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Editorial

Millets have had a very unusual
history- from a staple crop
regularly used by our ancestors
for their survival, to something
which was called coarse grain or
as a poor man's food or as minor
grains, to what is presently
considered a nutri cereal and
climate resilient nutritious
alternative to our staples like
rice and wheat. Two major events
have led to this transformation 
1. The rising incidence of non-
communicable diseases
particularly overweight, obesity,
and type 2 diabetes and 
2. The phenomenal change in the
climate conditions across the
globe results in adverse climate
events that are not congenial to
the growth of popular fine grains
like wheat and rice. 

Like the famous expression -Necessity is the
mother of invention, we may now have to
redefine it as Necessity is the mother of
reinvention or rediscovery of something nature
provided for our survival through all adverse
situations.
There is reason to believe that human population
clusters in tribal as well as traditional living
populations have been using millets for their
livelihood as well as food. The nutritional benefits
are many but anti-nutrients are also many. These
tribal communities through years of local wisdom
have been able to make good use by minimizing
the anti-nutrients by various processing methods
of which fermentation has been popular. 
In a report (What India Eats – ICMR NIN) the
proportion of the population who consumed
more than the recommended amounts of cereals
was 97% in rural and almost 70% in urban
regions. In combination with a decrease in
physical activity levels, this led to a prevalence of
abdominal obesity of 53%, Overweight 31%, and
Obesity of 13% in urban populations. In Rural
India where millet is probably consumed more
and with relatively better physical activity it is
19%, 17%, and 5% respectively. The MY Plate
shows cereals should be about 270 Gms of which
approximately 60% shall be millets or nutri
cereals.
The future of our country both in terms of good
health and a better environment is to move back
to our age-old food choices with millet taking its
pride of place on our plates.

Dr. B. Sesikeran
 Chairman, Editorial Board, PFNDAI
Hon., Scientific Director, PFNDAI, 

Ex-Director, NIN, Hyderabad
 



Encapsulation is the action of enclosing
something in or as if in a capsule.
Encapsulation is used in the food
industry for a variety of reasons, such
as masking undesirable color, flavor, or
taste, preserving unstable constituents,
incorporating additional functional and
nutritive ingredients, and site-specific,
timed, and rate-controlled release of
encapsulated ingredients. Active or
core material is referred to as coated
material. Coating material is called
shell, wall material, carrier or
encapsulant. Encapsulation is a
practical technique to enhance the
delivery of bioactive molecules
(antioxidants, minerals, vitamins,
phytosterols, etc.) and living cells
(probiotics, etc.) to meals by preserving
the active agents in a carrier material.

Encapsulation - For improving
Nutritional Quality

By- Aakanksha Padwal,
Dr. Bhanuben Mahendra Nanavati

College of Home Science
(Autonomous)



Encapsulation is the process of adding food components, enzymes, cells, or other
items into tiny capsules. Applications for this method have grown in the food
business because the materials can be shielded from moisture, heat, or other harsh
circumstances, improving their stability and retaining viability, covering up
unpleasant flavors or odors. Commonly it is known that flavors and sweeteners in
chewing gum are encapsulated. Encapsulating materials include lipids, proteins,
carbohydrates, dextrins, alginates, and fats. The contents in the capsules can be
released via a variety of techniques. Release can be stage- or site-specific, or it can
be indicated by pH, temperature, radiation, or osmotic shock changes. Liposomes
have been used in the production of cheese. 
The need for encapsulation is to protect and improve delivery of antioxidants,
nutrients, bioactive molecules etc. , controlled release, masking of Flavour and
odour, enhance stability and maintain viability, The concentration of the
integrated material (such as active substances, medications, scents, proteins,
insecticides, antimicrobial agents, etc.) identified in the formulation above the
initial concentration at which the2formulation was generated is defined as the
encapsulation efficiency (EE%). Encapsulation efficiency (EE %) was calculated
using below formula : EE %=(Wt/Wi)×100% .
 



The types of ingredients that can be
encapsulated are Flavouring agents like
oils, spices, seasonings and sweeteners,
Acids, buffers, alkalies, Lipids Redox
agents, Enzymes or microorganisms,
Artificial sweeteners, Leavening agents,
Antioxidants, Preservatives, Essential oils,
amino acids, vitamins and minerals etc.
The coating or wall material used in
microencapsulation should be able to form
a cohesive film on the core, stabilise it,
and provide strength to the capsules. The
coating material that are being used are
Gums (Gum Arabic, sodium alginate),
Carbohydrates (Starch, dextrin, sucrose),
Proteins (Gelatin, albumin), Lipids
(Beeswax, stearic acid, Phospholipids),
Cellulose (Plant cells), Chitosan (Shells of
crustaceans). 

