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Abstract: Some seeds are a major source of vitamins and minerals and contain primary and natural 

antioxidants, making them useful as medical resources to treat infectious diseases in poor and 

developing countries. This research aimed to study and analyze the effects of ultraviolet A radiation 

on the molecular structure, chemical composition and photochemical compounds of Salvia hispanica L. 

seeds (chia seeds). The results show that ultraviolet A radiation significantly affected the arrangement, 

size, interconnection and orientation of the Salvia hispanica seed molecules. Also, significant changes 

in the carbohydrate, protein and fat contents were observed, with little variation in the total fibers 

comprising the Salvia hispanica L. (chia seeds), after exposure to ultraviolet A radiation for different 

times at dissimilar distances. The phenolic content and flavonoid content in the Salvia hispanica L. 

seeds varied after exposure to ultraviolet A radiation for 1, 2, 3 and 4 hours at 5-cm and 20-cm distances 

from the ultraviolet source. 
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1. Introduction 

Ultraviolet (UV) radiation is a part of the non-ionizing region of the electromagnetic spectrum, 

within which the UVA component has the longest wavelength, followed by the UVB and UVC 

components, which have the shortest wavelengths. UVA (3200–4000 Å) represents the least hazardous 

component of UV radiation. Both the inhibitory and stimulatory effects on biomass accumulation and 
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morphology are common responses of plants to UVA radiation. Internal and external factors, such as 

enzymes and UV radiation, can have a significant impact on the synthesis and accumulation of 

secondary metabolites, which are both very complicated processes. UVB radiation improved the 

generation of hydroxyl, hydrogen peroxide, superoxide radicals and singlet oxygen [1,2]. The 

superoxide dismutase enzyme and peroxidase, which scavenge ROS (reactive oxygen species) and 

protect lipids, proteins and nucleic acids, are activated when plants respond to oxidative injury [3,4]. 

For protection from damage, phenolic and flavonoid compounds are also produced by plants as UVB-

absorbing compounds [5]. Secondary metabolites have been synthesized as a result of abiotic stresses 

like drought, a deficiency of the nutrients in the soil and heavy metal pollution [6,7]. Plants' enzymatic 

and non-enzymatic antioxidants provide adequate defense against ROS and free radicals produced as 

a result of the photooxidative damage caused by UVB radiation [8,9]. Seeds of Nigella sativa, garden 

cress, Ammi majus and Foeniculum vulgare were exposed to UVC radiation for varying lengths of 

time and from various distances, and their growth, internal structure, antioxidants and vitamins 

changed as a result [10–13]. A significant increase in the bioactive components of Prunella vulgaris 

was observed after exposure to drought [14], heavy metals [15] and different soil nutrient 

concentrations [16]. Salvia hispanica L. (commonly known as chia seeds) has natural antioxidants 

such as chlorogenic acid, caffeine, myricetin, quercetin and kaempferol, and is also a good source of 

vitamins and minerals. UV exposure results in more total phenolic compounds, flavonoids and 

antioxidants under opposing conditions. For these reasons, a primary goal of this research was to study 

and analyze the effects of VUA on the molecular structure, chemical composition and phenolic 

compounds of medicinal Salvia hispanica seeds. 

2. Materials and methods 

Salvia hispanica L. seeds received from the Egyptian Ministry of Agriculture were used as 

research samples. The UV radiation system consisted of one fluorescent lamp (type-A) that was 

completely covered with aluminum foil to illuminate the sample from all sides. The physical structure 

of the Salvia hispanica L. seeds were studied by using scanning electron microscopy (SEM, JEOL 

JSM-6510LV, Japan), and the molecular structure was studied by using a Nicolet™ iS™ 10 FT-IR 

spectrometer from the USA. The data were analyzed by applying the analysis of variance using SPSS 

software, and the differences among the means were determined for significance at P < 0.05 using 

Tukey’s test. 

