 

Then, the absorbance was determined at 765 nm using a 

spectrophotometer (Shimadzu UV-1800, Japan) and 

compared with a calibration curve of gallic acid 

developed: Y = 0.0078x + 0.0514, R2 = 0.9994 (ranged 

from 0 to 100 ppm). The results were shown as 

milligram (mg) of gallic acid equivalent per gram of oil 

extract (mg/ g GAE of oil). 

2.5 Determination of total carotenoids 

Total carotenoid contents were determined by the 

method of Mínguez-Mosquera et al. (1991). About 0.2 g 

of chia seed oil was fully dissolved in 2 mL of 

cyclohexane. The absorbance of the solution was 

measured at 470 nm wavelengths for carotenoids by 
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using UV spectrophotometer (Shimadzu UV-1800, 

Japan). The carotenoid contents were quantified as 

follows: 

Where A is the sample of the absorption value, 470 is the 

extinction coefficient for carotenoids, 2000 is the 

extinction coefficient for carotenoids (lutein being a 

major component in the carotenoid fraction), and d is the 

spectrophotometer cell thickness (1 cm). 

2.6 Antioxidant activity 

2.6.1 Determination of free radical scavenging 

(DPPH) assay  

The DPPH activity of chia seed oil was measured 

(Ruttarattanamongkol and Petrasch, 2016) with few 

modifications. About 0.2 mL of chia seed oil was mixed 

with 10 mL of methanol for 1 min by using vortex 

shaker. The sample mixture was centrifuged at 4000 rpm 

for 5 min. Next, 0.6 mL of supernatant was mixed with 2 

mL of 0.1 mmol/L DPPH solution in methanol. The 

mixture was stored for 60 mins in the dark place. The 

absorbance of the sample mixture was read at 517 nm 

using UV spectrophotometer (Shimadzu UV-1800, 

Japan). The antioxidant activity of chia seed oil was 

expressed as percentage inhibition of DPPH radical as 

follows: 

2.6.2 Determination of ferric reducing antioxidant 

power (FRAP) 

FRAP of the chia seed oil was determined (Benzie 

and Strain, 1996). The FRAP reagent (Fe (III) solution 

and TPTZ) was prepared by the mixture of 0.3 M acetate 

buffer (25 mL), solution of 10 mM TPTZ (2,4,6-tri(2-

pyridyl)-s-triazine) (2.5 mL) and solution of 20 mM 

ferric chloride (2.5 mL). About 200 µL of diluted chia 

seed oil (10 mg of chia seed oil/100 mL of solvent) was 

added into the test tube containing 1.8 mL of FRAP 

reagent and incubated in the water bath for 30 min at 37°

C. Then, the absorbance of the coloured sample solution 

was measured at 593 nm using a spectrophotometer 

(Shimadzu UV-1800, Japan). The Trolox solution 

(ranged from 0 to 100 ppm) was employed as a standard 

for the calibration curve: Y = 0.095x + 0.0882, R² = 

0.9922, and the results were stated in micromole the 

Trolox equivalents per gram of oil (µmol Trolox/g of 

oil). 

2.6.3 β-Carotene bleaching assay (BCBA) 

The β-carotene bleaching activity of the chia seed oil 

was measured (Shon et al., 2003) with some 

modifications. The solution of β-carotene was made by 

mixing 3 mg of β-carotene in 10 mL of chloroform. 

Next, 4 mL of β-carotene solution, 80 mg of linoleic acid 

and 800 mg of Tween 80 were added into the 500 mL 

round-bottom flask. Distilled water (200 mL) was added 

to the round-bottom flask with vigorous shaking, after 

removing chloroform by purified nitrogen gas. The 

emulsion formed (3 mL) and 0.2 mL of chia seed oil 

sample (400 μg of chia seed oil /mL of hexane or 

acetone) were mixed in glass tubes and heated in a water 

bath at 50°C. Then, the absorbance of the β-carotene 

mixtures was measured at 470 nm using a 

spectrophotometer (Shimadzu UV-1800, Japan) at 30 

min intervals for 2 hrs. α-tocopherol was used as a 

standard antioxidant. The inhibition rate was calculated 

as follows: 

Where As = Initial absorbance of the sample and Ai = 

Absorbance of the sample after 2 hrs 

2.6.4 Thiobarbituric acid (TBA) assay  

The TBA content of the chia seed oil was determined 

by using the method of Kikuzaki and Nakatani (1993). 