Several encapsulation techniques have
been investigated, depending on the type
of core and the intended application of the
resulting goods. The various types of
encapsulation are microencapsulation,
spray drying, spray cooling, fluidized bed
coating, extrusion method, liposome
method, coacervation method etc. A
promising method is microencapsulation,
which offers protective barrier, high
stability, controlled release, and targeted
distribution for core ingredients. Food
processing necessitates maintaining
quality and nutrition as well as having
stricter standards for safety and
cleanliness than the pharmaceutical,
cosmetic, and textile sectors.



 It enhances the ripening of hard cheese. 
Encapsulated enzymes help in tenderization of meat. 
Encapsulated tastes in chewing gums only release while chewing.  
Encapsulated Ferrous Fumarate for fortification of salt along with
Iodine.Encapsulated Iron Premix is specially designed for fortification of salt
which releases iron when consumed with Food.  

Some of Applications of encapsulation in food industry are :

Encapsulation is the most effective method for improving nutritional quality. By this
technique various nutrients can be encapsulated and that can enhance nutritional
quality. When considered from an industrial perspective, Encapsulation has shown
itself to be an efficient method for developing innovative food items with a variety of
functional attributes. Many commercial food items, including juices, chocolates,
meat and poultry products, etc., employ microencapsulation technology.
Additionally, microencapsulation is a useful method for adding micronutrients to
particular grains like wheat and rice in order to enhance their nutritional quality.
The near future holds great promise for the creation of new functional food items
using microencapsulation technology, which will help support the expanding food
industry. However, it can be difficult to produce microcapsules for use in the food
industry due to a variety of factors, including the inability to scale up a process and
much higher manufacturing costs, which restrict the technique's capacity to be
profitable. Before being included into any food matrix, the qualities of the
microcapsules must also be thoroughly evaluated only then will it lead to successful
implementation of the technology. 
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Fermented Foods & Their Health
Benefits

INTRODUCTION:
Fermentation is a historical and one of the most economic methods of food
preparation. During fermentation, microorganisms because many biochemical
reactions, bring in changes which result in preservation of Foods. . Zymology or
Zymurgy is known as the science of fermentation. Fermentation was mainly used to
increase the shelf life of highly perishable foods and also to enhance the organoleptic
properties of foods (e.g., taste and texture). Food fermentation is categorized into:
anaerobic fermentation, such as alcoholic and lactic acid and aerobic fermentation,
such as fungal and alkaline. Microbial fermentations are of two types: homo-
fermentative i.e., one main product, or hetero-fermentative i.e., mixture of products.
Fermented foods many beneficial health effects such as, increase in immunity,
protection against pathogens, reduction of blood cholesterol. They also helpful in
resolving conditions like obesity, atherosclerosis and also alleviate symptoms of
lactose intolerance. 



FERMENTED FOODS:
Fermented foods are produced
by the modifying raw material of
either plant or animal origin by
metabolic activities of certain
microorganisms. Bacteria, yeast
and molds exhibit a vast range of
products differing in texture,
flavor and stability as compared
to the raw material. Lactic acid
bacteria ferments carbohydrates
to lactic acid, yeasts ferment
carbohydrates to produce
ethanol and other organic
chemicals and molds are used in
production of blue cheese and
soy sauce. 

Cheese:
There are enormous varieties of
cheese available. In the production of
cheese, milk, starter culture, rennet
and proteases and peptidases from
the secondary microflora are
involved in breaking down casein and
producing bioactive compounds
responsible for a vast range of
biological activities. Cheese contains
sphingolipids and conjugated linoleic
acids (CLA) that help in fighting
obesity by modulating metabolism
and reducing energy intake. Cheese
provides high energy and is a rich
source of protein, calcium, fats and
Vitamin B. It also has anti
carcinogenic and
anti-obesity properties. On the basis
of moisture content cheese is
classified into:
Hard (26-50%), semi hard (42-52%)
and soft cheese (48-80%).



Kefir:
Kefir is a drink produced since
ancient times and is made from the
fermented milk of cow or goat. It
has a sour, mildly alcoholic and
acidic taste with a cream like thick
consistency. It is produced from
acidic -alcoholic fermentation of
milk by microflora present in kefir
grains. It is suitable for lactose
intolerant people as its lactose is
predigested by lactic acid bacteria
(LAB). Kefir is a powerful probiotic
with potent antibacterial
properties. It is a rich source of
calcium, phosphorus, vitamin B12
and magnesium. It has potential
anti-inflammatory,
hypocholesterolemia, anti-
allergenic, anti-diabetic, and
antioxidant properties.

Yogurt:
Yogurt is the most commonly
consumed food that may contain
probiotics if added and is a
coagulated dairy product produced
by lactic acid fermentation with
Lactobacillus delbrueckii ssp.
bulgaricus and Streptococcus
salivarius ssp thermophilus. It
contains higher amounts of
magnesium, cobalamin, riboflavin,
calcium, and protein content as
compared to that of milk. Yogurt
increases the protein digestibility
and strengthens the immune system.



