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The purpose of our research was to evaluate phenolic content and antioxidant activity of Salvia 
hispanica L. seeds grown in greenhouse conditions. The total phenolic content of the extract was 
determined by the Folin-Ciocalteu method and total antioxidant activity of plant extract was evaluated by 
standard methods of DPPH and ascorbic acid equivalent antioxidant capacity (AEAC). The purpose of 
doing this study; To determine the bioactive substance richness in M1 generation chia seed content 
grown in the greenhouse after invitro study. Total phenolic content has been 31,4241mg GAE/g 100 of 
gallic acid equivalent and DPPH value 3,38 mg/100 was found in M1 chia seed content grown in 
greenhouse conditions, Ascorbic acid equivalent antioxidant capacity value 365,6.10-4 g / kg was found.  
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INTRODUCTION 

Plants are good source of biologically active 
secondary metabolites which have many 
therapeutic potential in free radical associated 
disorders (Aydın et al.,,). They are also used in 
the treatment of some diseases and as foodstuffs. 
In adition to they are used in the treatment of 
some diseases due to their medicinal properties. 
One of the plants used for this purpose is the Chia 
plant we use in our study. We can give the 
following information about the general 
characteristics of this plant in the literature. 
Although there is a very scientific study about the 
plant, the difference in the regional and the 
environments in which it grows also leads to 
content differences. In spite of the great advances 
in modern medicine in recent years, plants 
contribute significantly to health services (Lu et 
al.,, 2002, Dorman et al.,, 2003, Gu et al.,, 2001, 
Lu et al.,, 1999, Miliauskas et al.,, 2004,Tepe et 
al.,, 2006. Chia for commercial purposes has 

been cultivated in Colombia, Argentina, Peru, 
Ecuador, Bolivia, Australia and Paraguay. Its 
seeds are known for their antioxidant properties, 
dietary fiber and α-linoleic acid contents, which 
help prevent several diseases (Cahill, 2003, 
Peiretti et al.,, 2009, Reyes-Caudillo et al.,, 2008, 
Chicco et al.,, 2009, Bodoira et al.,, 2017, 
Magdalena et al.,, 2015. Chia seeds contain 
abundant nutrients. Essential for human health, it 
is high in protein and rich in elements. It helps to 
burn more calories, accelerates fat burning 
Accelerates bowel movements, has the ability to 
relieve constipation. It protects the heart and brain 
system and strengthens the immune system and 
protects against diseases. The purpose of our 
research is to determine the content analysis of 
the bioactive substances in the M1 generation 
product content of chia seeds grown in 
greenhouse conditions and to determine the 
difference from the mother. 
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MATERIALS AND METHODS 

Plant Material 
Chia (Salvia hispanica L.) seeds of Bolivian 

origin, obtained from Genartek Biotechnology 
Company were grown in greenhouse condition. 
Chia seeds were sown in March and completed 
the plant development process in ten months. M1 
seed generation was obtained from greenhouse 
grown plants. Seeds, basal medium (MS) 3% 
sucrose, 7% agar with 0,4 mg l-1 gibberellic acid 
(GA3) and 10 mg l-1 were grown in vitro in the 
medium supplemented with ascorbic acid (AA) 
(Murashige et al.,, 1962). Seeds were collected in 
November-December after completing their 
development. Chia seed germination was to within 
one week. Chia seedling completed its 
development process in about eleven months 
(Figure 1). 

 
Figure 1. Chia plant and seeds grown in greenhouse condition. 