About 1 mL of the sample solution was mixed with 2 mL 

of trichloroacetic acid (20%) and 2 mL of TBA (0.67%). 

The sample solution was prepared by dissolving chia 

seed oil (200 µL) in 2 mL of 65% ethanol. Next, the 

solution was mixed with 2 mL of linoleic acid (2.5%) in 

absolute ethanol, 4 mL of 0.05 M phosphate buffer and 2 

mL of distilled water, and stored in the dark at 40°C. 

Next, the mixture was incubated in a boiling water bath 

for 10 mins. After cooling, the mixture was centrifuged 

at 3000 rpm for 20 mins. The absorbance of the 

supernatant was measured at a wavelength of 532 nm 

(Shimadzu UV-1800, Japan). The inhibition rate was 

measured using the following equation: 

Where Ac = Absorbance of the control and As = 

Absorbance of the sample 

2.7 Statistical analysis 

All experimental data were conducted in triplicate 

and expressed as mean ± standard deviation. The 

statistical analyses were performed using MINITAB 

software version 9.1. Data were subjected to analysis of 

variance (ANOVA) at 95% confidence level (p ≤ 0.05) 

to find any significant difference between samples. A 

Pearson correlative coefficient was computed to 

determine the correlation between antioxidant results 

obtained for all samples tested.  

 

3. Results and discussion 

3.1 Extraction yield of chia seed oil 

The oil yield of chia seeds extracted by different 
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solvents and time are presented in Table 1. It can be 

observed that the total lipids of chia seed obtained from 

various treatments showed a significant difference (p ≤ 

0.05) each other. The yield of chia seed oils ranged from 

33.53-36.1%, which was similar to the results reported 

by Noshe and Al-bayyar (2017) and Dąbrowski et al. 

(2018a). The content of oil in chia seeds obtained in the 

present study in the range of values 30-35% as discussed 

in the EFSA report (EFSA, 2009). Ayerza et al. (2009) 

reported that the location of the chia seed cultivation 

strongly influenced the oil content, which can be varied 

from 26.0-33.5%. The results showed that the Soxhlet 

extraction method using hexane for 8 hrs is the most 

effective to obtain the highest yield of chia seed oil. 

Moradi et al. (2018) described hexane as an excellent 

non-polar solvent in terms of oil extraction yield when 

compared to polar organic solvents such as acetone, 

methanol and ethanol, respectively which showed low 

efficiency. Thus, the non-polar of hexane are responsible 

for higher diffusion and chia seed oil yield in the 

extraction. 

3.2 Total phenolic contents (TPC) of chia seed oil 

TPC of the chia seed oils from different solvents and 

times are shown in Table 2. Chia seed oil extracted by 

acetone for 4 hrs showed the highest phenolic content 

indicated that a significant amount of phenolics were 

obtained from polar solvent at a shorter time. On the 

other hand, chia seed oil obtained by hexane showed a 

significantly different (p ≤ 0.05) than the others. This 

might due to the lower value of phenolic contents from 

the polar differences between hexane and acetone 

towards antioxidant compounds. Antioxidant activity is 

strongly associated with TPC in the plant (Oliveira-

Alves et al., 2017). Sri Widyawati et al. (2014) 

