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ABSTRACT

Plants have shown considerable significance in phytomedicine, pharmacognosy, and herbal
sciences. Chia seeds (Salvia hispanica) were sourced from Organic Nation for the examination of their
proximity, phytochemical composition (total phenolic and total flavonoid content), and antioxidant
activity via the DPPH assay. An examination utilising high-performance liquid chromatography was
conducted. The investigation indicates that chia seeds include a high fat content of 24.7%, along with a
protein content of 21.05%. The phenolic and flavonoid chemicals detected in the ethanol extract of Chia
Seeds, together with the HPLC chromatograms.The predominant phenolic and flavonoid components
identified were Kaempferol (340.20 mg/100 g), followed by Rosmarinic acid (9.00 mg/100 g) and
chlorogenic acid (1.56 mg/100 g). The primary components of chia oil are polyunsaturated fatty acids
(PUFAYS), specifically linolenic w-3 fatty acid and linoleic w-6 fatty acid. Nevertheless, the current study
suggested utilizing the bioactive compounds found in chia seed mucilage, which are rich in antioxidants,
along with omega-3 and omega-6 of fatty acids (linolenic and linoleic) to promote the healing of
scratched human cells.
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1. INTRODUCTION

The term "Chia" or "Chien," meaning
"oily" in Spanish, denotes an agricultural
plant of potential importance (Mohd et al.,
2012; Chaudhary et al., 2021). Chia is an
exceptional alternative crop for agriculture
because to its capacity to thrive in arid
circumstances. The significant nutritional
benefits  have facilitated  successful
marketing campaigns. Chia is regarded as a
nutrient-dense food, comprising substantial

* Corresponding author: Hanaa M. Hassan

amounts of protein (20%), dietary fiber
(20%), carbohydrates (25%), oil (30%),
omega-6 polyunsaturated fatty acids (17%),
omega-3 polyunsaturated fatty acids (50%),
, as well as vitamins, antioxidants, and
essential minerals including calcium,
manganese,  phosphorus, sodium and
potassium, chia is classified as a
"superfood” or "nutraceutical” due to its
health benefits (Prathyusha et al., 2019).
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Chia seeds (Salvia hispanica L) are
abundant in antioxidants, polyphenols,
flavanols, and essential fatty acids,
rendering them a significant nutritional asset
(Motyka et al., 2023). The antioxidants
present in chia seeds significantly contribute
to anti-inflammatory  processes. The
characteristics of chia seeds likely facilitate
wound regeneration and repair, so topical
chia seed oil has garnered significant
attention. Research by Jeong et al. (2010)
identifies chia seed as an effective topical
anti-pruritic treatment for dermatological
disorders. Nonetheless, the understanding of
the pharmacological properties of chia seed
IS constrained.

The primary polyphenols in Chia seeds
contain caffeic acid (1.75 mg/100 g),
catechin (15.47 mg/100 g), cinnamic acid
(15.47 mg/100 g), kaempferol (10.51
mg/100 g), p-coumaric acid (2.93 mg/100
g), resveratrol (0.98 mg/100 g), rutin
trihydrate (3.98 mg/100 @), syringic acid
(0.85 mg/100 g), quercetin (5.01 mg/100 g),
and  3,4-dihydroxybenzoic acid (2.30
mg/100 g) (Ghafoor et al., 2022). Diverse
qualities including anticoagulant, anti-
inflammatory, antioxidant, cardioprotective,
hepatoprotective, hypoglycemic,
hypolipidemic, hypotensive, and
immunostimulatory actions (Ghafoor et al.,
2022). Chia seed consists of many bioactive
macromolecules, such as oil, protein, and
gum, which have shown considerable health
advantages in both in vivo and in vitro tests
(Chen et al., 2024).

Wound healing is a multifaceted,
dynamic process comprising four stages:
hemostasis, inflammation, proliferation, and
tissue remodeling. During the hemostasis
phase, platelet aggregation acts as an initial
response to tissue damage, resulting in the
formation of a platelet plug, subsequently
strengthened by the initiation of fibrin
synthesis (Li et al., 2007). In this phase,
active platelets secrete many growth factors

and cytokines that significantly affect the
subsequent stages of wound healing (Werner
and Grose, 2003).