2.1. Total phenolic and flavonoid content determination 

The total phenolic content was determined using the Florin–Ciocalteu method described by 

Attard [17]. The procedure consisted of mixing 10 μL of the sample/standard with 100 μL of Folin-

Ciocalteu reagent (diluted 1: 10) in a 96-well microplate. Then, 80 μL of 1 M Na2CO3 was added and 

incubated at room temperature (25 ℃) for 20 min in the dark. At the end of the incubation time, the 

resulting blue complex color was measured at 630 nm. The data are represented as mean ± SD. 

The total flavonoid content was determined using the aluminum chloride method described by 

Kiranmai et al. [18], with minor modifications that were carried out in the microplates. Briefly, 15 μL 

of the sample/standard was placed in a 96-well microplate; then, 175 μL of methanol was added, 

followed by 30 μL of 1.25% AlCl3. Finally, 30 μL of 0.125 M C2H3NaO2 was added and incubated 
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for 5 min. At the end of the incubation time, the resulting yellow color was measured at 420 nm. The 

data are represented as mean ± SD. 

2.2. Determination of DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging activity 

Concentrations ranging from 0.4 g / 100 g to 2 g / 100 g were prepared with methanol from each 

sample (100 μL) extract and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals (100 μL, 2 mm) were 

dissolved in methanol. The mixture was stirred and left to stand for 15 min in the dark. Then, the 

absorbance was measured at 517 nm against a blank. The percentage scavenging effect was 

calculated as (Ao – A1)/A0 × 100, where Ao is the absorbance of the control (without the seed sample) 

and A1 is the absorbance in the presence of the seed sample. 

2.3. Determination of carbohydrate, moisture and ash contents 

The carbohydrate content was calculated using the following equation: Carbohydrate 

content % = 100 – [% protein + % ash + % lipids + % fiber]. The moisture content was determined 

according to the method described by AOAC (Association of Official Agricultural Chemists) [19]. A 

known weight of air-dried seeds (2 g) was dried at 105 ℃ in an air-drying oven to obtain a constant 

weight. Then, the percentage of the moisture content was calculated. The ash content was determined 

according to AOAC, as follows. Exactly 2 g of the air-dried seeds were place in a silica crucible and 

ignited at 600 ℃ in a muffle furnace to obtain a constant weight; the percentage of ash content was 

then calculated. 

2.4. Determination of crude fiber and crude protein contents 

Crude fiber is a mixed material that is defined as the sum of the lignin and polysaccharide contents 

that cannot be digested by a diluted acid or alkali. The crude fiber content was estimated according to 

the method described by AOAC. A known weight of the air-dried seeds (2 g) was mixed with 0.5 g of 

asbestos; then, 200 mL of sulphuric acid (1.25% v/v) was added. The mixture was boiled under reflux 

for 30 minutes, followed by being subjected to filtration through a Gooch crucible. The residue was 

boiled again with an aqueous sodium hydroxide solution (200 mL, 1.25% w/v) for 30 minutes, and 

then filtration was repeated in the same manner. Finally, the residue was washed with hot water, 

followed by diethyl ether, and dried at 110 ℃ to a constant weight. The contents of the Gooch crucible 

were then ignited in the muffle furnace at 600 ℃ to a constant weight. The fiber content was calculated 

by subtracting the ash content from the weight of the digested sample. The percentage of crude fiber 

content was then calculated. 

The crude protein content was determined using the official Kjeldahl method described in 

AOAC, as follows. A known weight of the air-dried seeds (0.5 g) was digested with 8 mL of 

concentrated sulphuric acid in a Kjeldahl flask in the presence of 2.14 g of the digestion mixture [1 kg 

of potassium sulphate and 60 g of mercuric oxide (red)]. After digestion, the solution was treated 

with 10 mL of 40% sodium hydroxide solution. The liberated NH3 was received in 10 mL of 1% boric 

acid in the presence of two drops of Tachero indicator (1.25 g of methyl red + 0.32 g of methylene 

blue in 1 L of 90% ethanol). The received ammonia was titrated with 0.01 M sulphuric acid. The 
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percentage of total nitrogen was estimated and the crude protein content was calculated by using 6.25 

as a factor of protein. 