confirmed that the polarity differences of extraction 

solvents affect the composition and antioxidant activity 

of the bioactive compounds in the plant sources. The 

recovery of polyphenols from the plant is also influenced 

by their solubility in the solvent used for the extraction 

process (Naczk and Shahidi, 2006). The measured 

amount of phenolic content obtained can be related to the 

presence of polyphenolic compounds such as 

chlorogenic acid, kaempferol, quercetin, myricetin, and 

caffeic acid in the chia seed oils obtained by different 

extraction methods (Ixtaina et al., 2011; Marineli et al., 

2014). Phenolic compounds such as chlorogenic acid, 

caffeic acid, myricetin, quercetin and kaempferol are 

hydrophilic and easily extracted by polar solvent like 

acetone (Edwards et al., 2015). Thus, acetone could 

extract more phenolic compounds in chia seed oil 

compared to hexane. Acetone is commonly used as an 

organic solvent in the extraction of phenolic compounds 

from plants (Haminiuk et al., 2014; Naczk and Shahidi, 

2006). On the other hand, hexane extracts more non-

polar compounds such as lignin, waxes, lipids, 

aglycones, tocopherols, sterols, and terpenoids. TPC for 

chia seed oil (A8) was significantly lower (p ≤ 0.05) than 

that of acetone extraction at 4 hrs. Therefore, extraction 

time plays a vital role in maximizing the recovery of 

polyphenols in chia seed oil. Although longer extraction 

time may increase extraction yields of chia seed oil 

(Table 1), phenolic compounds were over-exposed to 

temperature, light and oxygen which lead to oxidation as 

well as enzyme degradation (Go et al., 2014; Saphier et 

al., 2017). 

3.3 Total carotenoid content (TCC) of chia seed oil 

The values found for TCC of chia seed oils extracted 

by different solvents and times are shown in Table 2. 

Chia seed oil (A8) contained significantly higher TCC (p 

≤ 0.05) compared to others. Meanwhile, chia seed oil 

(H8) had the lowest content of total carotenoids. The 

result obtained in accordance with the previous study by 

Ixtaina et al. (2011) reported that the solvent extraction 

method using hexane varied between 0.53 to 1.21 mg/kg. 

Meanwhile, Dąbrowski et al. (2016) stated that TCC of 

chia seed oil extracted by acetone was 8.40 mg/kg. 

According to Dąbrowski et al. (2018a), β-carotene is the 

main compound in chia seed oil samples from various 

sources and origins. Besides, other carotenoids such as 

lutein and 9-cis-ß-carotene were also present (Dąbrowski 

et al., 2018a). However, chia seed oil extracted by 

supercritical carbon dioxide enriched with acetone 

showed that most of the carotenoid compounds are lutein 

followed by β-carotene and minor concentration of 9-cis-

Chia seed oil Yield of chia seed oil (%)  

A4 33.53±0.61b 

A8 33.73±0.93b 

H8 36.10±0.80a 

Table 1. The oil yield (%) of Australian chia seeds extracted 

by different solvents and times 

Values in each column with different letters are significantly 

different (p ≤ 0.05). A4: Chia seed oil extracted by acetone for 

4 hrs, A8: Chia seed oil extracted by acetone for 8 hrs, H8: 

Chia seed oil extracted by hexane for 8 hrs. 

Chia seed oil TPC (mg GAE/g of oil) TCC (mg/kg of oil) 

A4 75.13±2.22a 2.93±0.18b 

A8 61.88±1.96b 3.51±0.16a 

H8 14.44±2.67c 1.10±0.06 c 

Table 2. Total phenolic and carotenoid content of chia seed 

oils extracted by different solvents and times 

Values in each column with different letters are significantly 

different (p ≤ 0.05). A4: Chia seed oil extracted by acetone for 

4 hrs, A8: Chia seed oil extracted by acetone for 8 hrs, H8: 

Chia seed oil extracted by hexane for 8 hrs. 
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β-carotene (Dąbrowski et al., 2018b). Significant 

impacts can be observed (p ≤ 0.05) in the TTC of chia 

seed oil when applying acetone at different extraction 

times. The results showed an increase in TCC of chia 

seed oil from 4 hrs to 8 hrs of the acetone extraction. 