Extracts preparation of seed 
The seeds collected were shredded with a 

blender in our laboratory. Twenty-five gram of 
each sample was transferred to Erlenmeyer flasks 
and 250 ml of ethanol (96% Merck) was then 
added as solvent. The extraction was carried out 
by standing in a temperature-controlled water bath 
apparatus for 6 hours. The extract was then 
separated from the sample residue by filtration 
through Whatman No. 1 filter paper. The solvent 
portion of the extracts obtained was removed in a 
rotary evaporator (IKA, RV 10 basic V-C, 
Germany). All of the extracts were lyophilized and 
stored in the refrigerator at + 4 ° C. until use. After 
sample (2 g) was taken from chia seeds, 10 ml of 
96 % ethanol was added and mixed for 2 minutes 
in the homogenizer. It was kept in a water bath at 
45°C for 1 night and at the end of this period, it 
was centrifuged at 4000 rpm for 5 minutes. The 
supernatant part was taken and blown in a rotary 
evaporator until it was completely dry at 45°C. 
The extracts were dissolved in 1 ml of ethanol for 
phenolic analysis and made ready for analysis 

(Kiselev et al., 2007). The rol-B gene–induced 
over production of resveratrol in Vitis amurensis 
transformed cells. The total phenolic content of 
extracts was determined using to the Folin-
Ciocalteu method. Preparation of saturated 
sodium carbonate: For 100 ml of solution, add 20 
g of sodium carbonate to 80 ml of pure water and 
boil well. It is cooled down to room temperature. 
Then another 7 g is added. It is kept in the dark 
for 24 hours after nucleation. Then it is filtered 
through filter paper. The volume of the bottom part 
is completed to 100 ml with distilled water. 40 
microliters of extract was added to the tubes from 
Chia seed extracts by putting 2.4 ml of pure water. 
With 200 microliters of Folin-Ciocalteu, 600 µl of 
saturated sodium carbonate was brought to room 
temperature with the condition of being between 
30 seconds and 7.5 minutes, and 760 µl of pure 
water was added and vortexed. It is waited for 2 
hours in the dark at room temperature and a 
reading is made at 765 nm on a 
spectrophotometer  

Total antioxidant capacities  
The antioxidant capacity of the extracts was 

evaluated using the ascorbic acid Equivalent 
Antioxidant Capacity (AEAC).The stock solution 
was prepared as follows: (0.2mg) in 1 ml of 
chloroform was added to 20µL of linoleic acid, and 
200 mg of Tween -20 emulsifier mixture. The 
mixture was then evaporated at 40 ºC for 10 min 
by means of a rotary evaporator to remove 
chloroform. For control, 0.2 mL of solvent ethanol 
was placed in test tubes instead of the extract. As 
soon as the emulsion was added into the 
testtubes, initial absorbance was measured with a 
spectrophotometer (UV- Shimadzu, Japan) to be 
at 470 nm. All samples were assyed in triplicate. 
The antioxidant activity was calculated using the 
equation below Zaspel et al., 1983. Calculation: 
Sample evaluation was performed qualitatively 
first and then quantitatively with the external 
standard - calibration curve method (Singleton et 
al., 1965). The radical scavenging activitywas 
calculated in terms of Ascorbic Acid Equivalent 
Antioxidant Capacity (AEAC) by using the 
following formula: 

AEAC= A control – A sample / A control–A 
ascorbic acid × 

concentration of ascorbic acid × (mg/mL) × 
volume × 100/g of sample 

Where, A is Absorbance (at 517 nm). 
(A0; for example, initial absorbance, at initial 

absorbance of control, A00; absorbance of the 
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sample after 120 minutes, At 0; absorbance of 
control after 120 minutes). 

Free radical scavenging activity (DPPH) 
Free radical scavenging activity of ethanol 

extracts of S. hispanica was measured by 2 2’-
diphenyl-2-picrylhydrazyl (DPPH; Sigma Aldich, 
Steinheim, Germany) using 0.1 mM solution of 
DPPH in ethanol was prepared. Then, 1 mL of this 
solution was incubated with varying 
concentrations of S. hispanica seeds (1-500 µg/ 
mL). The reaction mixtures were then shaken well 
and incubated for 30 minute in dark at room 
temperature. The free scaveging capacities of S. 
hispanica M1 seeds ethanolic extracts of seeds 
was evaluated and determined as follows; 

AA: [1-(A0-At/A00-At0 )] x 100 
 
RESULTS AND DISCUSSION 

Plants containing high phenolic compounds 
can be a good source of antioxidants and total 
phenolic contents (Kara 2017). In our study, Chia 
(Salvia hispanica L.) seeds with rich nutrient 
content were grown by germinating under different 
environmental conditions and new generation 
seeds were obtained. The extractions of the new 
generation seeds obtained were analyzed and the 
phenolic, antioxidant content was tested. The 
grown M1 generation seeds content and 
germination rate and duration were evaluated in 
terms of the physiological characteristics and 
development of the plant.  