In the inflammatory phase,
inflammatory cells such as mast cells,
lymphocytes, monocytes, and macrophages
invade the damaged tissue. These cells
engage in the phagocytosis of bacteria,
wound debris, and foreign particles, and are
also a crucial source of mediators that
promote the proliferative phase (Koh and
DiPietro, 2011). In the proliferative phase,
various processes transpire, including
fibroblast proliferation, collagen production,
angiogenesis,  re-epithelialization,  and
wound contraction. Keratinocytes,
fibroblasts, and myofibroblasts are the
principal cells enabling skin regeneration
during this phase (Werner et al., 2007).
Ultimately, in the remodeling phase, the
wound increases its strength by organizing
scar collagen (Rohani and Parks, 2015).
Approximately  60-90% of individuals
worldwide rely on herbal medicine as their
primary form of therapy for numerous
common disorders, especially in developing
countries. There is a tendency to augment
utilization in the future due to the economic
efficiency of herbal medicine. Furthermore,
individuals  exhibit concern regarding
pharmacological drugs (WHO, 2002).

The growing importance of herbal
medicine in addressing skin disorders and
wounds has led to the documentation of
plants as treatments for wound healing or
dermatological conditions in around 34% of
all traditional medicines. In contrast, just 1-
3% of modern medications are employed for
wound or dermatological therapy (Mantle
and colleagues, 2001). In contrast,
phytochemicals, acknowledged as
advantageous compounds, can be obtained
from many plant sources. Their properties
facilitate wound healing via multiple
mechanisms, including bacterial inhibition,
free radical scavenging, and the stimulation
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of mitogenic activity, which encompasses
promoting cell proliferation, enhancing
vascular formation, activating collagen
synthesis, and facilitating DNA synthesis
(Ghosh and Gaba, 2013). Salvia hispanica
L., commonly referred to as chia seed, may
aid in mitigating inflammatory skin
conditions and enhancing wound healing.
The  pharmacological  efficacy and
advantages of chia seeds for wound healing
require confirmation (Pintapagung and
Asawapattanakul, 2020).

This study aims to assess the
proximate composition, fatty acid profile,
and antioxidant activities of chia seed
mucilage, along with its potential role in
wound healing.

MATERIALS AND METHODS
Plant material.

Chia seeds were sourced from Organic
Nation Company in Giza, Egypt. The seeds
were ground into a fine powder using an
electric grinder (Model MX 491N National).
Chemicals:

The chemicals utilized in this
investigation were acquired from SIGMA-
ALDRICH, located at 22 Abo Zar El-
Ghafary Street, intersecting El-Tayaran
Street, Nasr City, Cairo.

Proximate Analyses:

The chemical composition of chia
seeds, including proteins, lipids, ash, fiber,
and carbohydrats, was measured for
triplicate samples according to AOAC
standard techniques (1990).

Chia seed mucilage extraction:

Mucilage extraction from chia seeds
was conducted with a modified technique
derived from the methods outlined by
Munoz et al. (2012). The seeds were soaked
in distilled water at a ratio of 1:3 (weight to
volume).The mixture was thereafter agitated
continuously at 80°C for 30 minutes.
Following  extraction, filtration  was

conducted using a 250 um nylon filter, and
precipitation was executed with 100%
ethanol in a 3:1 volume ratio.

Quantitative analysis of phytochemicals:
Determination the total amounts of
phenolics and flavonoids using
colorimetric analysis:

The total phenolic content was
evaluated via  the Folin-Ciocalteu
colorimetric technique and reported as gallic
acid equivalents (mg Gallic acid/g of
extract) (Haq et al.,, 2012). The total
flavonoid content was quantified via
aluminium  chloride  colorimetry  and
reported as quercetin equivalents (mg of
quercetin/g of extract) (Chang et al., 2002).
Assessment of antioxidant capacity
utilizing DPPH methodology:

The antioxidant properties of Chia
seed extract were evaluated by quantifying
free radical scavenging activity through the
staining of a solvent with the free radical 1,1
diphenyl-2-picrylhydrazyl ~ (DPPH), as
outlined by Brand-Williams et al. (1995):
Two millilitres of chia seed extract at
different concentrations (1-64 pg/ml) and a
methanol solution as a control were
combined with 2 millilitres of DPPH
solution (25 mg/L) in methanol. The
reaction mixture was agitated vigorously
and incubated in darkness for 30 minutes.
The absorbance of the combination was
measured at 517 nm using a T80 UV/Vis
spectrophotometer, using pure methanol as
the blank reference. The ratio of radical
scavenging activity was evaluated using the
following approaches.