Tempeh:
Tempeh is a solid cake-like fermented food
produced from soybeans by the fungus
Rhizopus oligosporus. It has a unique nutty
flavor. Tempeh is traditionally consumed in
Indonesia as an important part of the diet. It
is highly nutritious with protein content of
40% (w/w) and a high vitamin B12 content.
Tempeh is associated with various health
benefits such as increasing bone health,
lowering inflammation, lowering blood
cholesterol and also improving insulin
resistance.

Red wine:
Yeasts present on grape skin or added
intentionally to the crushed grapes proceed to
the fermentation process wherein sugar is
degraded into ethanol and carbon dioxide.
Consumption of red wine is associated with
many benefits for human health if consumed
in moderate amounts i.e., 1to 2 glass per day.
Ellagic acid slows the growth rate of fat cells
and lowers the risk of type 2 diabetes. Wine
also decreases the risk of hypertension and
cancer due to the presence of natural
antioxidants.

Kimchi:
Kimchi is a dish prepared by adding
ingredients such as salt and spices to the
fermented vegetables such as Chinese cabbage
and radish. It is a traditional Korean dish
traditionally. Kimchi may lower the risk of
bacterial infections serious health conditions
such as carcinogenesis, atherogenesis,
oxidative stress, obesity, inflammation,
mutagenesis, and cancer. Since this contains
probiotics, it will stimulate immunity and may
slow down ageing. Kimchi is an excellent
source of various vitamins such as vitamin A,
C, K, and beta carotene.



THE CONCEPT OF POSTBIOTICS:
Postbiotics are functional bioactive compounds, that promote human health and are
generated in a matrix during the process of fermentation. The term postbiotics may
be regarded as a catchall for all related terms of these microbial fermentation
components. Therefore, postbiotics includes various constituents including
functional proteins, metabolites, short-chain fatty acids (SCFAs), peptidoglycan-
derived muropeptides, microbial cell fractions, extracellular polysaccharides (EPS),
cell lysates, and pili-type structures. Postbiotics is whole new term in the field of ‘-
biotics’.

The efficacy of postbiotic depends on the lipids, carbohydrates, microbial
metabolites, vitamins, proteins, cell wall components, organic acids, or other
complex molecules that are generated in the matrix that is fermented. The
composition of postbiotics can be affected by food processing methods such as
sonication, irradiation, heat, and high pressure. Different microorganisms involved
might react differently to these processes.
As an example, irradiation might cause mutations in nucleic acids and some proteins
originating from bacteria that are inactivated by heat might denature. Therefore, and
thus the host response to the postbiotic products and the composition of the
postbiotic product depends on the entire food production process.



CONCLUSION:
Fermentation is an age-old method of food preservation and has been an integral
part of human nutrition since then. Fermented foods also act as Functional Foods
as they have physiological benefits because Postbiotics and Bioactive compounds
they produce and therefore reduce the risk of chronic diseases beyond providing
basic nutrition. A number of health benefits are associated with fermented foods
due to the vitamins, biologically active peptides, and other compounds such as
detoxification, increase in immunity, lowering of blood cholesterol, anti-
inflammation and protection against cardiovascular diseases. 
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Millet Milk as a Dairy Alternative
Apoorva Nimse and Shrikant Yevale

MIT School of Food Technology, MIT Art, Design and Technology
University, Pune

INTRODUCTION:
Millets are a number of small-seeded cereal grains belonging to Poaceae family. They
are cultivated as grains primarily on marginal lands in dry areas in a variety of
regions including temperate, subtropical and tropical. Major millets are sorghum,
pearl millet, and finger millet. The minor millets include foxtail, proso, barnyard,
kodo, little, guinea, browntop, fonio and adlay. India has highest production of
millets. Millets are rich sources of polyphenols and other phytochemicals that play
role in reduction in fat absorption, slower changes in blood sugar, reduction of risk
of heart disease, diabetes and hypertension. Growing awareness of health benefits
and importance of millets for environment has encouraged research in cultivation,
processing and value-addition of millets. The UN General Assembly (UNGA) has
declared 2023 as the International Year of Millets. Manufacturers are keen on
cashing in on burgeoning demand for millets and their products and have launched
many products in the market including flour mixes and baked goods. 



MILLET MILK CHARACTERISTICS:
A wide variety of plant-based milks are available in the
market today. These can be differentiated using the
following parameters – foaming/ frothing ability,
nutrition, appearance, color, and taste. Freshly prepared
millet milk exhibits a slightly stable foam due to its high
protein content. It also has an excellent nutritional
profile, being low in calories and rich in proteins and
minerals.
Nowadays, consumer preferences are towards high-
nutrition and low-calorie foods. Hence, millet milk's low
fat and high protein content make it an ideal replacement
for dairy milk. It has a uniform tan-to-white color giving
high visual acceptability. Emulsifying properties are
largely influenced by protein-fat interactions. These
properties contribute to the overall texture of the
product. Therefore, in addition to color and appearance,
it shows high sensory acceptability for texture.
Furthermore, it has a mild to slightly sweet taste
depending on the processing method.

