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Editorial

Burgeoning demand of research in lipid Science and Technology

Dear Readers,

In recent years, lipid research has witnessed significant advancements that continue to deepen our understanding of
the complex roleslipids play in both health and disease. Once primarily considered as structural components of cell
membranes or energy reservoirs, lipidsare now appreciated for their dynamic involvement in signaling, inflammation,
and gene expression regul ation. Asour knowledge evolves, it isincreasingly clear that the lipidome-acomplex array
of lipid speciesand their metabolites-interactsintricately with cellular pathways, shaping diverse biological processes.

Oneof themost exciting areas of lipid researchisthefield of lipidomics, which has expanded our toolkit for exploring
lipid structures, functions, and dynamics on an unprecedented scal e. High-throughput lipidomic analysesallow usto
map lipid alterations in various diseases, from metabolic disorders to neurodegenerative diseases, cancers, and
cardiovascular diseases. Thisexpanding knowledge baseis propelling lipidomicsinto translational medicine, where
lipids are potential biomarkers and therapeutic targets.

Lipid researchisalso shedding light ontheroleof lipidsin cellular signaling and theimmune response. Theinflammatory
propertiesof certain lipid mediators, such as eicosanoids and resolvins, are well-recognized, but recent discoveries of
additional lipid mediators provide new insightsinto how cells respond to stress, infection, or injury. Lipids such as
sphingolipids and phosphoinositides are emerging as key regulators of cellular signaling, providing new avenuesto
understand immune responses and inflammation pathwaysin greater detail. Thesefindingsare particularly timely, as
the global health burden of chronic inflammatory diseasesison therise.

Thetherapeutic potential of lipid-based treatmentsis also an areaof growing interest. While statinsand lipid-lowering
agents have long been part of our arsenal against cardiovascular disease, novel lipid-based approaches, including
lipid nanoparticles and omega-3 fatty acids, are expanding therapeutic possibilities. Lipid nanoparticles, in particular,
have proven their efficacy in delivering mRNA vaccines, showcasing the versatility of lipid-based delivery systems.
Asour understanding of lipid metabolism and signaling pathways matures, we are poised to seelipid-targeted therapies
addressing a range of diseases beyond cardiovascular health.

Despite these exciting advances, lipid research faces challenges. The complexity of thelipidome and the variability
of lipid profiles across tissues and individual s demand sophisticated analytical techniques and computational tools.
Moreover, the context-specific roles of lipids require researchersto interpret lipid aterations carefully, considering
factorslike cell type, disease stage, and environmental influences.

Moving forward, collaborations across disciplines-linking biochemistry, pharmacology, clinical research, and
bioinformatics-are essential for translating lipid discoveriesinto tangible health benefits. Thisjournal isdedicated to
supporting suchinterdisciplinary endeavors, providing aplatform for innovative research that will undoubtedly continue
to shape the future of lipid science.

In this era of unprecedented opportunity, lipid research stands at the forefront of biomedicine, with the potential to
unravel key mechanisms in health and disease and to guide the development of novel, lipid-centered therapeutic
strategies. Let us continue to expand the boundaries of lipid science and contribute to a future where lipids play a
central rolein advancing human health.

Dr HB Singh
Editor-in-Chief
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Correspondence

I nnovationsand challengesin oilseed processing

Dear Editor,

The oilseed processing industry playsapivotal rolein global food security, agriculture, and economic devel opment.
Asdemand for vegetable oilsand plant-based protein continuesto surge, this sector isevolving rapidly to meet both
market needs and environmental challenges. Advancesin processing technol ogies, sustainability practices, and the
diversification of end-products are transforming the landscape of oilseed processing.

Onesignificant areaof progressisintheefficiency of oil extraction methods. Traditional solvent extraction processes
are being complemented or even replaced by greener technol ogies, such as supercritical fluid extraction and enzyme-
assisted extraction. These methods not only enhance oil yield and quality but also reduce the environmental impact
associ ated with solvent use and waste production. The implementation of these technol ogies, however, often comes
withincreasedinitial costsand the need for specialized equipment and expertise. Striking abalance between economic
feasibility and environmental responsibility remainsapressing challengefor theindustry.

The valorization of oilseed by-products is another promising development. Residues such as seed cakes, typically
used for animal feed, are increasingly recognized for their potential in nutraceuticals, biofuels, and biodegradable
materials. Research into the protein, fiber, and bioactive compounds present in oilseed by-products is opening new
opportunities for diversified products that can add value to oilseed processing. Developing efficient methods to
isolate and purify these valuable compounds will be essential to maximize the potential of oilseed by-products and
minimizewaste.

Furthermore, as the industry seeks to adapt to shifting consumer preferences, there is a growing emphasis on
transparency, quality, and sustainability. To maintain consumer trust, processorsareinvesting in traceability systems
and certification programsthat ensure products are ethically and sustainably sourced. Sustainable practicesin cultivation,
such as minimizing pesticide use and optimizing water resources, are not only beneficial for the environment but are
also becoming key driversfor product differentiation in acompetitive market.

Looking forward, continued collaboration between academia, industry, and regulatory bodies will be critical to
overcoming technical and economic barriers in oilseed processing. In particular, investments in research and
development are needed to make novel processing techniques more accessible and cost-effective for processors of
al sizes.

Thank you for the opportunity to share these reflections on the evolving landscape of oilseed processing. As we
navigate these challenges and embrace innovation, we are confident that the oil seed processing industry can continue
to contribute to a sustainable and resilient global food system.

CS Joshi
Director, FARE Labs
csoshi @farelabs.com
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News

1. Campaign calls on Norwegian
government to ban fish oil sourced
from Africa, limit salmon-farming
growth (published in Food Safety and Health,
July 5, 2024)

A group of non-governmental organizations, including
Oceanaand Greenpeace, are calling on the Norwegian
government to ban imports of African fishmeal. In a
2 July letter sent to Norwegian government officials,
including Norway Prime Minister Jonas Gahr Stare, the
|etter requeststhe government more stringently regulate
the country’s salmon-farming industry. Specificaly, the
NGOsarerequesting theindustry belimitedinitsgrowth
so it “remains within planetary boundaries,” adhereto
full disclosure of suppliersfrom sourcefisheriesthrough
aquafeed suppliers, and institute an “immediate ban on
the sourcing of fish oil from food-insecure regions,
including Northwest Africa.”

“We are writing to urge the Norwegian government to
takerapid action to regulate Norway’s salmon-farming
industry in light of new findings highlighting its huge
and growing appetite for wild-caught fish from food-
insecure countriesin the Global South,” theletter said.

