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ABSTRACT

Chia (Salvia hispanica L.) is grown mainly for its seeds. It belongs to
the mint family- Lamiaceae. The species S. hispanica yields several
dry indehiscent fruits referred to as seeds which are highly nutritious.
In recent years, chia seeds have grown tremendously due to their high
nutritive and medicinal values. Today it is one of the most important
“superfood”. Chia has been introduced to India in the year 2015 by
Central Food Technological Research Institute (CFTRI) Mysore from
Central America and were initially grown by farmers in few areas
near Mysore. Presently the cultivation has spread to other areas of
Karnataka and also to the neighbouring states. Chia is a new crop, but
the economic value of chia seed in the national and international
market is very high. Successful cultivation of chia crops in India will
increase economic enhancement, improve living standard and health.
Chia is becoming very popular as a superfood all around the world
with a dramatic increase in cultivation and consumption to fulfill
high demand in the International and Indian market, therefore can be
cultivated as a profitable commercial crop in India. Cultivating chia
is only one of many experiments, to make agriculture, food and
nutritional security drought-proof.
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Chia is a herbaceous plant, identified from southern
Mexico and North Guatemala [1]. The plant produces
purple and white flowers which are three or four
millimeters tiny and hermaphrodite in nature. The
species S. hispanica yields several dry indehiscent
fruits referred to as seeds which are edible, were used
with beans, Amaranth or corn as essential foods in the
pre- Columbian period. These seeds are oval-shaped
and have a diameter of two millimeters. There are two
types of seeds viz. black with some mottling and
white seeds. The white type is priced at a premium as
it blends well with Indian food products. CFTRI has
developed chia- blended products such as ice creams,
chocolates and jams, which are being commercialized
by various companies [7]. The seeds absorb liquid
when soaked and develop a mucilaginous coating that
provides a distinctive gel texture to chia- based foods.

Because of this property, chia seeds cannot be
conventionally washed and cleaned, therefore
minimal to no pesticide usage is recommended. In a
post-covid world, there is a need for immunity
boosting and nutritious foods with little or no
chemical residues, as chia have.

Chia plants can grow in a wide range of well drained
clay and sandy soils with reasonable salt and acid
tolerance. Commercial field production for chia seeds
has been estimated at 550—600 kg/ha and it is widely
cultivated in Mexico, America, Canada, Chile,
Australia, New Zealand and Southeast Asia for
different purposes [3], [4]. Yield differs with cultivars
and growing conditions [5]. Under appropriate
agronomic conditions the yield of 2500 kg/acre has
also been reported [11].
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With the increased global public health awareness, there ultimatum calls for functional foodstuff with positive
health impacts. The utilization of therapeutic foodstuff to avert illnesses like obesity, diabetes and heart disease
is obtaining motion among people. Chia seeds were used as dietary and medicinal herbs in the ancient period by
Aztec and Mayan communities. Chia seed is receiving scientific attention in the present time and has been
recognized as a novel food. It is a customary food in Southern and Central America. It contains large amounts of
phytochemicals and proteins, making it more important worldwide for its numerous health benefits to sustain
healthy serum fat levels. These seeds contain polyunsaturated omega-3 and omega-6 fatty acids with anti-
inflammatory effects, promote cognitive performance, lower cholesterol levels and hypertension. Caffeic acid
found in the seeds has antioxidant compounds which protect the body from free radicals and contain anti-ageing
properties. Fibre present in high concentrations which is connected with lowering inflammation and controlling
bowel movement, reflecting usefulness in IBS (Irritable bowel syndrome). Nevertheless, the efficacy and safety
of natural food require validation by numerous scientific research and studies. Nowadays, most of the chia
species are utilized worldwide for their nutritional characteristics and beneficial impacts on human health [8]. A
recent report published in The Hindu Business Line on 02/11/2021 infers that India became food secure after
considerable planning and efforts, maintaining and improving it further by adding nutrition security is absolutely
necessary. With large parts of India under rain-fed farming, it is imperative to focus on it to ensure betterment of
the agricultural sector in India. The great challenge for the coming decades will be the task of increasing food
production with less water availability, particularly in arid and semi- arid regions (FAO, 2003).
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Rain-fed areas produce nearly 90% of millets, 80% of
oilseeds and pulses, 60% of cotton which support
nearly 40% of our population and 60% of our
livestock. These facts present an existing
vulnerability to ensuing climate change. The only
option we have is being prepared, adapting and
mitigating climate change. Rain-fed areas are
ecologically fragile and hence vulnerable to climate
change, largely inhabited by poorer farmers. But at
the same time, rain-fed areas provide nutritional
security through millets, pulses and oilseeds.
Productivity of most of the rain-fed crops is meagre
as compared to their irrigated cousins and hence traits
of resilience and improved productivity are screened
for rain-fed crop improvement programmes. Major
challenges of rain-fed agriculture are frequent
droughts and famines, soil degradation, low
investment capacity and poor market linkages. There
is generally enough rainfall to double and even
quadruple yields in rain-fed farming systems even in
water-constrained regions, which when available at
the wrong time cause dry spells and most of the water
is lost. To improve production of the crop and rural
livelihoods in rain-fed areas, rainfall-related risks
need to be reduced, which means the investment in
water management is an entry point to unlock the
potential in rain-fed agriculture. It is very important
to introduce suitable genotypes for Indian farmers
which can give good returns even if the rainfall is
inadequate or nil. Chia is a crop with potential use as
human food [9], have tolerance to grow in arid
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environments, therefore preferred to be used as a
suitable crop as an alternative to the main crop
industry [10].