The rise in cases of health
problems like lactose
intolerance, milk allergy, and
coeliac disease have prompted
people to opt for alternatives,
especially in daily items like
milk. Plant-based milk is a
trending choice since it
champions the mission of “Good
for you, Good for the planet”
and is suitable for lactose-
intolerant populations. Plant-
based or vegan milk means
beverages consisting primarily
of liquid extracted from nuts,
grains, legumes, and seeds. 
The most popular varieties are soy, almond, and oat milk. Milk can also be extracted
from millets. Millet milk is prepared by soaking the millets for 8-12 hours and
grinding in a colloidal ball mill, followed by filtration, resulting in a clarified liquid.
This milk has benefits like being gluten-free, vegan, lactose-free, and having a low
glycemic index (Low GI value).



MILLET MILK AS A DAIRY REPLACEMENT:
Millets stand to be a good source of dairy alternatives, considering they are
gluten-free, soy free, and nut-free. Nutritional superiority is one of the reasons
why millet milk makes a great alternative to dairy or cow milk. In its unprocessed
form, millet milk showed three times the protein content than dairy milk having a
value of 9.17% compared to dairy milk having 2.84%. The fat content was almost 1.8
times lower (0.68%) than dairy milk (1.19%). It also showed a comparatively higher
energy content (383 kcal) and a carbohydrate content (78%) comparable to that of
dairy milk. Owing to its mineral content, millet milk also exhibited a high ash
content (0.35%), and the crude fiber levels were also higher (0.9%) than in dairy
milk (0.73%). Besides being a good source of calcium, millet milk is also rich in
iron - an essential mineral in which cow milk is deficient. When processing millet
milk, it is crucial to understand the effects of different processing methods like
pasteurization, chilling, freezing, chilling, and curing on its nutritional stability
compared to cow's milk. The cold processing techniques slightly reduced protein
(8.5-7.8%) and fat (0.74-0.6%) content compared to untreated millet milk (9.1%),
but these levels were still much higher than cow's milk (2.4%-1.8% protein and 1.2–
1.1% fat) even after being processed. An increase in TSS and a decrease in viscosity
was also observed with lower temperatures .



CONCLUSION:
Millets are widely cultivated and are known to thrive well with less maintenance,
making them an ideal crop. Additionally, they are a great source of nutrition, and
value-added products like millet milk are a more convenient and palatable way to
consume more of them. Due to the growing awareness of its health-promoting
profile, increased demand for millet and millet products has been observed. Besides
making up for the lacuna found in other sources of plant based milk, millet milk also
maintains its stability in nutritional content under high and low processing
temperatures. These properties make it ideal for applications as a dairy milk
replacement in many foods.
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Cultivated Meat

Cell-based meat (also referred to as clean or
cultured meat) is genuine meat cultivated
directly from animal stem cells rather than
by raising and slaughtering animals. The
meat is created through a bioprocess in
which stem cells are extracted, isolated, and
proliferated in bioreactors at high densities
and/or in large volumes. These stem cells are
subsequently differentiated, either in the
presence or absence of scaffolding materials,
into the principal cellular components of
meat, including skeletal muscle, adipocytes,
and fibroblasts of the connective tissues . The
final product mirrors the structure,
composition, and nutritional value of
conventionally derived meat.



The manufacturing process begins with acquiring and banking stem cells
from an animal. Similar to what happens inside an animal’s body, the cells are
fed an oxygen-rich cell culture medium made up of basic nutrients such as
amino acids, glucose, vitamins, and inorganic salts, and supplemented with
proteins and other growth factors. The differentiated cells are then harvested,
prepared, and packaged into final products. This process is expected to take
between 2-8 weeks, depending on what kind if meat is being cultivated. Some
companies are pursuing a similar strategy to create milk and other dairy
products. To commercialize cell-based meat, four critical technology areas
require further innovation: cell line development, cell culture media,
bioreactors and bioprocessing, and scaffold biomaterials selection of raw
materials for cell culture media and scaffolding.

Cell Line Development:
As starting material for cell-based meat, cells
that can self-renew and differentiate into the
cellular components of meat are isolated and
selected. The starting cell type ultimately
influences many of the downstream variables of
the bioprocess, such as timeline and
differentiation strategy. Cell selection should be
weighed alongside cost models and design
requirements for the intended products. Publicly
available biorepositories of cell lines from
commonly consumed species are needed to
accelerate research and generate -omics datasets
to facilitate development. For example, strategies
might include the creation of immortalized cell
lines and cells that have high tolerance to shear
stress, resistance to toxic metabolite build-up
such as ammonia and lactic acid, suitability for
suspension growth, and low growth factor
concentrations. Engineered biosensors can assist
in signaling hypoxic conditions, mechanical
stress, or amino acid and glucose starvation.
Researchers may pursue cell lines that
inherently exhibit many of these properties, such
as insect cell lines that are adaptable to
suspension growth, tolerate nutrient starvation,
and readily immortalize in vitro, or fish cells that
can be grown at room temperature.