3. Results 

3.1. Phenolic compounds 

The total phenolic content in the Salvia hispanica seeds varied after being exposed to UVA 

radiation, as presented in Figure 1, which shows increases of 18.53% and 76.2% after exposure 

for 1 hour at 5-cm and 20-cm distances, respectively, but decreases of 33.5% and 22.1% after exposure 

for 4 hours at the same respective distances from the UVA source. UV promotes phenylalanine 

ammonia lyase activity which increases the production of phenolic metabolites that were used to 

protect against UV induced damage or antioxidants [20,21]. 

3.2. Flavonoids 

The flavonoid content in the Salvia hispanica seeds varied after exposure to UVA radiation, 

as shown in Figure 2, where shows increase of 23.5% and 27.3% after being exposed for 1 hour 

at 5-cm and 20-cm distances, respectively, but decreases of 18.8% and 7.5% after exposure for 4 hours 

at the same respective distances from the UV source. The change in flavonoid content in the Salvia 

hispanica seeds was due to the flavonoids acting as a protective wall against UV radiation 

damage [4,22], and this change depends on the exposure time and distance from the source. 

3.3. DPPH scavenging activity 

Figure 3 shows that the DPPH scavenging activity of the Salvia hispanica L. seeds varied after 

exposure to UVA, increasing after being exposed for 1 hour or 4 hours at 5-cm and 20-cm distances 

from the source [23,24]. 

 

Figure 1. Total phenolic content in Salvia hispanica seeds after exposure to UVA radiation. 
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Figure 2. Total flavonoids in Salvia hispanica seeds after exposure to UVA radiation. 

 

Figure 3. DPPH scavenging activity of Salvia hispanica seeds after exposure to UVA radiation. 

3.4. Molecular structure (Infrared analysis) 

IR (Infrared) spectral graphs, which were derived based on the relation between the wavenumber (X-

axis) and transmittance (Y-axis) for the Salvia hispanica after exposure to UVA radiation for 1, 2, 3, 

or 4 hours at 5-cm and 20-cm distances from the source, are shown in Figure 4. IR spectrum analysis 

of the Salvia hispanica shows that the % transmittance intensity, broadness and position at  1745,  2925 

and  3420 cm–1 varied after UVA exposure. This means that the molecular bonds {C-O 

bond  1745 cm–1, C-H bond  2925 cm–1 and O-H bond  3420 cm–1} in the Salvia hispanica were 

changed after UVA exposure because each interatomic bond vibrated with several different motions 

and individual bonds were absorbed at more than one IR frequency. 
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Figure 4. IR spectrum for Salvia hispanica seeds after exposure to UVA radiation. 
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3.5. Structure and chemical composition 

Figure 5 shows the SEM images of the Salvia hispanica seeds following UVA exposure for 1 

hour or 4 hours at 5-cm and 20-cm distances. The micrographs show a change in the Salvia hispanica 

seed structure, such as the shape, size, interconnection and orientation of the molecules. These 

structural changes and cell disruptions were due to the oxidative stress caused by the UVA radiation 

interacting with the molecules. 

 

Figure 5. SEM images of Salvia hispanica seeds after exposure to UVA radiation. 

The chemical composition results for the Salvia hispanica seeds following UVA exposure, as 

listed in Table 1, show significant changes in the carbohydrates, protein and fats, with little variation 

in the total fibers. The carbohydrate content increased after 1 hour of exposure and decreased after 4 

hours of exposure at 5- and 20-cm distances from the UVA source. The protein content increased after 

being exposed to UVA radiation for 1 hour or 4 hours at a 5-cm distance. The fat content decreased 

after exposure for 1 hour, then increased after exposure for 4 hours at 5- and 20-cm distances. 

Table 1. Chemical composition of Salvia hispanica seeds after exposure to UVA radiation 

at 5-cm and 20-cm for 1 hour or 4 hours. 