Uses of Chia as a superfood [27]:

1. Energy Enhancement: The word “Chia” comes
from the Mayan language which means
"strength". Chia seeds are a balanced blend of
protein, carbohydrates, fats and fibre. It is said
that 1 tablespoon of Chia can sustain a person for
24 hours. Consuming Chia seeds can enhance
exercise performance for workouts by providing
more energy.

2. Heart Health: Chia seeds have ability to reverse
inflammation, regulate cholesterol and lower
blood pressure which makes it extremely
beneficial to consume for heart health.

3. Anti-Aging: Antioxidants in Chia seeds have
been shown to stop up to 70% of free radical
activity, as well as speed up the skin’s repair
systems to prevent premature skin aging.

4. Diabetes Prevention: Numerous studies have
shown that Chia seeds completely prevent the
onset of dyslipidemia and insulin resistance,
which are two factors that play an important role
in causing diabetes.

5. Digestive Health, Detoxification and Elimination:
Chia’s high fibre content helps promote bowel
regularity. It also creates a gelatin-like substance
in the stomach which works as a prebiotic support
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in the growth of probiotics in our digestive
system. This might be a remedial option for IBS.
Similar to Psyllium, the swelling action of Chia in
the body helps to cleanse and soothe the colon
and absorb toxins, while lubricating and
strengthening peristaltic action.

6. Weight Loss: Chia curbs hunger and suppresses
appetite, which can also lead to weight loss. The
rich fibre content in Chia absorbs water and gives
a satiating feeling.

7. Anti-inflammatory Properties: A number of
arthritis sufferers have reported reduced pain and
inflammation after a few weeks of taking Chia
seeds. The high concentration of omega-3 helps to
lubricate joints and keep them supple.
Additionally, Omega-3s are converted into
prostaglandins which are known to have both pain
relieving and anti- inflammatory effects.

8. Antioxidants: Chia seeds are an excellent source
of antioxidants containing even more antioxidants
than fresh blueberries which keep the oils from
going rancid — contributing to a long shelf life.

9. Brain Power: Eicosapentaenoic Acid (EPAs) and
Docosahexaenoic Acid (DHAs) are known to
make cell membranes more flexible, thus making
nutrients more readily available and efficient
nerve transmission. This helps to improve brain
function including memory and concentration.

10. Control blood sugar: The unique combination of
soluble and insoluble fiber helps to slow down the
rate at which complex carbohydrates are digested
and then assimilated into the body. The soluble
fiber helps to stabilize blood glucose levels
resulting in steady, sustained energy etc.
Preliminary research shows that chia seeds could
help people to control their blood sugar levels and
protect their hearts.

11. High Quality Protein: Chia seeds contain about
20% protein which is higher than that found in
many other grains such as wheat and rice. Chia
seeds contain strontium, a trace mineral which
helps to assimilate protein and produce high
energy.

12. Protect against cancer: Though few studies have
been done, early research done with animals has
suggested that Chia may have a protective benefit
against cancer. Research from Argentina showed
that Chia seeds inhibited growth and metastasis of
tumors in rats.

BRIEF REVIEW OF LITERATURE
Although the leaves of chia plants have potential
commercial interest because of their composition, the

seeds are the attractive part, fundamentally for the
protein, fiber, antioxidants and oil contents [26]. The
cultivation cost is around 15,000/ acre, which is
similar to other traditional cereal crops like finger
millet and maize. In S. hispanica, several changes in
qualitative characteristics, including seed coat color
and stem pigmentation have evolved as a result of
cultivation and domestication. A single recessive
gene, designated as 'ssc' is known to control the
characteristic white color of the seed coat. A single
dominant gene known as 'SSP', is responsible for
controlling the striated stem pigmentation [16].