Formula: Radical scavenging (%) = [(Ao—
Al) / Ag] x 100, where AO indicates the
absorbance of the control and Al signifies
the absorbance of the sample extracts. The
50% inhibitory concentration (ICso) denotes
the concentration required to neutralize 50%
of DPPH free radicals.
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Fatty acid
chromatography:
The used of gas chromatography (GC)
analysis after the esterification. 0.5 g oil was
transferred into 10 mL-capacity glass tube.
Five millilitres n-heptane was added into the
tube. 200 pL 2 M potassium hydroxide
solution in methanol was added to this
mixture. After mixing for 20 s, upper phase
was separated and analysed by GC (TFCC
2010). The GC was equipped with a

analysis

by gas

capillary column (Fused silica, 100
m x 0.25 mm x 0.2 um) and a FID
detector (Agilent 7890A, Agilent

Technologies, USA). The GC conditions
used to determine fatty acid methyl ester
(FAME) were as follows (TFCC 2010);
injection  volume:  1upL; temperature
programme: 175 °C for 10 min, 5 °C min—1
to 210 °C, 5 °C min—-1 to 230 °C; final
temperature 230 °C for 15 min; detector
temperature: 260 °C; injector temperature:
250 °C; gas carrier flow: N2, 1 mL min—L;
split:  1:20; total run time: 58.5 min
according to Akkaya (2018).

Techniques of High-Performance Liquid
Chromatography:

An analysis utilizing High-Performance
Liquid Chromatography (HPLC) was
performed with an Agilent 1260 series
apparatus. The separation employed a
Zorbax Eclipse Plus C8 column (4.6 mm x
250 mm i.d., 5 um). The mobile phase
consisted of water (A) and 0.05%
trifluoroacetic acid in acetonitrile (B) at a
flow rate of 0.9 ml/min. The mobile phase
was systematically arranged in a linear
gradient as outlined below: 0 min (82% A);
0-1 min (82% A); 1-11 min (75% A); 11-18
min (60% A); 18-22 min (82% A); 22-24
min  (82% A). The multi-wavelength
detector was evaluated at 280 nm. The
injection volume for each sample solution
was 5 microliters. The column temperature
was maintained at 40 °C, as documented by
Biswas (2013).

Cytotoxicity evaluation and Wound
healing assay:

Determination of cytotoxicity on HFB4
cells by using (MTT protocol) according to
Ganot et al. (2013).

Protocol for Wound Healing Assay

Cells were inoculated in six multi-well
plates and cultured until confluence was
attained. All cultures must converge at the
onset of the experiment. A yellow pipette
tip was utilized to make a linear incision,
mimicking a wound. We generally generate
a scratch by angling the pipette tip at
roughly 30 degrees to limit the diameter of
the scratch. This enables the visualization of
both wound edges with the 10x objective.
Determinations encompass the following
items :

Migration Rate (RM) = (wi — wf) / length
Where: wi represents the average initial
wound width in micrometers, Wf denotes
the average final wound width in
micrometers, and T signifies the assay
length in hours.

Wound closure percentage (%) = ((At=0 —
At=At) / At=0) x 100, where At=0 indicates
the initial wound area and At=At signifies
the wound area after n hours .

Percentage change inarea= (A_i-A_f)
Geographical Position Ai = Initial wound
area; Af = Final wound area.

Statistical evaluation:

The averages and standard deviations
of three parallel measurements made up the
experimental data. The analysis of variance
was carried out using ANOVA methods.
GraphPad Software, San Diego, California,
USA, developed GraphPad Prism to
calculate statistics at P< 0.05 (Motulsky,
1999).
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RESULT AND DISCUSSION
Proximate analysis of Chia seeds:

The proximate analysis of chia seeds
entails  assessing  their  fundamental
nutritional constituents, which generally
comprise moisture, ash, proteins, fats, carbs,
and dietary fiber. Chia seeds (Salvia
hispanica) are esteemed for their substantial
nutritional worth and health advantages,
rendering them a favored alimentary source.

Table (1) presents the average values for the
chemical composition of chia seeds (% of
dry weight). The analysis of chia seed
composition revealed elevated levels of fat
(24.7%) and protein (21.05%), along with
ash  (2.7%), fiber  (10.04%), and
carbohydrates by difference (41.51%).
However, the average protein and fat content
may vary among different chia seed species
based on growth location and environmental
conditions.