Cell Culture Media:
The cell culture medium is the most important factor in maintaining cells ex vivo.
Since the 1950s, virtually all basal cell culture media have consisted of variable
buffered solutions of glucose, inorganic salts, water-soluble vitamins, and amino
acids tailored to specific cell types. To achieve long-term maintenance and
proliferation, insulin, transferrin, selenium, lipids, antioxidants, and other growth
factors are included, typically in the form of animal sera such as fetal bovine serum
(FBS). because it is rich in growth factors and hormones, which supports a
proliferative fetal-like state. FBS is not viable for use in cell based meat. While
serum-free alternatives exist, they are expensive and often optimized for human
cells in clinical settings or cell lines used in production of biologics under current
good manufacturing practice (cGMP) guidelines. Thus, the cell-based meat industry
will likely require optimized serum-free formulations for a variety of cell types.

Bioreactors and Bioprocessing:
Proliferation of cells in a semi continuous or continuous process can minimize
processing times or increase the productivity of seed train processes. In a seed train
process, cells are grown and used to inoculate sequentially larger, higher-volume
vessels, capturing the greatest efficiencies 
at later cell doublings. Perfusion
bioreactors, such as hollow- fiber
bioreactors, can achieve higher
cell densities in lower volumes
and operate continually over
months, making them an
attractive conduit between
proliferation seed-train stages.
Computational fluid dynamics
(CFD) models are needed to
understand how fluids in a
perfusion bioreactor with
embedded scaffolding behave.



Scaffolding Biomaterials:
scaffold for cell-based meat ideally permits cells to attach and differentiate in a
specified manner that mimics the3D cytoarchitecture of an intended meat product.
In tissue engineering, considerations of the porosity of the scaffold, mechanical
properties, and biocompatibility are paramount; in creating cell-based meat, the
use of cost-effective edible or biodegradable materials is just as important . It
merely needs to represent tissue structure sufficiently to replicate the appropriate
texture and mouthfeel. Further exploration of plant- or fungal-derived polymers as
scaffolds is needed. These organisms may be engineered to express key cell
adhesion domains used by vertebrates to boost biocompatibility. Chemical
modifications can create a tunable scaffold that is responsive to simple external
stimuli such as light or temperature.

Cultured meat is a technology with the potential to alleviate the ethical,
environmental, and public health concerns associated with conventional meat
production, including greenhouse gas emissions, land, and water use, antibiotic
resistance, food-borne and zoonotic diseases, and animal slaughter. To realize a
cost-efficient and resource efficient production and, eventually, a sustainable
cultured meat product, it is essential to customize and economize medium
protocols, medium is still the most significant cost as up to this day, driver.
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In the current scenario, with escalating population growth, changing food habits and
uncontrolled use of natural resources, the nutritious food unavailability is also

increasing. Natural plant resources are fast depleting and thus there is a need to
explore new alternatives. Besides the consumption of staple rice and wheat, people

are now starting to consume underutilized crops which have a great potential to
substitute staple crops. Millets are one of the major underutilized crops with a

Nutri-cereal potential (Saini et al., 2021). They are highly nutritious providing most of
the nutrients required for normal functioning of the body and can contribute

substantially towards food and nutritional security, thus they are regarded as Nutri
cereals. Millets are a diverse genus of small-seeded grasses that are commonly

cultivated as cereal crops or grains which are highly nutritive, non-acid-forming,
gluten-free, and possess a plethora of dietary properties. They usually contain 7 –

12% proteins, 2 – 5% fats, 65 – 75% carbohydrates and 15 – 20% dietary fibres
(Eugenia Ramashia et al., 2021). Being rich in complex carbohydrates, dietary fibres,

energy, essential fatty acids, proteins, vitamin-B and minerals such as calcium, iron,
magnesium, potassium and zinc, they help in the prevention of post-translational
diseases like, diabetes, cancer, cardiovascular and celiac diseases, etc. Apart from

this, they are a good source of phytochemicals as well. Millets include a plethora of
varieties such as Pearl millet (Bajra), Finger millet (Ragi), Kodo millet, Barnyard

millet (Samai), Sorghum (Jowar) etc.
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THREE-FOLD BENEFITS OF NUTRI-CEREALS
• For Farmers – As Risk Mitigation against Droughts
 Millets can grow on shallow, low fertile soils. They can survive droughts and
thus can be used as a good mitigation strategy.
• For Consumers – The Nutrition Angle
India has a Global Hunger Index rank of 101 as per the 2021 report. Millets
are a great source of various nutrients are essential for tackling the problem
of malnutrition and anaemia in India. They also provide good amount of slow
digestible starch which helps in effective management of various lifestyle
disorders like obesity, diabetes etc.
• For the Planet – For Combating Climate Change
Millets have a low overall water requirement for a limited growth period of
60 to 90 days. They are environment friendly as they can utilize
environmental carbon dioxide and convert it to oxygen. Thus, they can
contribute towards mitigating climate change by phasing out climatic
uncertainties and reducing atmospheric carbon dioxide.