The 39 organizations signing thel etter include Feedback
Global, Coalition for Fair Fisheries Arrangements,
Naturvernforbundet, Ocean Rebellion, Sea Shepherd,
Living Ocean Society, Aquatic Lifelnstitute, Don't Cage
Our Oceans, WildFish, Seas at Risk, and the
Environmental Justice Foundation, the latter of which
recently published numerous studies exposing
sustainability issuesin West Africa’sfishing sector.

A separate study commissioned in 2023 by the Global
Roundtable on Marine Ingredients, an initiative co-
founded by the IFFO - The Marine Ingredients
Organization and the Sustainable Fisheries Partnership,
found the fishmeal and fish oil industry in West Africa
has mainly supported export market growth, leaving
domestic seafood markets with dwindling amounts of
fish available for human consumption, environmental
degradation, and decreased income for fishers and
factory workers.

“The fishmeal industry is a serious threat to food
security and the future of fisheries in West Africa,”
Greenpeace Africa Senior Ocean Campaign Manager
AliouBasaidinapressrelease. “ Thisindustry plunders

our marine resources to feed intensive aquaculture in
Asia and Europe, where local populations need it for
their ownfood. Itistimethat thefish of the poor stopped
feeding the fish of therich.”

The letter claimsthe ingredients in fish oil that isthen
used by the Norwegian salmon-farming industry could
provide up to 4 million people in Africawith ayear’s
supply of fish sufficient to meet their nutritional needs.
Around 2 million metric tons of wild fish caught in
countries like Mauritania and Senegal are used for
fishmeal and fish ail production, including anchovy,
sardine, sprat, herring, and sandeels.

“What some in Norway view as a corporate success
story has come at the expense of communities and fish
populations in the Global South,” the groups said. “A
significant share of the fish oil Norwegian farmed
salmon companies use is imported from Northwest
Africa, depriving up to 4 million peoplein theregion of
fishto meet their annual nutritional needs. Thisisfueling
amodern-day food imperialism, which, in addition to
entrenching global inequity and food insecurity, is
extremely inefficient: Norway’sannual output of farmed
salmonis 27 percent lower than the volume of wild fish
required to produce the fish oil used in Norwegian
farmed salmon feed.”

Thefour largest aguafeed and fish oil producers—Mowi
, Skretting, Cargill, and BioMar — supply nearly al the
feed used in Norwegian salmon farming and all source
fish oil from Northwest Africa, according to the letter.
Thenumber of fishmeal and fish ail plantsinWest Africa
has increased from five to 49 in the past 10 years, it
said.

“TheNorwegian salmonindustry isgobbling up fish from
sometheworld’smost food-insecure regions, decimating
fish populations, devastating livelihoods, and driving
malnutrition,” Feedback Global Executive Director
Carina Millstone said. “The Norwegian government
must take rapid action now to regulate its extractive
salmon industry and prevent further destruction.”

The Norwegian government’s support of itsaquaculture
sector “stands in stark contrast to Norwegian
development policy, which hasidentified food security
and the fight against hunger as a priority area, notably
in Sub-Saharan Africa,” the letter said.

January - December 2023 & 2024
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2. BVO NoLonger Authorized for Food
Use by FDA (published in Food Safety
Magazine, July 2, 2024)

Effective August 2, 2024, the US Food and Drug
Administration (FDA) hasrevoked its authorization of
the use of brominated vegetable il (BVO) in food due
to studies showing the potential for adverse health
effects to humans. The compliance date is one year
after the effective date, by which point companies must
reformulate, relabel, and deplete their inventories of
BV O-containing products.

Conducted in collaboration with the U.S. National
Ingtitutes of Health (NIH), the study that prompted FDA
to revoke its authorization of BVO in food showed
damaging effectson thethyroid. Specifically, scientists
conducted a 90-day dietary exposure study in Sprague
Dawley ratsand analyzed tissue distribution of themain
metabolites. Mal e and femalerats aged six weekswere
fed diets containing varying amountsof BV O by weight.
Statistically significant increases were observed in the
serum bromidein the high-dose group of both sexes; as
well as in the incidence of thyroid follicular cell
hypertrophy in the two highest dose groups of males
and in the high-dose group of females. Anincreasein
thyroid stimulating hormone (TSH) serum was observed
in the high-dose group for both sexes, as well as a
decrease in serum T4 in the high-dose males. A clear
dose-response was observed in di- and tetra-
bromostearic acid levelsinthe heart, liver, and inguinal
fat.

The findings of the NIH study expand upon previous
observationsin ratsand pigsthat oral exposureto BVO
is associated with increased tissue levels of inorganic
and organic bromine, and that the thyroid isa potential
target organ of toxicity.

FDA has regulated BV O as a food additive since the
agency removed it fromthelist of Generally Recognized
As Safe (GRAS) substancesin 1970. As authorized, it
was used in small amounts to keep the citrus flavoring
from floating to the top in some beverages, and
manufacturerswererequiredtolist BV O, or the specific
type of BVO such as brominated soybean ail, in the
ingredients list if it was used. In the present day, few
beveragesin the U.S. contain BVO. FDA’s revocation
of itsregulation authorizing BV O for usein food isthe
result of its efforts to strengthen systematic post-market
chemical reassessment, following a recent uptick in

statelegidlative action to regulate food additives. BVO
is one of the food additives banned by the
2023 California Food Safety Act, and is the target of
similar pieces of legidlation pending in other states.

3. The prospects of coconut ail in the
biodiesel economy (published in Philippine
Daily Inquirer, August 23, 2024)

Theadoption by the International Maritime Organization
of the “2023 IMO Strategy on Reduction of GHG
(greenhouse gasses) Emissions from Ships’ opens a
new and highly promising business opportunity for the
shipping industry, particularly those involved in the
logisticsand fuel side. Specifically, shipping companies
can partner with agriculture companieswho can venture
into the production of biodiesel from coconut oil to cut
dependenceonfossil fuel, while obtaining carbon credits
in the process.

Scientists, including expertsin the Philippine Coconut
Authority (PCA), havelong known that coconut oil can
be converted into high-grade biodiesel. In the book
“Biofuels from Philippine Plants’ that was published
by the Asia-Pacific Biofuels Corp., it wasreported that
“coprahas 63 to 68 percent oil, no more than 6 percent
water, and a free fatty acid content of less than 1
percent.” Moreover, thebook says: “ Coconut oil, cracked
at high temperatures, can yield nearly 50 percent motor
fuel anddiesd oil ...” Coconut oil could thusbeavery
good candidate from thisviewpoint, and could become
amajor player inbiodiesel supply in developing tropical
countrieslikethe Philippines.

On Oct. 4, 2023, the Marcos administration declared
itsgoal of planting 100 million coconut treesby 2028. A
budget of P2.4 billionisbeing asked to improve nationa
coconut production, including the massivereplanting to
produce 8.4 million seedlings. The new trees are to be
planted mostly in the Visayas and Mindanao regions.