Chia seed is composed of high dietary fiber (18 - 30
%), ash (4 - 5 %), protein (15 - 25 %), fats (30 - 33
%), lipids (31 - 35 %), carbohydrates (26 - 41 %),
minerals, vitamins and also contains a high amount of
antioxidants [2] [6], higher concentration of essential
fatty acids i.e., PUFAs (Polyunsaturated Fatty Acids)
of omega-3 (58 - 64 % of the total lipids) and omega-
6 [13]. This fatty acid is found to be very good for
overall healthcare. These characteristics are helping
to rapidly increase its production worldwide. The
ALA (alpha linolenic fatty acid) in Chia seed is the
only known essential PUFA omega-3 that the body
can't produce on its own [14].

Chiais an attractive crop as it is growing well in India
since its introduction. The mucilage present inside the
epidermal cells of a mature chia seed when come into
contact with water, it immediately expands, rupturing
the primary cell layer that protrudes from epidermal
cells and surrounds the seed. This increases its size
and imparts a characteristic gel appearance to chia
[15].

Rainfall conditions are highly variable for different
cultivars, ranging from 300 to 1,000 mm during the
growing season, optimal is a well distributed rainfall
during early growth and development, dry conditions
during seed maturation and harvesting [16]. At the
genetic level, moisture stress has been considered to
be a quantitative trait which influences maximal plant
yield and productivity in Sorghum and Maize [17].
Changes in water balance and available soil water are
crucial to crop yields as water directly affects plant
physiology and responses [18], [19].

In the food industry, chia seed has been used in
various forms such as whole, oil, ground or gel [20],
[21]. About 48% of the daily allowance of chia seed
intake is recommended according to the United States
dietary guideline 2018. Chia seeds are added as
supplements into food products such as pasta, cereals,
snacks, biscuits or cakes. Seeds of chia can be used as
substitutes of fats and eggs due to their hydrophilic
characteristics [21], [22]. Chia absorbs about twelve
times more water of their weight when soaked. Chia
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gels can be utilized as a replacement for eggs or oils
in baked items [23]. Butter can be fortified with Chia
to increase the nutritional value [20].

According to a report published in Asia Pacific chia
seeds market- Growth, Trends, Covid-19 Impact and
Forecasts (2021 - 2026), Mordor Intelligence- "The
increased awareness about functional food has created
more demand for the chia seeds in the market
globally. Short lifecycle (90-105 days), lower
cultivation cost, crop largely untouched by pests,
diseases, animals and high returns are the primary
reasons for its acceptance among farmers."

CONCLUSION

Natural Products, especially plant products have been
used for the treatment of various diseases for
thousands of years. Terrestrial plants used as
medicines in Egypt, China, India and Greece from
ancient times and an impressive number of modern
drugs have been developed from them. According to
the World Health Organization, 80% of the people
living in rural areas depend on herbal medicines as
their primary healthcare system mainly because
synthetic drugs have many side effects that often lead
to serious complications [24], [25]. Pharmaceutical
research in technologically advanced countries like
the USA, Germany, France, Japan and China has
considerably improved the quality of the herbal
medicines which are now-a-days used in the
treatment of various ailments.

In 2020-21, Indian imports were valued at $388.92
billion, an 18 percent drop from 2019-20, when the
country imported goods and services worth $474.71
billion. In the last financial year, Indian exports stood
at $290.18 billion, down 7.4 percent from $313.36
billion in 2019-20. In India’s foreign trade, imports
have always outpaced exports, a fact illustrated by
these figures from the past two years. Widespread
economic disruptions caused by Covid-19 in 2020 did
not change this reality.

Chia Seeds Market: Share of Super Food and Drink

19% Launches (%), Global, 2017

9%

The Indian government’s flagship Atmanirbhar
Bharat Abhiyan (Self-Reliant India Mission) strives
to significantly improve domestic manufacturing and
thereby reduce import dependence. Currently (as per
data in year 2017) India shares 5% of the global chia
seed market of superfood and drink launches; the
largest i.e. 19% shared by US. Successful cultivation
of chia and production of relevant health/ food/
beauty products using chia on a large scale in India,
can reduce chia imports from other countries. There
will be no requirement for importing these seeds and
paying huge amounts just in order to be healthy. India
can also be a key player in chia exports if we
overcome certain environmental constraints and work
on the yield and seed quality of the genotypes being
grown here.