According to Norshazila et al. (2017), there is an 

increase in pumpkin carotenoid contents at higher 

extraction time from 8 hrs to 16 hours using food grade 

solvents. It is found that acetone used in the extraction 

method was efficient in obtaining carotenoid content of 

chia seed oil at a longer time. According to Dąbrowski et 

al. (2016), acetone is the most effective solvent for 

carotenoid extraction in chia seed oil. Therefore, the high 

polarity of acetone in the extraction method of chia seed 

oil allows for obtaining more amphiphilic compounds, 

including carotenoids. 

3.4 Determination of antioxidant activity 

The results obtained for the determination of 

antioxidant capacities of chia seed oils based on the 

different solvents and times as compared with 

antioxidant standard (α-tocopherol) are shown in Table 

3.  

3.4.1 Free radical scavenging assay (DPPH) of chia 

seed oil  

Table 3 shows the antioxidant activity of chia seed 

oils produced by different solvents and extraction times 

in DPPH method. Inhibition percentage of DPPH radical 

activity in the chia seed oils showed a significant 

difference (p ≤ 0.05) compared to the antioxidant 

standard. α-tocopherol displayed the highest antioxidant 

activity, followed by A4, A8 and H8. Chia seed (Salvia 

hispanica) oil used in the present study showed higher 

antioxidant activity than other oil from Salvia species 

except for Salvia candidissima subsp. 

Candidissima (49.7%). The values obtained were as 

follows: S. caespitosa (41.3%), S. hypargeia (34.6%), S. 

euphratica subsp. Euphratica (20.7%), and S. 

sclarea (23.4%), respectively (Tepe et al., 2006). Sargi 

et al. (2013) reported that the activity of free radical 

scavenging for chia seed oil was higher than that of 

hemp seeds but lower than flax seeds. Antioxidants in 

chia seed oil have a high ability to trap DPPH free 

radicals. However, the inhibition percentage of free 

radical scavenging activity for the chia seed oil in this 

study was lower than Martínez-Cruz and Paredes-López 

(2014). It observed that high correlation between 

phenolics (r = 0.996) and carotenoids (r = 0.863) to 

reduce free radical DPPH by chia seed oil, as shown in 

Table 4. A positive correlation demonstrates that 

phenolic compounds and carotenoids are mostly 

responsible for free radical scavenging activity of chia 

seed oil. 

3.4.2 Ferric reducing antioxidant power (FRAP) of 

chia seed oil 

Table 3 shows the FRAP (antioxidant power of iron 

reduction) values of chia seed oils extracted by different 

solvents and times. FRAP values of chia seed oils (A4, 

A8 and H8) and α-tocopherol showed significant 

difference (p ≤ 0.05) between them. Reduction power of 

chia seed oils by using acetone at different times (A4 and 

A8) showed no significant difference (p ≥ 0.05). The 

values for both extractions are considerably higher (p ≤ 

0.05) compared to hexane extraction (H8). The results 

also showed chia seed oil (A8) produced the highest 

FRAP value compared to other oil samples. This might 

be due to the largest amount of carotenoid content found 

in chia seed oil (A8). Positive correlation between FRAP 

method with the total carotenoid and phenolic content 

were (r = 0.998) and (r = 0.930), respectively. It shows 

that the antioxidant activity of chia seed oil in the FRAP 

method strongly related to the carotenoid and phenolic 

compounds. Meneses et al. (2013) stated that extraction 

solvents have a significant impact on the recovery of 

phenolic compounds. According to Alothman et al. 

(2009), high antioxidant activities from FRAP results 

much depends on the high polarity of the solvent. This 

may suggest that the antioxidant capacity of chia seed oil 

extracted by acetone is higher and better than extracted 

oil by hexane in the FRAP determination. 