When the coconut productsthat result from thismassive
replanting program are processed, a large portion of
the output can be set aside for non-food use, such as
producing biodiesel to fuel the Philippine transport
industry from busesto container ships. Whileimported
fossil diesel isseen to continue dominating the domestic
fuel market for transport, the emerging bio processing
technologies and climate change incentives could lead
toagradua replacement programin favour of biodiesel.

January - December 2023 & 2024
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With the replanting program, it is estimated that the
Philippinescan easily doubleits production of 1.6 million
tons of coconut oil per year. This doubling of output
could result in the Philippines producing more
hydrotreated vegetable ail, portions of which could be
shared with the transport industry as 100 percent
“green” fuel. On the shipping side alone, there will be
opportunities to shift to the use of biodiesel. Building
biodiesal storagetanksinforeign ports could bethe next
step.

There have al so been interesting numbers on the ability
of 100 million coconut trees to sequester carbon
emissions, which means obtaining more carbon credits.
According to the PCA, 100 million coconut trees will
require 700,000 hectares planted at 143/trees per
hectare. Each hectare of mature coconut trees
sequesters 12.81 tonstCO2e (carbon dioxide equival ent)
per hectare per year. Using this assumption, 700,000
hacan sequester closeto 9 million tonstCO2e per year.
Assuming one ton of tCO2eisworth $33 based on the
Singapore carbon market, close to $300 million worth
of tCO2e could be sequestered per year.reHuge
corporationslike Bayer, GSK, SAP, Standard Chartered,
Unilever, among others, are in a position to advance
carbon credit financing, according to carbon traders.
They could perhaps be joined by large Philippine
agribusiness and infrastructure companies to serve as
a platform for a sustainable biodiesel industry in the
country.

4. Breakthrough in cost-effective
production of cultivated meat (by
Pranjal Malewar published in Tech Explorist,
August 21, 2024)

Cdllular agricultureaimsto supply theincreasing market
for animal products. However, because present
production technology produces low yields, economic
projections prevent the scalability of cultivated meat. A
new study from amultidisciplinary team at the Hebrew
University of Jerusalem and the cultivated meat industry
reported a pioneering new method for producing
cultivated meat. This new continuous manufacturing
process addressesthe key challenges of scalability and
cost, potentially making cultivated meat accessible to
everyday consumers and contributing to a more
sustainable and ethical food system. Scientists used

tangential flow filtration (TFF) to continuously
manufacture cultivated meat, producing biomass of up
to 130 hillion cells per litreand yielding 43% weight per
volume,

The processwas carried out continuously over 20 days,
enabling daily biomass harvests. The study also presents
agrowth medium with no animal components and costs
only $0.63 per litre. Thismedium isdesigned to support
chicken cells' high-density, long-term culture. Put
differently, this continuous manufacturing approach
could make farmed meat production more affordable
and simpler, making it more accessible to general
consumers. The study shows that continuous
manufacturing enables cultivated meat production at a
fraction of current costs without resorting to genetic
modification or mega-factories. Thistechnology brings
us closer to making cultivated meat a viable and
sustainabl e alternativeto traditional animal farming.

This study is a significant advance in the economic
feasibility of cultivated meat. Using empirical data,
scientists conducted a techno-economic analysis of a
hypothetical 50,000-liter production facility. Based on
analysis, the cost of production of cultivated chicken
could be reduced to $6.20 per pound. Dr Elliot Swartz,
Principal Scientist at Cultivated Meat, The Good Food
Institute, emphasized the significance of the study’s
findings, stating, ” This important study provides
numerous data points that demonstrate the economic
feasibility of cultivated meat. The study confirms
early theoretical calculations that serum-free media
can be produced at costs well below $1/L without
forfeiting productivity, a key factor for cultivated
meat achieving cost-competitiveness.” “ Empirical
data is the bedrock for any cost model of scaled
cultivated meat production, and this study is the first
to provide real-world empirical evidence for key
factors that influence the cost of production, such
as media cost, metabolic efficiency, and achievable
yields in a scalable bioprocess design.”

Other authors noted, ” Various other factors would
affect the final market price of cultivated meat; this
research underscores the potential of continuous
manufacturing to significantly lower production
costs, making cultivated meat more accessible to
consumers and competitive with conventional meat
products.” Along with promising cellular agriculturein
meeting the global demand for animal products, this
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study aligns with broader environmental and ethical
objectivesby reducing reliance on traditional livestock
farming.

This technological innovation may significantly
impact food security, safety, and animal welfareto meet
the needs of a world population that is becoming
increasingly impacted by climate change. The study’s
implications for humanity’s future are likely to spark
intense interest from a wide range of academic fields
and the media.

5. Engineering Lipid Nanoparticles for
Enhanced MSUD Treatment (Reviewed
by Lexie Corner, August 23, 2024 in AZO Nano)

A ground-breaking study by researchers at the
University of Pennsylvania and Moderna has shown
that repeated mRNA therapy can significantly improve
survival and reduce leucine levelsin amouse model of
maple syrup urine disease (MSUD). This promising
approach, which utilizeslipid nanoparti cle-encapsul ated
MRNA, offers hope for patients with this rare genetic
disorder. The study has been published in Human Gene
Therapy. When the researchers, headed by James
Wilson, MD, Ph.D., of the University of Pennsylvania's
Perelman School of Medicine, assessed a lipid
nanoparticle-based treatment strategy, they considered
all potential genetic mutations that can cause MSUD.

Theinvestigators stated, “ Repeated intravenous delivery
of lipid nanoparticle-encapsulated mRNASs encoding
hBCKDHA, hBCKDHB, and hDBT increased survival
and body weight, and decreased serum leucine levels
in a hypomorphic MSUD mouse model that survives
until weaning without clinical intervention. Repeated
administration of LNP-encapsulated mRNAS may
represent a potential long-term universal treatment
approach for MSUD.”

In another recent study from Dr Wilson’s lab,
researchers discovered a novel family of adeno-
associated virus (AAV) variants with favorable
biodistribution properties. These variants may be useful
for targeting tissues other than the liver, like the heart.

Capsid engineering effortsaim to reroute in vivo AAV
biodistribution away from the liver toward disease-
relevant peripheral organs to improve both the safety

and cost of AAV genetherapy. When compared to wild-
type AAV9 in mice, one recently discovered variant
showed aten-fold increasein cardiac RNA expression
and asix-fold decrease in liver RNA expression.

6. Health Impact of Processing
Contaminants in Supplementary
Foods for Food-lnsecure Regions
(Food Safety Magazine Editorial Team, August
26, 2024)

The Food and Agriculture Organization of the United
Nations (FAO) recently published areport on food
safety in the context of limited food availability, which
specifically coversdietary exposureto toxic fatty acid
esters from supplementary foods provided by
humanitarian organizationsto treat malnutrition.