In 2018, chia seed consumption in Germany was
5,551 tons, or $18.4 million. Demand will continue to
grow due to a population with about 10% vegans.
Chia seeds are significant for the future of the
agricultural industry, in terms of providing a vitamin-
rich source of vegan protein. Increasing consumer
awareness about the importance of omega-3 fatty
acids in the Asia Pacific region is increasing the
demand for chia seeds. Furthermore, chia seeds are
gaining popularity among vegetarians in the Asia
Pacific region, as it is very difficult to find omega-3
fatty acids in plant-based diets. Its high protein
content helps in muscle recovery after physical
exertion. Hence, the preference for chia seeds among
vegetarians and vegans has increased significantly.
According to the future market Insight (FMI),
demand 1is the strongest in the food and beverage
sector for chia seeds. It is expected to reach 76,074.3
MT by the end of 2027. In conclusion, the chia seed
market is growing really fast, it is an accessible and
profitable sector due to the high demand as this
superfood represents an important opportunity for the
import-export of chia seeds on an international scale.

Cultivating chia is only one of many experiments, to
make agriculture, food and nutritional security
drought-proof. Agricultural scientists have estimated
that millet production fell 65 percent since the 1970s
and say that a return to the low or no irrigation crops
is the need of the hour. Due to their health properties,
Chia seeds are very popular in India. The superfood
market is still underrated in India but there is going to
be sharp growth due to the growing awareness about
healthy food and new trends of switching to veganism
and vegetarianism. Indian farmers can make farming
a profitable business through superfoods cultivation
as most of them need low inputs, less water and
withstand harsh weather conditions.

@ IJTSRD | Unique Paper ID — IJTSRD50638 | Volume -6 | Issue—5 | July-August 2022

Page 1269



REFERENCES

(1]

(2]

(3]

[4]

(5]

(6]

[7]

[8]

[9]

[10]

Ayerza, R., & Coates, W. (2005). Chia:
Rediscovering a Forgotten Crop of the Aztecs.
University of Arizona Press. books.google.com

Ixtaina VanesaY, Nolasco Susana M, Tomas
Mabel C (2008). Physical properties of chia
(Salvia hispanica L.) seeds Industrial Crops and
products. Volume 28, Issue 3, Pages 286-293,
ISSN 0926-6690.
https://doi.org/10.1016/j.indcrop.2008.03.009

Jamboonsri W., Phillips T. D., Geneve R. L.
(2012). Extending the range of an ancient crop,
Salvia hispanica L. - a new ®3 source. Genet
Resour  Crop Evol 59, 171-178
https://doi.org/10.1007/s10722-011-9673-x

Ullah R., Nadeem M., Khalique A. (2016).
Nutritional and therapeutic perspectives of Chia
(Salvia hispanica L.): a review. J Food Sci
Technol 53, 1750-1758.
https://doi.org/10.1007/s13197-015-1967-0

Capitani M 1, Spotorno V, Nolasco S M &
Tomas M C. (2012). Physicochemical and
functional characterization of by-products from
chia (Salvia hispanica L.) seeds of Argentina.
LWT - Food Science and Technology; 45, 94—
102

Ixtaina V'Y, Martinez M L, Viviana Spotorno,
Carmen M. Mateo, Damian M. Maestri, Bernd
W. K. Diehl, Susana M. Nolasco, Mabel C.
Tomads, (2011). Characterization of chia seed
oils obtained by pressing and solvent
extraction, Journal of Food Composition and
Analysis, Volume 24, Issue 2, Pages 166-174,
ISSN 0889-1575, https://doi.org/10.1016/j.jfca.
2010.08.006.

Annual report (2015-16), CSIR - Central Food
Technological Research Institute, Mysore,
Karnataka.

NyingiJ. W., & Mburu M. (2021). Chia (Salvia
hispanica L.) Seeds Phytochemicals, Bioactive
Compounds, and Applications: A Review.
European Journal of Agriculture and Food
Sciences, 3(6), 1-12.
https://doi.org/10.24018/ejfood.2021.3.6.381

Coorey Ranil & Grant Alexandra & Jayasena
Vijay. (2012). Effects of Chia Flour
Incorporation on the Nutritive Quality and
Consumer Acceptance of Chips. Journal of
Food Research. 1.10.5539/jfr.vin4p85.

Peiretti Pier Giorgio & Gai Francesco. (2009).
Fatty acid and nutritive quality of chia (Salvia

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470

hispanica L.) seeds and plant during growth.
Animal Feed Science and Technology - 148.
267-275. 10.1016/j.anifeedsci.2008.04.006.