MILLETS AND SUSTAINABLE DEVELOPMENT GOALS (SDGs)
In 2015, the United Nations and its members adopted “The 2030 Agenda for
Sustainable Development”, which provides a shared blueprint for peace and
prosperity for people and the planet, now and into the future. It comprises of 17
Sustainable Development Goals (SDGs), which require an urgent call for action by all
the countries - developed and developing - in a global partnership.
The goals are represented pictorially -
One of the goals (Goal 2) of SDGs is ‘Attaining Zero Hunger’. The objective of this goal
is ‘to end hunger, achieve food security and improve nutrition and promote
sustainable agriculture’ (UN General Assembly, 2015). In today’s scenario, agricultural
production is hardly met without the use of fertilizers and pesticides. However,
millets are an exception to this. They are grown as rain-fed crops with less or no
input from fertilizers (Devkota et al., 2016). It is also fascinating to note that the
millets do not require the use of pesticides as they are less vulnerable to pest
infestation when compared with other major cereals (Goron & Raizada, 2015; Gupta et
al., 2017; Saxena et al., 2018). Apart from this, it is also interesting to know that the
seeds of millets like finger millet can be stored for several years without the damage
caused by insects, which is one of the risk avoidance strategies in drought-prone
areas of Africa (Ceasar et al., 2018; Gupta et al., 2017). Despite having so many benefits
and advantages, the per capita consumption of millet is still low which may be
attributed to the fact that during green revolution when other cereal crops like
wheat and rice were getting a boost, millets were neglected. Thus, The United
Nations General Assembly (UNGA) adopted a resolution declaring 2023 as the
International Year of Millets (Rao et al., 2021), accepting the proposal put forth by the
Government of India and supported by 72 other countries. The aim of this theme is to
publicize the importance of millets and their role in strengthening food security.



ROLE OF MILLETS IN ACHIEVING ZERO HUNGER
Despite the green revolution and increased production of wheat and rice, the Global
Hunger Index, 2021, ranked India at 101 out of 116 with a score of 27.5 which depicts
serious levels of hunger. Thus, the emphasis is being shifted to both, the enhanced
production and consumption of millets. Promotion of millet cultivation could help to
meet the sustainable development goals (SDGs) of the UN. One of the goals (Goal 2) is
‘attaining zero hunger’.
Reasons how millet would help in achieving the zero-hunger goal –
• Millets can grow on shallow, less fertile soils with a pH of soil ranging from acidic
4.5 to basic soils with pH of 8.0, thus require less use of fertilizers.
• They are rain-fed crops and can survive droughts, thus there will be minimal water
input, preserving water as a resource.
• Millets, especially, pearl millet, is highly tolerant to elevated temperatures and
drought, hence, is considered the most suitable crop for changing climates (Saha et
al., 2016).
• They are resilient to pest infestation, therefore, minimizing the use of chemical or
herbal pesticides.
• When compared to wheat and rice, they have a higher mineral concentration, thus
they would be fruitful in alleviating “Hidden Hunger”.
• Most millet fields are naturally biodiverse and in compliance with climate change.
As a result, they help to guarantee food safety.
• As the input of resources is minimal  in millet cultivation, they are a friendly crop
even for the small farmers.



Thus, the millet cultivation would not help in achieving the 2nd goal of
sustainable development but will also help in strengthening the economy of the
country by supporting small farmers. Being highly nutritious, they also help in
alleviating the risk of various lifestyle diseases, thus indirectly helping in the
fulfilment of 3rd goal i.e., “Good Health and Well Being”. As they are climate
resilient, they will also help in achieving Goal No. 13 i.e., “Climate Action” by
improving the food production, overcoming the climate adversities and by
minimizing the production of synthetic fertilizer and pesticides, thus, reducing
the adverse effects to the environment.
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WHAT ARE OLEOSOMES?
Oleosomes are oil droplets composed of triacylglycerol's, besieged by proteins
(oleosins, sterol eosins and Cal eosins) and phospholipid layer. oleosomes also
possess minor proteins (lipoxygenase and dioxygenase). The order of
composition in oleosomes is lipids>proteins> phospholipids. Oleosomes contain
bioactive compounds such as tocopherols, isoflavones, phytosterols and,
essential amino acids. Oleosomes are rampantly present in micro-organisms,
animals and plants. In plants, oleosomes are found in roots, leaves, and seeds
with seeds containing significantly higher amount. Oleosomes form during seed
maturation and serve as energy reservoir for future need. Oleosomes have
captivated the food industries due to their emulsifying properties, and the ‘All
Natural Ingredients’ demand of the consumers.

Oleosomes for New Food Product
Development

By- Junaid Inamdar
Institute of Chemical Technology



OLEOSOMES FOR NEW FOOD PRODUCT DEVELOPMENT:

Oleosomes Emulsion:
Oleosomes are a good alternative for synthetically engineered oil droplets.
Oleosomes possess emulsifying activity and stability due to the surface membrane
which keeps the oleosomes emulsion intact under physical and chemical stresses
such as oxidation of fatty acids. The bioactive compounds such as isoflavones and
tocopherols (Fisk and Gray 2011) also confer stability against lipid oxidation in
soybean oleosomes.