Lipid-based nutrient supplements (LNS) and ready-to-
use therapeutic food (RUTF) are fortified foods
designed to prevent and treat malnutrition in children,
and although they are often delivered to regions
experiencing food insecurity by humanitarian
organizations, LNS and RUTF are often produced
locally. Before consumption or usein productslike LNS
and RUTF, all edible oils must be refined to remove
undesirable substances and create a palatable, shelf-
stable product—a processthat can lead to theformation
of heat-induced contaminants such as 3-
monochloropropane-1,2-diol (3-MCPD) fatty acid esters
and glycidol fatty acid esters (GES). High levels of
these chemicals aretypically observed in refined palm
oil, whichiscommonly used in the manufacture of LNS/
RUTF products.

In 2018, the EU set maximum limitsfor GEs expressed
asglycidol ininfant formulaand foodsfor specia medical
purposes intended for infants and young children, as
well as vegetable oils and fats intended for consumer
useor asaningredient in food. These regulationswere
expanded in 2020 to include free 3-M CPD and itsfatty
acid estersin the same products, and in 2024, thelimits
for 3-MCPD were lowered. Currently, the only
existing Codex Alimentarius standard for 3-MCPD
regards liquid condiments containing acid-hydrolyzed
vegetable proteins, while no Codex standards are
availablefor GEs.
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According to arecent risk assessment of 3-MCPD and
fatty acid estersin nutrient supplementsand therapeutic
food, the lifetime average daily dose (LADD) would
not exceed the EU provisional maximumtolerabledaily
intake (PMTDI) of 2.4 micrograms per kilogram (ig/
kg) body weight, given that thetotal 3-M CPD equivalent
concentrations in LNS/RUTF did not exceed 382 ig/
kg. The estimated increase in incremental lifetime
cancer risk (ILCR) attributable to GEs exposure from
LNS/RUTF would not exceed one case in 100,000, if
GE concentration in the products does not exceed 164

ig/kg.

Therisk assessment estimates were based on 12 months
of exposure to RUTF as the sole source of nutrition,
which is considered an extreme scenario. Any LNS/
RUTF exposure period of less than 12 months would
increase the tolerated concentrationsfor both 3-MCPD
and GEs.

Overall, even though FAO’s risk assessment of 3-
MCPD and GEs in LNS/RUTF estimated a level of
exposure that is of low concern to public health, FAO
urges manufacturersof LNS/RUTF to strivefor process
improvementsto limit exposure to these contaminants
as much as possible.

7. Role of Prenatal Fish Consumption
on Autism Diagnosis (Published in Drexel
News, September 3, 2024)

The Food and Drug Administration (FDA), the
Environmental Protection Agency (EPA) and the
Dietary Guidelines for Americans recommend that
pregnant peopl e eat at least two to three servings (about
eight to 12 ounces) of a variety of seafood a week to
obtain theimportant nutrientsthat aid in the baby’sbrain
development. However, prenatal fish consumption inthe
U.S.isgeneraly low.

Led by researchers from Drexel University’'s A.J.
Drexel Autism Institute, Harvard Medical School and
Harvard Pilgrim Health Care Institute, a recent study
aimed to examine associations of prenatal fish
consumption and omega-3 supplement use with autism
diagnosis and broader autism-related traits in
children. The NIH Environmental Influences on Child
Health Outcomes (ECHO) program sponsored

research was recently published in The American
Journal of Clinical Nutrition.

“ Studies examining how both prenatal fish consumption
and omega-3 supplement use are associated with autism
spectrum disorder (ASD) and related traitsarelacking,”
said Kristen Lyall, ScD, an associate professor in the
A.J. Drexel Autism Institute and co-author of the study.

The study results showed a continuation of previous
work that suggeststhat prenatal fish consumption, but
not omega-3 supplement use, may be associated with a
lower likelihood of both autism diagnosis and related
traits. Lyall and co-author Emily Oken, M D, aprofessor
inHarvard Medical School and Harvard Pilgrim Health
Care Institute, added that given the low fish intake in
the United States general population and the rising
autism prevalence, these findings suggest the need for
better public health messaging regarding guidelineson
fishintakefor pregnant individuals.

“This study provides yet more evidence for the safety
and benefit of regular fish consumption during
pregnancy,” said Oken. “ Other proven benefitsinclude
lower risk for preterm birth and improved cognitive
development. Pregnant people should aim to consume
avariety of fish types at least twice weekly.”

The study al so showed that the associations of fishintake
and lower autism prevalence were somewhat stronger
for female children. However, the associations did not
show a dose-response pattern, suggesting a possible
threshold effect of fish intake or the role of other
nutrients in fish. Additionally, intake of supplements
containing fish oil/omega-3 fatty acids during pregnancy
was not associated with autism diagnosis or autism-
related traits.

Researchers examined maternal fish consumption of
10,800 pregnant people, enrolled in 23 ECHO research
sites, and omega-3/fish oil supplement use of 12,646
pregnant participants, at 35 ECHO research sites, for
associationswith clinician-diagnosed autism and parent-
reported autism-related traits measured by parents or
caregiverswith the Social Responsiveness Scale (SRS)-
Second Edition. Information on fish consumption and
omega-3 supplement use was collected from pregnant
participants between 1999 to 2020.

Analysisof the ECHO Cohort datafound that around a
quarter of the pregnant participants reported no fish
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intake during pregnancy. Even fewer participants
reported taking omega-3 supplements.

Lyall and Oken said that the study suggests the need
for continued public health efforts to encourage fish
intake during pregnancy, accounting for types of fish
with the lowest risk of toxicants (like mercury), and
that the study supportstheroleof prenatal diet in autism-
related outcomesin children.

8. Lipid biomarkers in children with
obesity linked to future
cardiometabolic risks (Reviewed,
University of Copenhagen — The Faculty of
Health and Medical Sciences, September 20,
2024)

Scientists from the University of Copenhagen have
detected lipid biomarkersin children and teenagerswith
obesity that indicate anincreased risk of devel oping type
2 diabetes, liver and heart disease as adults. A one-
year lifestyle intervention lowered the levels of these
lipid biomarkers, which demonstrates the importance
of early intervention for children with obesity. The study
ispublishedinthe prestigiousjourna Nature Medicine.

The number of children and teens with obesity is
increasing worldwide, with over 250 million expected
to be affected by 2030. Itisamajor public health crisis,
as children with obesity risk developing insulin
resistance, fatty liver, and high blood pressure, which
may lead to diseases such as cardiovascular disease,
type 2 diabetes and liver disease, later in life.