Table 1. Proximate analysis of chia seeds (% of dry weight)

Nutrients (100 g seed dry weight) chia seeds (%)
Ash 2.70 £0.10
Fiber 10.04 + 1.7
Protein 21.05 +£0.47
Fat 24.70 £0.50
carbohydrate 41.51 +0.60

Each value is presented as the mean + standard deviation (n = 3 compositions).

The findings align with those of Suri et
al. (2016), which indicated that chia seeds
contain a protein concentration ranging from
15% to 23%. Coelho and Salas-Mellado
(2014), Mufoz-Gonzalez et al. (2019), and
Porras-Loaiza et al. (2014) have established
that Chia seeds comprise protein (15-25%),
fat (15-35%), and ash (4-6%). Chia seeds
contain 91 - 93 g of dry matter and 32 - 39 g
of oil per 100 g. Chia seeds comprise 4 - 6
9/100g of ash, 22 - 24 ¢/100g of protein, 18
- 30 g/100g of dietary fiber, and 26 - 41
9/100g of carbohydrates (Guiotto et al.,
2011).

Evaluation of Total Phenolic
Flavonoid Concentrations, as well
Antioxidant Activity of Chia Seeds :

Table 2 presents the total phenolic
content of chia seed mucilage extract,
quantified as Gallic acid equivalent, at 20.03

and
as

mg/g. Plant phenolics exhibit many
biological properties, including antioxidant
and anti-inflammatory, anticancer, immune-
modulating, cardioprotective, and
antibacterial effects (Durazzo et al., 2019).
Conversely, Table 2 displayed the overall
flavonoid concentration in chia seed
mucilage extracts, measured as quercetin
equivalents, amounting to 18.15 mg/g.
Simultaneously, the antioxidant efficacy of
chia seed mucilage extract was assessed
utilizing the DPPH method, a stable organic
free radical distinguished by its absorption
maximum band between 515-528 nm
(Stankovi, 2011), often utilized for assessing
the antioxidant capacity of various
compounds. The results demonstrate that the
IC50 of chia seed extract was 54.3ug/ml
(Table 2).
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Table (2): Total phenolic compounds , Total flavonoids and DPPH IC 5, of extracts

Constituent Total phenolics (mg gallic Total flavonoids (mg DPPH ICs
acid/g)? quercetin /g)° (ng/ml)*
Chia seed extract 20.03+0.46 18.15+0.26 54.3

a: mg GAE per gram of desiccated leaf extract; b: mg QE per gram of desiccated leaf extract. All
values are shown as the mean + standard deviation (SD).
*The 1C50 values indicate the quantity of extract necessary to neutralize 50% of the radicals in

the reaction mixture.

Kumi et al. (2022) established that the total
phenolic content of chia seeds ranged from
0.73 to 0.87 mg GAE g—1, while the total
flavonoid content varied from 0.39 to 0.57
mg GAE g.

-HPLC examination of phenolic and
flavonoid constituents in Chia seeds:

Table 3 outlines the phenolic and
flavonoid components identified in the
ethanol extract of Chia Seeds, along with the
HPLC chromatograms for these substances.
The retention periods of the chromatogram
peaks were compared with the existing
standards, leading to the identification of a
restricted number of components (seven).
The ethanol extract of Chia Seeds had the
highest concentrations of phenolic and
flavonoid constituents, with Kaempferol
measured at 340.20 mg/100 g, followed by
Rosmarinic acid at 9.00 mg/100 g, and
chlorogenic acid at 156 mg/100 g.
Kaempferol (3,5,7-trihydroxy-2-(4
hydroxyphenyl)-4H-chromen-4-one) is a
naturally occurring flavonol noted for its
various metabolic effects. Cid-Ortega and
Monroy-Rivera (2018). Polyphenols possess
antioxidant qualities and have been

investigated for their possible health
benefits; Rosmarinic acid is a significant
constituent of this category, offering many
health advantages (Wren and Potter, 1988;
Luo et al., 2020). Chlorogenic acid (CGA) is
a polyphenolic chemical present in
substantial quantities in several plant
sources, particularly green coffee beans.
CGA, acknowledged as a bioactive natural
chemical, demonstrates many therapeutic
actions targeting multiple clinical issues,
especially those related to chronic metabolic
diseases and age-associated disorders
(Nguyen et al., 2024). Reyes-Gaudilio et al.
(2008) shown that chia seeds are a
significant ~ source  of  antioxidants,
containing a diverse array of antioxidant
chemicals. Many studies have revealed
differing  concentrations of  phenolic
chemicals in chia seeds, likely due to
variations in analytical and extraction
methodologies, temperature, and processing
procedures (Ferarsa et al. 2018). Therefore,
it is essential to implement precautions to
prevent the degradation of bioactive
components during the thermal processing
of chia seeds (Zia-Ud Din et al., 2021).
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Table 3. HPLC analysis of phenolic and flavonoid compounds of Chia seeds:

Biological activity

Antioxidant properties, hepatic and renal
protection, antibacterial effects, antitumor
activity, control of glucose and lipid metabolism,
anti-inflammatory effects, neuroprotection, and
vascular action (Wang et al., 2022)

Anti-inflammatory and anticancer properties
against specific leukemia cell lines (Khan et al.,
2017)

Utilized for the production of antioxidants, hair
dyes, and food additives (Huang et al., 2014,
Suresh et al., 2012).

Possesses multiple applications in food,
beverages, medicines, fragrances, and cosmetics
(Olatunde et al., 2022).

Antiviral,  antibacterial,  anti-inflammatory,
antitumor, antioxidant, and antiangiogenic
properties (ljaz et al., 2023)

Pharmacological  applications  for  several
illnesses, including oxidative stress, cancer,
obesity, cardiovascular problems,
neuroprotection, diabetes, ovariectomy, anxiety,
and inflammation (Singh et al., 2023).

Chia seeds RT (Area) (Eg/rrlr?i)
Chlorogenic 11.97 1.56
acid
Coffeic acid 10.98 0.85
Pyro catechol 2.52 0.36
Vanillin 8.69 0.32
Rosmarinic 84.08 9.00
acid
Daidzein 3.95 0.22
Kaempferol 5511.74 340.20

Reducing the risk of chronic diseases such as
cancer, liver damage, obesity, and diabetes
(Imran et al., 2019; Wong et al., 2019).
Furthermore, it exhibits anti-inflammatory
properties and has been employed in the
treatment of several acute and chronic
inflammation-related  conditions, such as
intervertebral disc degeneration, colitis, post-
menopausal bone loss, and acute lung injury
(Ren et al., 2019).

Fatty Acid analysis of chia seed

Chia seeds comprise 24.70% fat.
The fatty acid content of chia oil seeds has
been studied via GC-MS, indicating the
presence of roughly 13 fatty acids. Table (4)
reveals that the principal components of chia
oil are polyunsaturated fatty acids (PUFAS),

namely linolenic w-3 fatty acid and linoleic
w-6 fatty acid. These components comprise
up to 58.67% of w-3 fatty acids and 20.44%
of w-6 fatty acids, yielding a ratio of w-3 to
w-6 fatty acids of 2.87:1.00. The results
align with the findings reported by Luz et al.
(2012). Conversely, the results indicated that
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Chia seeds comprised Myristic acid also known as omega 9, is the predominant
(0.05%), Palmitic acid (7.98%), and Stearic monounsaturated fatty acid, comprising
acid (4.16%) as the predominant saturated approximately 8.15% of chia seed oil.

fatty acids (Melo et al, 2019). Oleic acid,

Table 4. Gas chromatography analysis of fatty acids in Chia seeds

Peak RT Fatty Acids Area Sum %
1 21.074 Myristic acid 0.05
2 23.932 Pentadecanoic acid 0.03
3 26.761 Palmitic acid 7.98
4 27.907 Palmitoleic acid 0.06
5 29.457 Margaric acid 0.05
6 32.285 Stearic acid 4.16
7 33.032 Oleic acid 8.15
8 34.827 Linoleic acid 20.44
9 37.1 Linolenic acid 58.67
10 37.922 cis-11-Eicosenoic acid 0.16
11 41.971 Behenic acid 0.1
12 44.26 cis-13,16-Docosadienoic acid 0.03
13 46.488 Lignoceric acid 0.12

RT : Retention Time

Cytotoxicity evaluation and Wound
healing assay:

Chia seed extract was reported as mean +
standard deviation for three measurements,
as illustrated in Table 5.
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Table 5 : Cytotoxicity evaluation using different concentrations 0.625, 1.25, 2.5, 5, 10, 20
ng/ml, of extracts of Chia seed extract against HFBA4.