Total phenolic and flavonoid content  
Total phenolic and flavonoid contents in the 

ethanol extracts from S.hispanica M1 seeds were 
measured in this research. The results are as 
follows; chiagenic acid 25,11 µg/10 g, caffeic acid 
54,22 µg/10 g and quersetin 1,713 µg/10 g and it 
was revealed that different environmental 
conditions affect the content of phenolic 
substance. In this research total phenolic content 
of Chia seeds M1 generation obtained by growing 
under greenhouse conditions was determined. It 
has been determined that the total phenolic 
content of Chia seeds grown in greenhouse 
conditions is high and total phenolic amount 31, 
4241 mg GAE /g in seeds extracts. The results 
exhibit that the seed extract of S. hispanica 
evaluated, the ethanol extract, showed stronger 
antioxidant activity. Antioxidant activities of 
ethanolic extracts of the S. hispanica were 
determined via 2 2-diphenyl-2-picrylhydrazyl 
radical scavering assay. DPPH is one of the 
antioxidant analysis methods. Total antioxidant 

value (3,38 µmol TE/g) found in chia seeds grown 
in greenhouse conditions was found to be high. 
Results showed that high antioxidant and free 
scavering capacities. It has been determined that 
Chia seeds 365,6.10-4 g/kg obtained from plants 
grown in greenhouse conditions. The presence of 
chlorogenic acid, caffeic acid and quercetin, which 
are among the phenolic compounds, has been 
determined in chia seeds. According to a study; 
the phenolic and antioxidant content of 
S.hispanica seed was examined. It has been 
determined that the chia seed content of Chia with 
the oil content removed, the white chia seed 
phenolic content is higher than the normal seed 
and there is a significant difference in DPPH free 
radical sweeping activities. Previous studies have 
shown that chia seed composition is significantly 
affected by geographical location (Yeşiloğlu et al., 
2013). For instance, chia grown in Peru was found 
to contain higher in total phenolic contents of chia 
seeds harvested form different locations were also 
observed. The total phenolic activity of Chilean 
chia seed has been reported to be 0.94 mg gallic 
acid equivalent of sample (Tunçil et al.,2019). 
Quercetin content was found to be higher in Chia 
seeds grown in land conditions compared to chia 
seeds grown in greenhouse conditions. Different 
environmental conditions have greatly affected the 
total amount of phenolic substances contained in 
Chia seed content. It has been determined that 
the amount of antioxidant substance in chia seed 
content varies according to the ambient conditions 
in which the plant is grown (Zaspel et al., 1983, 
Silva et al., 2014). In our study, it was determined 
that M1 chia seeds extract grown in greenhouse 
conditions have more antioxidant content than 
seeds grown in land conditions. It has been 
determined that different environmental conditions 
greatly affect the amount of ascorbic acid 
contained in chia seeds (Tunçil et al.,2019).  

Our results demonstrated that all extracts of 
S. hispanica have efficient compounds in grown 
greenhouse. The M1 generation of the chia plant 
seed grown in the greenhouse is very rich in 
extract content. In terms of both phenolic content 
and antioxidant content, this was also determined 
by our analysis. In conclusion, M1 chia seeds 
showed high concentrations of vitamin, total 
phenolic and antioxidant content. The reason for 
the differences in its chemical composition of the 
seeds grown in the greenhouse is due to different 
grow location, soil conditions, temperature, 
humidity, light and growing conditions. 
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