Scientists think these diseases can be triggered by
changesin the body’s lipids — awide range of fats and
oilsin the body including triglycerides and cholesterol
that serve many purposesincluding energy storage and
cellular signalling. But it isstill not well understood how
lipid species changein children with obesity, and how
they arelinked to early cardiometabolic complications.

Now, scientists at the University of Copenhagen have
discovered that lipid specieslinked to cardiometabolic
disease in adults are strongly associated with
cardiometabolic risk factorsin children and teenagers
with obesity. The findings could pave the way for tests
that serve as an early warning system for
cardiometabolic disease.

“Our study shows that the impact of cardiometabolic
associated lipid speciesemergesearly inlifein children
with obesity, particularly affecting liver function and
glucose metabolism. These risk lipid species could
potentially be explored further as biomarkers for
diagnosing or predicting cardiometabolicrisk in children
at high risk, offering new insights for early detection
and intervention,” says Postdoc Yun Huang from the
Novo Nordisk Foundation Center for Basic Metabolic
Research at the University of Copenhagen, and co-first
author of the study in Nature Medicine.

The scientists made their discoveries by drawing on
the HOLBAEK Study biobank of more than 4,000
children with and without obesity. at the Children’s
Obesity Clinic at Holbaek Hospital. Together with
scientists at Steno Diabetes Center Copenhagen, they
harnessed powerful mass spectrometry technology to
map hundreds of individual lipid species, each with
distinct structures and functions, providing a detailed
pictureof lipid metabolism. By analyzing the differences
inthelipid profiles of 958 children with overweight or
obesity and 373 who had normal weight, they gained
deepinsight into obesity altered lipid profilesand their
link to cardiometabolic risk, and the ability to detect
excessivefat in theliver.

To see how the lipid profiles of the children and
teenagerswould respond to alifestyleintervention, 186
participants who underwent a one-year obesity
management program at the Children’s Obesity Clinic
were examined before and after the treatment. The
clinic is an accredited European Centre for Obesity
Management that practices the Holbaek Obesity
Treatment method, which comprisesarange of lifestyle
recommendations. Eighty-three percent of participants
reduced their weight, and the scientists discovered that
levels of harmful lipids had clearly reduced alongside
the weight loss. These changesin lipid species play a
role in explaining the link between weight loss and
improvementsin cardiometabolic traits.

Thisstudy reinforcesthe need to treat childhood obesity
far more serioudly, asit increasestherisk of developing
arange of diseasesthat |lower quality of life. Thankfully,
we have shown that early intervention can reverse the
risk and allow children and teenagersthe possibility of
living long disease-freelives as adults.
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Navigating the futur e of oilseed processing in a climate-consciousera

D Mathur
Director, FARE Labs Pvt Ltd, Gurugram
dmathur@farelabs.com

Inanindustry rooted in maximizing agricultural value,
oilseed processing faces both an exciting transformation
and a mounting responsibility in the era of climate
change. The evolving demands from both consumers
and regulators for sustainability, innovation, and
transparency challengethe oilseed processing industry
to rethink itsapproacheswhile continuing to deliver high-
quality, functional products. For anindustry steepedin
tradition, the path forward lies in embracing
technological advancements that enhance efficiency,
reduce environmental impact, and maximizethe potential
of every component of the oil seed.

One of the primary shifts needed is a greater adoption
of green extraction technologies. Traditional methods,
like solvent extraction, are highly effective but come
with environmental and health concerns due to the
solvents used. Techniques like enzyme-assisted and
supercritical CO, extraction offer safer, more
sustainable aternatives, though they require significant
initial investment and adaptation. The challenge,
therefore, is to ensure these techniques are scalable
and economically feasiblefor small and large processors
alike. Collaboration between industry and research
institutions will be essential in advancing these
technologies and creating frameworks that facilitate
their wider adoption.

Value addition of its by-products also presents a
significant opportunity. Oilseed processing generates
substantial residual materials, often entrusted to animal
feed. However, advancementsin protein extraction and
isolation of bioactive compounds open new avenuesfor
creating high-value products for food, nutraceuticals,

and even biofuels. For example, proteinsand fibersfrom
oilseed residues can serve in plant-based food
innovations, meeting the rising consumer demand for
sustainable protein sources.

Moreover, as the oilseed industry seeks to align with
sustainable practices, carbon footprint reduction and
energy efficiency must be prioritized. Many companies
are now adopting energy-efficient machinery, waste heat
recovery systems, and even exploring renewabl e energy
sourcesfor processing. Such practices not only reduce
operational costsin thelong term but also enhance the
industry’s public image—acrucial factor asconsumers
increasingly scrutinizethe environmental impact of the
products they consume.

Transparency in sourcing and production isanother area
ripe for improvement. Certification programs and
traceability technol ogiesallow consumersto understand
the originsand environmental impact of their products.
For processors, these tools create opportunities to
differentiate their products based on sustainability,
fostering consumer trust in a competitive market.

In conclusion, the future of oilseed processing lies at
the intersection of technology and sustainability. By
investing in green extraction, maximizing the potential
of by-products, enhancing energy efficiency, and
building transparent supply chains, the industry can
continue to thrive in a climate-conscious world. As
stakeholders acrossthe supply chain work together, the
oilseed processing industry hasthe potential not only to
meet but to lead in setting sustainable standards for the
food and agriculture sectors.
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Bio-nanopesticides: A promising approach for the management of pestsand
diseasesin oilseed crops

Balwant SPaliya' and Harikesh B Singh®
Pharmacology Division, CSIR-National Botanical Research I nstitute, L ucknow-226001
2Somvanshi Research Foundation, 12 Sidhartha Residency-2, Kaushlesh Nagar, Varanasi-221005
* Corresponding Author: hbsl@rediffmail.com; somvanshi.rf @gmail.com

Abstract

The increasing global demand for oilseed crops
necessitates effective disease management practices
that are both sustainable and environmentally friendly.
While traditional chemical pesticides offer asolution,
their environmental impact, pest resistance, and threats
to non-target organisms emphasize the need for
alternative approaches. Bio-nanopesticides, which
harness nanotechnology aongside biological pest control
agents, present a novel and promising solution. This
review provides an overview of different types of bio-
nanopesticides, their mechanisms of action, and their
comparative advantages over chemical pesticides,
particularly for oilseed crop protection.

1. Introduction

Inagriculture, pestslikeinsects, pathogens, and weeds
cause significant crop yield losses (30—40%). Pesticides,
the primary solution, have limited efficiency, with <1%
reaching targets. Annually, 3 million tons are applied
globally, but most are lost to the environment through
leaching, runoff, and degradation (Pimentel, 2009; Zhao
etal., 2017).0ilseed crops, including soybean (Glycine
max), sunflower (Helianthus annuus), canola (Brassica
napus), and others, are essential for producing vegetable
oils, animal feed, and biofuels. However, these crops
are highly susceptibleto pest and wide array of diseases
caused by fungi, bacteria, and viruses which leads to
significant yield reductions[Bhattacharyya, Pet al 2021,
Chauhan, R et al 2022].