3.4.3 β-Carotene bleaching assay of chia seed oil 

Table 3 shows that the antioxidant capacities of chia 

seed oils (A4, A8 and H8) were 38.24%, 33.72% and 

12.53%, respectively, compared to 51.94% for α-

tocopherol as a standard antioxidant. No significant 

differences (p ≥ 0.05) in antioxidant capacity were found 

between the chia seed oils (A4 and A8). Thus, acetone 

Chia seed oil 
DPPH radical 

scavenging (%) 

FRAP Inhibition of β-

Carotene bleaching (%) 

Inhibition of lipid 
peroxidation activity (%) (μmol Trolox/g of oil) 

Standard antioxidant (α-tocopherol)  78.33±1.18a 2574.42±6.42a 51.94±3.10a 82.23±1.55a 

A4 49.62±3.00b 119.72±2.43b 38.24±3.25b 67.11±2.99b 

A8 44.10±2.12c 132.34±6.42b 33.72±1.78b 55.26±2.31c 

H8 31.28±1.60d 32.80±4.21c 12.53±1.75c 31.39±2.32d 

Table 3. Antioxidant activity of chia seed oils extracted by different solvents and times 

Values in each column with different letters are significantly different (p ≤ 0.05). A4: Chia seed oil extracted by acetone for 4 

hrs, A8: Chia seed oil extracted by acetone for 8 hrs, H8: Chia seed oil extracted by hexane for 8 hrs. 
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extraction at different times did not influence on the 

antioxidant activity of chia seed oil in the β-Carotene 

bleaching method. However, chia seed oil (H8) 

presented the lowest antioxidant activity. β-Carotene 

bleaching method involved the reaction of free radicals 

formed by hydroperoxides from the oxidation of linoleic 

acid with β-carotene. The bleaching rate of β-carotene 

increased with a low amount of antioxidants in the oil 

samples during the oxidation reaction. The presence of 

antioxidants retarded the radicals produced from the 

linoleic acid oxidation, which is activated the bleaching 

of β-carotene (Yunfeng et al., 2018). The inhibition 

activity of β-carotene bleaching for chia seed oils was 

lower than previous research by Reyes-Caudillo et al. 

(2008) that the values of Mexican chia seed oil from two 

regions were 79.3% and 73.5%, respectively. 

Furthermore, chia seed oils in this study also showed a 

lower antioxidant activity compare to oil from 

Salvia species such as S. caespitosa (55.9%), S. 

candidissima (62.3%), S. hypargeia (62.9%), S. 

euphratica (59.1%) and S. sclarea (63.5%) (Tepe et al., 

2006). Although the antioxidant activity of chia seed oil 

was lower than the other studies, a significantly strong 

correlation (r = 0.999) between β-carotene inhibition 

activity and the TPC of chia seed oils were obtained. 

Antioxidants can stabilize reactive oxygen species from 

linolenic acid oxidation (Reyes-Caudillo et al., 2008). 

Chlorogenic and caffeic acids are phenolic compounds 

that can act as secondary antioxidants that prevent 

oxidation by suppressing oxidizing agents, including 

metal ions, single oxygen, and pro-oxidative enzymes 

(Sahreen et al., 2011). Different extraction solvents 

applied in the extraction method significantly affect the 

inhibitory activity of β-carotene bleaching for chia seed 

oils. These results indicate that the solvent polarity 

influenced the antioxidant activity of chia seed oils. 

Several causes might be responsible for the results 

obtained. The H-atom transfer (HAT) mechanism has 

taken place between chia seed oil (contains phenolic 

antioxidant) by transferring hydrogen to the peroxyl 

radical in the linoleic acid oxidation (Valgimigli et al., 

2009). Litwinienko and Ingold (2003) revealed that the 

solvent polarity affects the capacity of the hydrogen 

transferring. Hexane (high hydrophobicity) has the 

ability to delay the phenol-peroxyl radical reactions 

compared to acetone (smaller hydrophobicity) 

(Litwinienko and Ingold, 2004). It may describe the 

lowest value of antioxidant activity obtained in chia seed 

oil (H8) for β-Carotene bleaching method. 