Oleosomes Emulsion for
Imitation of dairy Products:
The most ubiquitously
known imitation dairy
product is soymilk. Yogurt
has been successfully
prepared from soybean
oleosomes with an
acceptable sensory profile
(Mantzouridou et al. 2019,
Fujii 2017). A probiotic
walnut-based beverage
using lactic acid bacteria on
similar lines has also been
reported from walnut
kernels. This emulsifying
nature of oleosomes also
aids in the development of
imitation milk-based
products such as
mayonnaise, milk, yogurt,
cheese, and ice cream. The
water solubility of proteins
of oleosomes renders the
final product to be
nutritionally richer than
their traditional
counterparts. Oleosomes
are extracted by using
aqueous extraction process
followed by ultrafiltration
to prepare
yogurt(Mantzouridou et al.
2019)



Oleo gels:
In the preparation of oleosome based
imitation dairy products, protein
denaturation takes place which
causes surface roughness and
ultimately the aggregation of
oleosomes. This can be overcome by
transforming the oleosome emulsion
in to solid gel structure of ‘Oleo gels’
by adding ingredients such as pectin
and xanthan gum. Oleosomes get
adsorbed on these polysaccharides
which increases the electrostatic and
steric repulsion between the droplets.
It was found that the transformation
of oleosomes to the oleo gels retained
most of the oil when shear force was
applied.

Oleo foams:
Foaming is another important
property of oleosomes helpful for
several food products.
Oleosomes were prepared with the
addition of fat crystals, emulsifier and
protein. Emulsifier and protein
engulfed the nucleus of triglycerides.
This interaction results in good
stability, and also imparts good foam
stability. Foaming can be utilized in
cake formulations, and in toffee
processing during the cooling
process. This aeration imparts a
characteristic texture to toffee.



Oleosomes for preparing edible films and coating:
Research has shown that edible films prepared using oleosomes had poor
mechanical properties (Nikiforidis, Matsakidou, and Kiosseoglou 2014). However,
incorporation of oleosomes into polysaccharide-based films showed acceptable
results (Matsakidou, Biliaderis, and Kiosseoglou 2013). Incorporation of oleosomes
into packaging material not only improved water barrier properties but also
became the vehicle for carrying bioactive bioactive components(Abdullah et al.
2020). Milky white edible films using oleosomes, sodium caseinate and maize
germ oil was prepared. The film had good homogeneity due to the adsorption of
sodium caseinate over the surface membrane of oleosomes (Nikiforidis 2019).



INTERACTIONS OF OLEOSOMES

With pectin:
Pectin has a negative charge with polar calcium binding blocks. Also, they are
flexible polymers which forms elastic gels under proper conditions. Oleosomes
surface has a positive charge. The negatively charged pectin blocks strongly
adsorb on the positively charged surface of oleosomes (Fig. 3.1). Irregular
adsorption of pectin molecules is induced by mixing oleosomes and pectin
which eventually forms an entangled gel. Further dehydration of water does
not affect to oleo gels due to preservation of adsorbed blocks and
entanglements.

With xanthan:
The backbone of xanthan is highly negatively charged. This negative charge
results in comparatively stiff helices (Fig 3). Xanthan adsorbs on the positively
charges surface of oleosomes. The random orientation of xanthan bestows it
with high viscosity in its solutions.



With Whey Proteins:
Both oleosomes and whey proteins have an affinity to air/oil-water interface.
Emulsifying property of oleosome makes it a competitor against whey proteins.
Waschatko, Junghans, and Vilgis (2012) investigated the air/oil-water interface
properties of mixture of rapeseed oleosomes and whey protein. Oleosomes
disrupted with the formation of triacylglycerol/phospholipids rich area engulfed
by whey protein clusters 

With gelatin:
Kirimlidou et al. (2017) found that the addition of sesame oleosomes reduced
gelling time of gelatin by 20-30%. Addition of oleosomes with lower gelatin
content resulted in remarkable strengthening of gel structure by virtue of being
the filler of composite gel.

With salt:
Salt affects to the stability of oleosomes by impacting the interfacial charges on
oleosomes. Sunflower, soybean and peanut oleosomes were tested against
varying concentrations of NaCl, and all of them showed a slight increase in the
particle size of oleosomes (Zhao, Chen, and Hao 2019)



FUTURE TRENDS AND CHALLENGES:
It is necessary to know how oleosomes are digested? Only one study has
suggested that the oleosomes have similar digestibility as that of curcumin
transport system. Oleosomes can be used as carriers for hydrophobic
compounds. This property will help to retain the volatile compounds of flavors,
which can then be perceived for longer time(Fisk et al. 2011). As oleosomes have
both major and minor proteins, allergic reactions in susceptible persons
cannot be ruled out. Allergy has been reported among thin-skinned people.
Hence it is recommended to denature these proteins(Abdullah et al. 2020). The
dual functionality of film formation and emulsion stabilization of oleosomes
could help in the encapsulation of hydrophobic food components, for instance,
flavors, and could be explored on similar lines as gum Arabic.
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Millets- Future Crops of the World