Phytophthora sojae is a water mold causing root and
stem rot in soybean. This pathogen is particularly
problematic in poorly drained, saturated soils and can
lead to plant wilting and death. Disease management
typically involves resistant cultivars and improved
drainage; however, pathogen diversity and adaptation

reduce the efficacy of resistance over time (Leandro
et al., 2018). Sclerotinia sclerotiorum, responsible for
Slerotinia stem rot in sunflower, affects various host
plantsand causesyield losses by damaging stems, which
leadsto plant lodging. This pathogen is challenging to
manage due to its prolonged soil persistence through
sclerotia (hard fungal structures), which remain viable
for years (Bradley et al., 2006). In canola,
Leptosphaeria maculans causes Blackleg, affecting
the plant at different growth stages, leading to stem
cankers and potential plant death. Alternaria blight,
caused by Alternaria brassicae, affects mustard by
creating leaf spots and can significantly reduce
photosynthetic activity, weakening plant productivity.
Among the most critical diseases are Phytophthora
root rot in soybean, Sclerotinia stem rot in sunflower,
blackleg in canola, and Alternariablight in mustard.

Although conventional chemical pesticides have been
the mainstay for controlling these diseases, they pose
risks, including the development of pathogen resistance,
ecological toxicity, and persistence in the environment.
Bio-nanopesticides, which leverage biological pest
control agentswith nanotechnol ogy, provide an effective
aternative. The ecofriendly nature of biopesticides has
garnered increasing interest from farmers and
researchers, leading to a significant expansion in their
global market potential. Biopesticides, derived from
natural materials like plants and bacteria, offer
ecofriendly pest control with minimal harm. According
to the US Environmental Protection Agency, they are
classified into biochemical, microbial, and plant-
incorporated protectants (USEPA, 2008).

Over the past decade, nanotechnology has shown
transformative potential in agriculture, especialy in
pesticide delivery. Nanomaterials' unique properties,
such as high surface-to-volume ratios and chemical
reactivity, enhance biopesticide formulations by
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increasing loading capacity, stability, and target affinity
while reducing required quantities. Nanoparticles may
also serve as bioactive agents (de Oliveiraet a ., 2014;
Singh et al., 2018; Rakshit et al., 2022; Yadav et al.,
2018). Thus, theterm “nanobiopesticide” highlightsits
environmentally friendly role in crop protection,
stemming from the natural origin of bioactive agents
and the biocompatibility of nanomaterialsused asactive
ingredients or carriers.

2. Typesof bio-nanopesticides

Bio-nanopesticides can be classified based on their
biological active agents, formulation types, and
mechanisms of action (Figure 1). Here are the primary
categories relevant to oilseed crop disease control:

2.1. Nano emulsion based for mulated biopesticides

These formulations use natural agents like plants
essential oils, plant extracts, or secondary metabolites
from microorganisms. By encapsulating these
compoundsin nanoparticles, their stability, solubility, and
efficacy are enhanced. In the context of biopesticides,
nanoformulations enable the efficient delivery of
essential oils and plant extracts without relying on
organic solvents. To date, nanoformul ations of various
plant essential oils have primarily been developed as
oil-in-water microemulsions or nanoemulsions.
Nanoemulsions are more effective due to their smaller
droplet size, which improves both the stability and
biocavailability of active constituents. When these are
nano-emulsified, their bioavailability and penetrationinto
plant tissues improve, making them more effective in
combating pathogens. These nano-emulsions are
biodegradable and cause minimal harm to non-target
species, promoting sustainabl e pest management.[Anjali
et a., 2012; Duarte et ., 2015; Mossa et a., 2018]

2.2. Microbial nanopesticides

Microbial agentssuch asBacillusthuringiensisor fungal
antagonistscan be delivered using nanocarriers, ensuring
higher survival rates of the microbes when applied to
plants. Bacillusthuringiensis (Bt), Trichodermaviride,
Metarhizium spp., Beauveria bassiana, and Nuclear
PolyhedrosisVirus (NPV) are key bioproductsin plant
protection. Bt, occupying 2% of theinsecticidal market,
targets specific insect species viastrain-specific toxins

(e.g., kurstaki, aizawai for lepidopteran larvae;
israelensis for mosquitoes). Baculoviruses (NPV, GV)
and entomopathogenic fungi like Beauveria spp. and
Metarhizium spp. are also effective against pests like
Heliothis and Spodoptera. Nanoparticles protect these
biocontrol agents from adverse environmental factors,
increasing their effectiveness against target pathogens.
[49-51]

2.3. Nanocarriers for RNA interference (RNAI)

RNA interference (RNAI) has become a potent tool in
pest and disease management, offering a high level of
target specificity. Nanocarriers enable the delivery of
double-stranded RNA molecules that silence specific
genes in pests or pathogens, impeding their ability to
grow or infect the plant. This strategy is particularly
useful against insectsor pathogensresistant to traditional
treatments. Due to the low hydrophilicity and net
negative charge of dsRNA, cationic nanocarriers have
garnered significant research attention. Das et al.
(2015) demonstrated promising outcomes using
chitosan, carbon quantum dots (CQDs), and amine-
functionalized silicananoparticlesfor dSRNA delivery.
Mitter et al. (2017) demonstrated the effective
delivery of dsRNA using layered double hydroxides
(LDHs), enabling plantsto resist viruses. This system
ensured sustained release, with dsRNA remaining on
sprayed leaves even after 30 days. A single application
of dsRNA-loaded LDHSs provided at least 20 days of
protection, including unsprayed new |eaves.

action of bio-

3. Mechanism of

nanopesticides

The effectiveness of bio-nanopesticides stemsfrom their
unique mechanisms of action, which include:

e Enhanced target specificity: Nanoformulations
allow bio-nanopesticides to be tailored to target
specific pathogens. For instance, RNAi-based
nanocarriers can deliver genetic material that
silences essential genes, effectively suppressing
pest or pathogen populations without affecting
beneficial organisms.

e Controlled release and stability: Encapsulation
of bioactive agents in nanoparticles facilitates
controlled release, maintaining effective
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concentrations over extended periods. The
nanoparticles also protect these agents from
environmental degradation, such as UV radiation
or hydrolysis, which can significantly decreasethe
active agent’s effectiveness.

e Improved uptake and distribution:
Nanoparticlesincrease the solubility and mobility
of bioactive compounds, especially those that are
hydrophobic, improving their absorption into plant
tissues. This allows the active agents to reach
systemic pathogensor target peststhat inhabit inner
plant tissues.

e Disruption of quorum sensing: Some bio-
nanopesticidesinhibit quorum sensing (QS), acell-
to-cell communication process essential for biofilm
formation and virulence factor production in
bacterial pathogens. By disrupting QS, these bio-
nanopesticides prevent pathogensfrom effectively
colonizing and infecting oilseed crops.