3.4.4 Thiobarbituric acid assay (TBA) of chia seed 

oil  

Table 3 shows that α-tocopherol has the highest level 

of antioxidant activity (82.23%) compared to other chia 

seed oils (A4, A8 and H8) with TBA values of 67.11%, 

55.26% and 31.39%, respectively. Chia seed oil (A4) 

showed higher TBA value (p ≤ 0.05) than other oil 

samples. This assay is used a lot in the determination of 

antioxidant capacities regarding lipid peroxidation 

(Moon and Shibamoto, 2009). Single oxygen is the 

catalyst for the formation of hydrogen peroxide and 

hydroxyl radicals in the lipid peroxidation system 

(Siddhuraju et al., 2002). Phenolic plays an essential role 

as a single oxygen trap and free radical scavenger by 

donating hydrogen from their phenolic groups (Reyes-

Caudillo et al., 2008). The formation of MDA can be 

inhibited by the existence of polyphenolic compounds 

(Zaki, 2018). Low phenolic content led to insufficient 

hydrogen donor to trap single oxygen from the linoleic 

acid peroxidation. The lowest TBA value of chia seed oil 

(H8) obtained in this study showed similar result to 

previous lipid oxidation method (β-Carotene bleaching 

assay). It is demonstrated that hexane was not an 

effective solvent to retard the oxidation occurs in the 

TBA assay due to their hydrophobic characteristics. 

Therefore, it confirmed that higher TPC of chia seed oil 

(A4) compared to other oil samples proved the best 

antioxidant capacity to reduce the lipid peroxidation in 

both methods (TBA and BCBA). 

3.5 The correlation between antioxidant results obtained 

Based on the Table 4, there was a significant 

correlation (p ≤ 0.05) between TPC with BCBA (r = 

0.999) and TBA (r = 0.997). The positive correlation 

between TPC and BCBA is due to the polyphenols in 

chia seed oil acts as a hydrogen donor to the oxygen in 

the β-carotene peroxidation model system (Tepe et al., 

2006). The positive correlation obtained by Dąbrowski et 

al. (2018b) who found that chia seed oil extracted by 

supercritical carbon dioxide enriched with 10% acetone 

contained the highest amount of carotenoids and 

polyphenols. Thus, polyphenols in the chia seed oils 

extracted by acetone retarded the lipid radicals formed 

during linolenic acid oxidation by delaying the 

discolouration of the β-carotene. Similar finding reported 

by Ferhat et al. (2017) who stated that high correlation 

was found between TPC and the BCBA (r=0.725, p ≤ 

0.01) of Algerian pomace olive oil. The inhibitory effects 

of polyphenols towards MDA formation during fat 

peroxidation also explain the positive relationship 

between TPC and TBA (Zaki, 2018). Meanwhile, 

carotenoids had a high correlation with FRAP (r = 

0.998). This correlation can be described by the presence 

of carotenoid compounds (zeaxanthin and lycopene) 

which contributed to the high ferric reduction activity 

(Maruyama et al., 2014; Müller et al., 2011). In addition, 

DPPH showed a good correlation (p ≤ 0.05) with TBA (r 

= 0.999). 
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4. Conclusion 

The oil yield, total phenolic compounds, total 

carotenoid contents and antioxidant properties of chia 

seed oils extracted by hexane (4 hrs) as control and 

acetone at various extraction times (4 hrs and 8 hrs) were 

conducted in this study. Simple linear correlation of total 

antioxidant compounds and antioxidant activity were 

also observed. Chia seed oil extraction using hexane 

gave the maximum oil yield. However, increasing of 

extraction time more than 4 hrs using acetone as a 

solvent had not significantly (p > 0.05) improved the oil 

recovery of chia seed. Meanwhile, acetone showed an 

excellent solvent for the extraction of phenolic and 

carotenoid compounds in chia seed oil. Furthermore, 8 

hrs of acetone extraction time enhanced the number of 

carotenoid contents in chia seed oil. The antioxidant 

activity of chia seed oil extracted by acetone for 4 hrs 

exhibits the highest antioxidant capacities (DPPH, 

BCBA and TBA). However, chia seed oil obtained by 

hexane as a control showed a weak antioxidant activity 

in all tests. There was a correlation within the total 

phenolic compounds, carotenoids and antioxidant 

activity, which are contributing to the antioxidant 

potential of chia seed oil. Thus, the results indicate that 

the utilization of an appropriate solvent in terms of 

polarity and time of extraction is essential for obtaining 

chia seed oils with high antioxidant capacity.  
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