By- Neetu
Shaheed Rajguru College of Applied Sciences

A once in a century pandemic and the chaos that followed showed that food
security is still a worldwide issue and that there is a pressing need to give people
access to food in future. The ever increasing demand for food has led to enmity over
resources such as water and soil. Climate change can affect crop productivity,
mainly of important cereals such as rice, wheat and maize and thereby affect our
meal pattern. All the essential cereal crops are recognized to have a higher
contribution to global warming, therefore to manage all these global concerns and
to feed the world’s expanding population, it is essential to strengthen food and
nutrient security of millions of people. The solution to this problem may be this
wonder food called “millet”.



Millets have a distinguished past, being one of the first crops produced by
mankind. Millets constitute a smart meal since they are good for health, and for
the environment as they leave a low carbon footprint. They help the farmers as
they do not need much water, have no need for very fertile land, and have a shorter
time to grow. This strengthens the claim that millets are the world’s future crop.
Millets are a great source of nutrients and have excellent climatic resilience.
Besides nutrition, the potential of millet as a crop for the future is one of the main
factors that explain the interest of the United Nations, countries in Asia, Africa,
and scientists across the world too. An estimation by the World Meteorological
Organization foresees the likelihood of an increase in temperature which can
severely impact agriculture and the production of major cereal crops. Therefore,
promoting millet farming may aid in achieving the United Nations Sustainable
Development Goals (SDGs)(UN). The United Nations General Assembly has adopted
a resolution designating 2023 as “The International Year of Millets”



History of Millets:
Millets are a family of very small-seeded grasses, which find a mention in the
earliest Yajurveda writings from India, Foxtail millet(Priyangava), Barnyard
millet (aanava), and black finger millet (shyaamaka) are some of them. This
confirms the widespread use of millet even before the Bronze Age (4500 BC).
Since ancient times, millets, which are a group of nine distinct crops, have
been consumed as a staple diet in areas of Africa, Asia, and China. As a result
of adopting the western model of development, India and other emerging
countries have lost out on a lot of beneficial and significant things. The eating
habits have been largely compromised. While pursuing standardization, native
foods are conveniently forgotten. The fast paced lifestyle of this century is
another reason why indigenous foods like millets are overlooked. Before the
Green revolution, millets made up to around 40% of all the cultivated grains
(contributing more than wheat and rice). Post the revolution, wheat
production has tripled and rice production has increased twofold, making the
millet a forgotten superfood. Luckily people are rediscovering the near
magical characteristics of millets. The Indian government has designated
them as “Nutri Cereals” and the millets represent the knowledge and
sovereignty of the Indian farmer and also guarantees them a life of respect
and independence.



Why Millets?
 The pressing challenges like food, feed, fuel, malnutrition, health and climatic

changes can be addressed only by millets as they can thrive in infertile soil and are
suited for a wide range of ecological situations requiring less water and other
resources. As a result, they can be cultivated by for farmers dealing with climate
change.

 Millets have a low glycemic index which aids in controlling diabetes.
 The highest calcium level (three times the calcium in milk) is found in finger

millet commonly known as “Ragi”.
 Millets have a high fiber content and aid in digestion.
 Millets have a unique composition which includes dietary fiber, polyols,

tryptophan that aids in weight loss and helps prevent cardiovascular diseases.
 Compared to rice, millets are abundant in B vitamins, calcium, phosphorous,

magnesium, copper, manganese, iron and copper, flavonoids and antioxidants.



Today, many attempts are being made to
create awareness about millets by
changing people’s perspective and
increasing their demand in India and
around the world. Notably, India is in the
forefront in the continuous development
of millet based novel products. India’s
collaboration led by ICAR- Indian
Institute of Millets research has taken up
the task of revitalizing millet production
and a number of value chain
interventions have been tested by them.
Currently there are around 400+ startups
working on the value additions and the
government has announced a production
linked incentive scheme offering 10%
incremental revenue on millet based food
products. Numerous organizations are
showing up to support this cause. New
initiatives are underway to teach the
farmers better millet farming practices.
Millets are resilient crops hence they can
be scaled up for widespread acceptance
according to ICRISAT, the majority of
millet plants require only about 2.5 times
as much water as a single rice plant. Not
everyone will develop a liking for millets
so innovations and developments are
underway to develop millets in a way to
suit all palates. Some attempts in this
aspect are bajra flakes, pancake mix,
dessert mix with ragi, jowar/ragi dosa
mix ,they can be easily cooked and can
make the regular meal healthier. In
conclusion, millets will become more
popular than other crops and millet
farming will also be sustainable and
profitable to the farmers. Diversity in a
plate of food as well as in agriculture can
be attained by turning towards millets.
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