4. Advantages of bio-nanopesticides over
chemical pesticides for sustainable
oilseed crop production

The use of chemical pesticidesin agriculture has long
been the dominant strategy for pest and pathogen
control; however, the adverse environmental and health
effects have spurred significant research into more
sustainable alternatives. Among these, bio-
nanopesticides are emerging as a promising substitute
for chemical pesticides, offering numerous advantages
such as environmental safety, reduced pest resistance,
minimal impact on non-target organisms, cost-
effectiveness, and promotion of plant growth and
resistance (Table 1). This article explores these
advantages in detail, specifically for the sustainable
production of oilseed crops, asector heavily dependent
on effective pest management.

4.1.Environmental safety and biodegradability

One of the most compelling advantages of bio-
nanopesticides over chemical pesticides is their
enhanced environmental safety and biodegradability.
Chemical pesticides are known to persist in the
environment, leading to contamination of soil and water
resources. Persistent organic pollutants (POPs) from

chemical pesticides can bioaccumul ate and biomagnify
through thefood chain, posing risksto biodiversity and
human health. In contrast, bio-nanopesticides are
derived from natural sources, such as plant extracts,
microbia metabolites, or organic compounds, which are
inherently biodegradable. Nano-encapsulation
techniquesfurther enhance the stability and efficacy of
bioactive compounds while ensuring that these
compounds degrade into non-toxic byproducts. This
biodegradabl e nature minimizesenvironmental pollution,
reduces the risk of bioaccumulation, and prevents
contamination of water bodies and ecosystems (Kah et
al., 2018). Bio-nanopesticides thus align with the
principles of sustainable agriculture, preserving soil
health and promoting ecological balance essential for
long-term crop productivity.

4.2. Reduced resistance development

A major issue in conventional pesticide use is the
development of resistance in pests and pathogens.
Chemical peticidestypically target specific biochemical
pathways, leading to a high probability of resistance
through genetic mutationsin thetarget organisms. This
resistance development reduces the effectiveness of
pesticides, often necessitating higher doses or more
toxic alternativesto control the same pest popul ations.
Bio-nanopesticides, however, offer a multifaceted
approach to resi stance management. For example, RNA
interference (RNAI)-based pesticides delivered via
nanoparticle carriers can target essential genes unique
to pests or pathogens, making it difficult for them to
developresistance (Zhu et al., 2020). Additionally, bio-
nanopesticides caninteract with multiplecellular targets,
unlike single-target chemical pesticides, reducing the
likelihood of resistance. The diverse mechanisms of
action and the ability to manipulate the biochemical
interactions with pests and pathogens provide bio-
nanopesticides a distinct advantage in sustainable pest
management strategies for oilseed crops.

4.3. Minimal impact on non-target organisms

Chemical pesticides often cause collateral damage to
non-target organisms, including pollinators, soil microbes,
and natural pest predators, which play acrucial rolein
maintaining ecological balance. This non-specific
toxicity can lead to adeclinein biodiversity, disrupting
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ecosystem services vital for agriculture, such as
pollination and natural pest control. Bio-nanopesticides,
however, can be designed for specificity, targeting only
specific pests or pathogens. For instance, RNAi-based
bio-nanopesticides can be tailored to silence genes
essential only to the target pest, leaving non-target
organisms unaffected (Joga et a., 2016). Moreover,
nano-encapsul ation enables controlled release, ensuring
that the bioactive compounds are delivered only where
needed, minimizing off-target effects. This specificity
preserves beneficial organisms, thereby maintaining
ecosystem biodiversity and supporting sustainable
agricultural practices that enhance oilseed crop
productivity.

4.5, Cost-effectiveness and efficiency

The cost-effectiveness of bio-nanopesticides stemsfrom
their enhanced stability, controlled rel ease mechanisms,
and efficacy at lower doses. Nano-encapsulation
protects bioactive compounds from premature
degradation due to environmental factors such as
sunlight, temperature, and humidity, extending their shelf
lifeand field efficacy (Sharmaet al., 2019). Thisstability
enables lower application rates and reduces the
frequency of pesticide applications, decreasing labor
and materia costs. For smallholder farmers, in particular,
bio-nanopesticides offer an economically viable solution
for pest management in oilseed crops. The reduced
dosage and frequency contribute to lower overall
production costs, and the sustained release of active
ingredients ensures prolonged protection against pests.
Additionally, as bio-nanopesticides promote plant health
and growth, they may reduce the need for other
agricultural inputs, further enhancing their cost-
effectiveness.

4.6.Promotion of plant growth and resistance

In addition to pest control, certain bio-nanopesticides
exhibit plant growth-promoting properties. For example,
chitosan, a naturally occurring biopolymer, has been
shown to induce systemic resistance in plants and
stimulate growth, making it aval uable bio-nanopesticide
component for oilseed crops (Bautista-Barios et a.,
2016). Chitosan nanoparticles not only act asantifungal
agents but also trigger innate immune responses in
plants, enhancing their ability to withstand pathogen
attacks and environmental stressors. This dual

functionality of bio-nanopesticides, both as pest
management agents and as plant growth promoters,
makes them highly advantageous. By enhancing plant
resilience and yield potential, bio-nanopesticides
contribute to increased crop quality and productivity,
supporting the overall goal of sustainable agriculture.
Enhanced resistance to diseases and pests reduces
dependence on external inputs, making bio-
nanopesticidesanintegral component of integrated pest
management (IPM) strategies.

5. Applications of bio-nanopesticides in
oilseed crop disease management

5.1. Nano-encapsulated azadirachtin in sunflower
disease management

Azadirachtin, an active compound extracted from neem,
is known for its potent insecticidal and antifungal
properties. However, its sensitivity to environmental
degradation has limited its effectiveness. Nano-
encapsul ation of azadirachtin increasesits stability and
ensures controlled release, making it more effectivefor
field applications. Studies have shown that nano-
azadirachtin reduces fungal spore germination and
promotes disease resistancein sunflower plants, leading
to better crop health and yield (Selvargj et a., 2021).

5.2.Chitosan nanoparticles in soybean disease
control

Chitosan nanoparticles exhibit natural antifungal
properties, making them effectivein managing diseases
in soybean crops. Phytophthora sojae, a significant
pathogen in soybean, has shown susceptibility to chitosan
nanoparticles, which inhibit pathogen growth and
stimulate soybean plant immunity. Beyond pathogen
suppression, chitosan nanoparticles promote root and
shoot growth, enhancing soybean plant resilience and
yield (El Hadrami et al., 2010).