Cahill J. P. (2003). Ethnobotany of chia, Salvia
hispanica L. (Lamiaceae). Econ Bot 57, 604—
618 https://doi.org/10.1663/0013-
0001(2003)057[0604:EOCSH]2.0.CO; 2

Cahill J & Provance Mitchell. (2002). Genetics
of Qualitative Traits in Domesticated Chia
(Salvia hispanica L.). The Journal of heredity.
93. 52-5.10.1093/jhered/93.1.52.

Valdivia-Lépez MA, Tecante A. (2015). Chia
(Salvia hispanica L.): A Review of Native
Mexican Seed and its Nutritional and
Functional Properties. Adv Food Nutr Res. 75.
doi: 10.1016/bs.afnr.2015.06.002.

Police Patil AS, Ambrish G, Reddy SB and
Reddy BS (2020). Importance of Chia (Salvia
hispanica L.) Cultivation in Indian Agriculture.
Vigyan Varta vol 1 (6).

Muiioz Loreto & Cobos Albert & Diaz Olga &
Aguilera, J. (2012). Chia seeds: Microstructure,
mucilage extraction and hydration. Journal of
Food Engineering. 108. 216-224.
10.1016/j.jfoodeng.2011.06.037.

Challinor Andrew & Wheeler T. R. & Craufurd
Peter & Slingo J. M. (2005). Simulation of the
impact of high temperature stress on annual
crop vyields. Agricultural and Forest
Meteorology. 135. 180-189. 10. 1016/.
agrformet. 2005. 11. 015.

Groene G. A. (2006). Evaluating sorghum and
maize germplasm for post-anthesis drought
tolerance. In: Master of Science thesis
submitted to B. S., Kansas State University.

Hsiao T C. (1973). Plant responses to water
stress. Annual Review of Plant Physiology Vol.
24. 519-570. https://doi.org/10.1146/annurev.
pp-24.060173.002511

Kramer P J and Boyer J S (1995). “Water
relations of plants and soils”, Academic Press,
London, UK.

Bruno Eduardo Campos, Thiago Dias Ruivo,
Mbnica R. da Silva Scapim, Grasiele Scaramal
Madrona, Rita de C. Bergamasco (2016).
Optimization of the mucilage extraction process
from chia seeds and application in ice cream as
a stabilizer and emulsifier, LWT - Food
Science and Technology, 65, Pages 874-883,
https://doi.org/10.1016/j.1wt.2015.09.021.

@ IJTSRD | Unique Paper ID — IJTSRD50638 | Volume -6 | Issue—5 | July-August 2022

Page 1270



[21]

[22]

[23]

Costantini L, LukSi¢ L, Molinari R, Kreft I,
Bonafaccia G, Manzi L, Merendino N. (2014).
Development of gluten-free bread using tartary
buckwheat and chia flour rich in flavonoids and
omega-3 fatty acids as ingredients. Food Chem:;
165: 232-40.
doi:10.1016/j.foodchem.2014.05.095.

Ding Y, Lin HW, Lin YL, Yang DJ, Yu YS,
Chen JW, Wang SY, Chen YC. (2018).
Nutritional composition in the chia seed and its
processing properties on restructured ham-like
products. J Food Drug Anal. 26(1): 124-134.
doi: 10.1016/j.jfda.2016.12.012.

Lorenza Rodrigues dos Reis Gallo, Raquel Braz
Assun¢ao Botelho, Verdnica Cortez Ginani,
Livia de Lacerda de Oliveira, Roberta
Figueiredo Resende Riquette & Eliana dos
Santos Leandro (2020) Chia (Salvia hispanica
L.) Gel as Egg Replacer in Chocolate Cakes:

[24]

[25]

[26]

[27]

International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470

Applicability and Microbial and Sensory
Qualities After Storage, Journal of Culinary
Science & Technology, 18: 1, 29-39,
DOI:10.1080/15428052.2018.1502111

Chiov Rukshana, & Rani K. P. (2017).
Phytochemical Screening and GC-MS Analysis
of Leaf Extract of Pergularia daemia (Forssk)
Chiov. http://www.pelagiaresearchlibrary.com/

WHO, IUCN, WWF (1993). Guidelines on the
conservation of medicinal plants. Gland &
Geneva, Switzerland

Taga M S, Miller EE & Pratt D E (1984). Chia
seeds as a source of natural lipid antioxidants.
Journal of the American Oil Chemists' Society
61, Issue 5, Pages 928-931

H S Prasanna & N Maruthi. (2018). "CHIA A
Vegetarians Fish". 10. 13140/ RG. 2. 2. 19635.
89122.

@ IJTSRD | Unique Paper ID — IJTSRD50638 | Volume -6 | Issue—5 | July-August 2022

Page 1271