Time (h) Exposure at 5 cm 

 Carbohydrates Protein Fats Moisture Fibers Ash 

control 11.04% 15.56% 12.4% 7.18% 57.4% 3.6% 

1 22.46% 16.31% 10.3% 8.52% 46.5% 4.43% 

4 1.54% 16.44% 23.2% 8.01% 54.9% 3.92% 

Time (h) Exposure at 20 cm  

 Carbohydrates Protein Fats Moisture Fibers Ash 

control 11.04% 15.56% 12.4% 7.18% 57.4% 3.6% 

1 14.95% 11.69% 10.7% 7.05% 58.5% 4.16% 

4 9.32% 16.94% 16.1% 7.65% 53.7% 3.94% 

4. Discussions 

The effects of UVA radiation are based on the interactions with the atoms or molecules in the 

cells, particularly water, to produce free radicals, which damage different components or compounds, 

such as the hydroxyl groups, proteins or fats, and induce changes in the enzymatic and non-enzymatic 
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antioxidants. UV rays have enough energy to break, destroy or disturb the atoms and molecules in the 

cell matrices of plant seeds. The change in antioxidant enzymes was directly linked to protein synthesis. 

The irradiation of seeds with UV radiation disturbs the synthesis of proteins, enzyme activity and water 

exchange [25]. The variations in the phenolic and flavonoid contents of the seeds may be credited to 

the degradation of larger compounds into smaller ones by the UV radiation [26]. The antioxidant 

content and DPPH of the seeds varied after exposure to UV radiation because it works as a protective 

wall for the cells against the harmful effects of UV radiation. 

A significant change (P < 0.001) in the phenolic content of the Salvia hispanica seeds was 

observed after exposure to UVA radiation for different periods time and at dissimilar distances; this is 

because the UVA radiation affected the accumulation of the phenolic compounds, which are capable 

of breaking the hydroxyl bonds of the poly phenols, thereby releasing soluble phenols of low molecular 

weight. Also, a change was observed in the chemical composition, including the protein, after exposure 

to UVA radiation; this affected the phenolic content. The changes in the hydroxyl groups (O-H) which 

play important roles in carrying the proteins and in phenolic compound transfer, caused a variation in 

phenolic content. 

A significant effect (P < 0.001) was observed on the flavonoids which is the chief group of 

phenolics; the content decreased after UVA exposure. It decreased from by 6.4% to 15.96% and 

from 6.1% to 58.3% after exposure for 1 hour and 4 hours, respectively, at distances of 5 cm and 20 cm 

from the UV source. UV radiation has enough energy to break the chemical bonds that cause 

photochemical reactions, which affected the flavonoid content of the Salvia hispanica seeds. The UV 

radiation affected the biological compounds, phenolic compounds and hydroxyl bonds of the seeds 

because of their water content, and that affected the capacity of the ions to penetrate and reach the 

embryo, which had an effect on their structural phenolic compounds. 

A significant change (P  0.001) was observed in the percentage scavenging effect (i.e., the DPPH 

scavenging activity) of the Salvia hispanica seeds, which varied after UVA exposure at 5- and 20-

cm distances from the UVA source for different periods time; this is because it represented the biotic 

stress response to UV radiation, or acted as a wall to protect the biological cell from UV radiation-

induced stress. 

The chemical composition and biological contents of the Salvia hispanica seeds changed after 

exposure to UVA radiation due to penetration and subsequent reaction or collision with almost all 

structural and functional organic molecules, as well as the absorption of UVA energy that resulted in 

the cracking of or damage to the hydroxyl groups, oxygen molecules, carbons, proteins, fats, 

carbohydrates, etc. 

5. Conclusions 

The molecular structure, including the arrangement, size, orientation or interconnection of 

molecules, as well as the bonding strength of the Salvia hispanica seeds changed after being exposed to 

UVA radiation for 1, 2, 3 or 4 hours at 5-cm and 20-cm distances from the UV source. The chemical 

composition, including the proteins, carbohydrates, fats, total fiber and phenolic compounds (phenols 

and flavonoids) of the Salvia hispanica seeds were greatly affected by the exposure to UVA radiation. 

The antioxidant content, i.e., DPPH, of the Salvia hispanica seeds varied after exposure to UV 

radiation. 
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