D Conc. oD Mean +SE Viability % Toxicity % 1Csp
pg/ml 0.D +SD
HFB4 | - 0.726 | 0.729 | 0.732 | 0.729 0.001732 | 100 0 HFB4
20 0.024 | 0.027 | 0.024 | 0.025 0.001 3.429355281 | 96.57064472
10 0.063 | 0.077 | 0.058 | 0.066 0.005686 | 9.053497942 | 90.94650206
_ 5 0.217 | 0.222 | 0.219 | 0.219333 | 0.001453 | 30.086877 69.913123 162.52 + 1.08
Chia seeds 25 0.465 | 0.447 | 0.455 | 0.455667 | 0.005207 | 62.50571559 | 37.49428441
1.25 |0.726 | 0.728 | 0.73 | 0.728 0.001155 | 99.86282579 | 0.137174211
0.625 | 0.728 | 0.725 | 0.733 | 0.728667 | 0.002333 | 99.95427526 | 0.045724737

O.D referred to optical density, SE referred to standard error, 1Cs, referred to Half maximal inhibitory
concentration and calculated mathematically.

Figure 1: Displays the control HFB4 cells devoid of any influence from Chia seed extract,
observed under an inverted microscope with the following specifications:
objective lens (10X).
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The control HFB4 cells, which were
observed under an inverted microscope
using a 10X objective lens (Fig.1.). This
figure serves as a baseline for comparison
against HFB4 cells treated with Chia seed
extract. The control HFB4 cells appear
healthy, exhibiting normal morphology
characteristic of this cell line. This includes

consistent cell shape and size, which is
important for establishing a reliable
baseline. This figure sets a foundation for
comparing treated cells in subsequent
figures. Observations of any significant
deviations in treated samples will be crucial
for assessing the effects of Chia seed extract.

O.625ug/m|

Figure 2: Demonstrates the impact of Chia seed extract on HFB4 cells at varying doses.

Wound healing Assay: scratch wound
healing assay

The human skin is consistently exposed
to both extrinsic and intrinsic natural factors,
such as environmental pollution,
photoaging, and chronological aging, which
lead to skin degradation. The main changes
associated with skin degeneration in
appearance  include  coarse  texture,
blemishes, wrinkles, and a notable loss of
elasticity. The cosmetic industry has shown

a keen interest in innovative formulations of
skin cosmetics that incorporate bioactive
chemicals offering both preventative and
therapeutic benefits (Lorecini et al., 2014;
Ramos-e-Silva, 2013). The skin can
experience abrasion or injury and may be
treated with chemicals or cosmetics for
protection.

The present study supports the use of
bioactive compounds derived from chia seed
mucilage, known for their high antioxidant
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content and omega-3 and omega 6 fatty
acids (linolenic and linoleic), to enhance the
healing process of scratched human cells
and reduce oxidative stress in damaged
cells. The data presented in Table 6 and
illustrated in Figure 3 demonstrate that the

control group to 12.43036 pm).The
treatment resulted in a reduction of the
wound area or percentage of wound closure,
decreasing from 69.00617 um2 in the control
group to 63.8183 pum2. Additionally, the area
difference percentage was reduced from

use of chia seed mucilage on the damaged 489973.7% in the control group to
cells reduced the time needed to decrease 453137.6%.
wound width (from 13.44391 pm in the
Table (6): Wounding area at different time intervals ( hour) .
At zero hour Compounds Wound Area
Item RM um closure % .

width area width Area um? difference
Control wounded cells | 935.0193 | 710043.3 | 289.7118 | 220069.6 | 13.44391 | 69.00617 489973.7
Heal WCO:i';dSZ‘:;e"S of | 9350193 | 7100433 | 338362 | 2569057 | 12.43036 | 63.8183 453137.6

Wounding area at different time intervals (control)

Ato h. - .

Wounding area at different time intervals (sample 2 at 1.83 ug)

Ato h- o .

Figure (3) Wounding area at different time intervals (Control and heal wounded of Chia

seed extract: sample 2).
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CONCLUSION

The current findings indicate that chia seeds
contain substantial amounts of fibre, lipids
(including omega-3 and omega-6 fatty
acids), and protein, while their mucilage
extracts demonstrate notable antioxidant
capabilities. The high levels of bioactive
phenolic compounds, flavonoids, and
antioxidant activity, along with the bioactive
components of chia seed mucilage, which is
abundant in antioxidants and omega-3 and
omega-6 fatty acids (linolenic and linoleic
acids), promote the repair of damaged
human cells.
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