5.3.RNAi nanocarriers
pathogens in canola

targeting fungal

One of the most advanced applications of bio-
nanopesticidesisthe use of RNAI technology delivered
through nanocarriers. This approach has been used to
target genes essential for the survival of Leptosphaeria
maculans, the pathogen responsiblefor blackleg disease
in canola. RNAI-loaded nanoparticles silence specific
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Nano-emulsion RNAIi
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Figure 1. Varioustypes of bio-nanopeticides
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genes critical for fungal growth, resulting in precise
pathogen suppression with minimal impact on non-target
organisms. The precision of RNAi-based bio-
nanopesticides makes them particularly valuable in
canola production, reducing the disease burden while
preserving environmental and agricultural sustainability
(Reddy et al., 2016).

Conclusion

The advantages of bio-nanopesticides over traditional
chemical pesticidesareevident intermsof environmental
safety, reduced resistance devel opment, specificity for
target organisms, cost-effectiveness, and dual
functionality in promoting plant growth. Their gpplication
in oilseed crops such as sunflower, soybean, and canola
demonstratestheir potential to sustainably manage pests
and diseaseswhile enhancing crop productivity. Asbio-
nanopesticide technology continuesto advance, it holds
the promise of becoming a cornerstone of sustainable
agriculture, aligning with global goals for reduced
chemical inputs, biodiversity conservation, and long-term
agricultural productivity.
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1. Mediterranean Diet for Cognitive

Health:

Following aMediterranean diet rich in unsaturated
fats (like olive oil) has been associated with
improved brain health, particul arly athicker cortex,
whichisvital for cognitivefunction. Thisdiet may
help reduce Alzheimer’s risk due to its anti-
inflammatory and antioxidant effects. Researchers
emphasize that diet can influence Alzheimer’s
indirectly by impacting other risk factorslike heart
disease and diabetes (published in Oils and Fats
Update, January 2024).

. Monounsaturated Fatsin High Oleic
Oils:

Qilshighin monounsaturated fats, suchashigh oleic
sunflower oil, show promise for cardiovascular
health dueto their ability tolower LDL cholesterol.
DrAllan GreenfromAustraliapointsout that highly
monounsaturated oils are being developed to
provide healthier alternatives to conventional
vegetable oils (published in Oils and Fats
Update, January 2024).

Fats Rolein Hormone Regulation:

Research on dietary fats indicates they play an
essential role in hormone regulation, influencing
metabolism and mood. Diets too low in fat can
disrupt hormonal balance, affecting everything from
mental health to immune function. Omega-3-rich
fish oil and certain plant oils help maintain this
balance effectively (published in Oils and Fats
Update, January 2024).

Plant Oilsvs. Animal Fats:

Studies consistently support the benefits of
replacing animal fats with plant-based oils,
particularly for heart health. For example, arecent
meta-analysis involving over 56,000 participants
found that dietshighin unsaturated fatsfrom plants,
such as olive oil, were associated with healthier
blood lipid profiles, lower cardiovascular disease
risks, and reduced type 2 diabetes incidence.
Conversely, saturated fatsfrom sourceslike butter

had anegativeimpact, increasing markersfor heart
disease and metabolic issues (published in Nature
Medicine 30, 2867-2877, 2024).

. Variety in Fat Sources:

Newer research emphasizes that a diet rich in
diverse fat types may be more beneficial than
focusing on a single source. A large-scale study
in Nutrients found that consuming a variety of
fats—especially unsaturated fats like
monounsaturated (MUFAS) and polyunsaturated
fats (PUFAS) found in nuts, seeds, and fatty fish—
was associated with longer lifespan and reduced
heart diseaserisks. Saturated fats, particularly from
red meat, were more strongly linked to cancer risk
(published in Nutrients 16, 152, 2024).

Brown Fat and Metabolic Health:

Research into brown fat (which burns calories to
produce heat) has led to insights on metabolic
health. Scientists recently identified a molecular
“off-switch” for brown fat that could influence
obesity and metabolic conditions. This discovery
could open avenuesfor therapiestargeting weight
management by regulating brown fat activity
(published in ScienceDaily, 29 April 2024).

Innovations in Lipid Nanoparticles

' for Drug Délivery:

Lipid nanoparticles (LNPs) haverevolutionized the
delivery of mRNA vaccines, particularly evident
during the COVID-19 pandemic. Researchers are
optimizing LNP formulations to enhance stability
and immune response. Modified lipids with
improved characteristics are being tested for better
cellular uptake (published in Advanced Drug
Delivery Reviews, 182, 114094, 2023).

. TheRoleof Lipidomicsin Metabolic

Disorders:

Lipidomics is gaining traction in identifying
biomarkers for metabolic diseases. Ongoing
research focuses on how aterationsinlipid profiles
can indicate the onset of conditions like diabetes
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and obesity, leading to personalized therapeutic
strategies (published in Trends in Analytical
Chemistry, 158, 97-106, 2023).

. Re-evaluating Dietary Fats and
Cardiovascular Health:

Recent studiesare challenging traditional viewson
saturated fats, suggesting moderate intake may not
adversely affect heart health as previously thought.
This shift prompts a re-evaluation of dietary
guidelines concerning fat consumption (published
in European Journal of Clinical Nutrition,
77(2), 267-280, 2023).

10.Targeting Lipid Metabolism in

Cancer Therapy:

Altered lipid metabolism is a hallmark of cancer
cells, making it a potential target for therapy.
Research is exploring how manipulating lipid
pathways can inhibit tumor growth and promote
cancer cell death (published in Nature Reviews
Cancer, 23(1), 55-70, 2023)

11.0mega-3 Fatty Acids in Mental

Health:

Emerging evidence suggests omega-3 fatty acids
play asignificant rolein managing mood disorders.
Clinical trials are investigating their efficacy in
reducing symptoms of anxiety and depression,
highlighting their potential as a supplementary

treatment (published in Psychiatry Research,
320, 1016, 2023).

12.Lipid-Based Drug Formulations for

Enhanced Bioavailability:

Innovationsin lipid-based formulations are being
explored to improve the bioavailability of poorly
solubledrugs. Thisresearch focuseson developing
self-emulsifying formulations that enhance
absorption and therapeutic efficacy (published in
European Journal of Pharmaceutics and
Biopharmaceutics, 177, 178-190, 2023).

13.Impact of Dietary Fats on the Gut

Microbiome:

Dietary fatssignificantly influence gut microbiome
composition, which hasimplicationsfor metabolic
health. Recent studies suggest specific types of
fats can modulate gut bacteria, affecting overall
health and disease susceptibility (published in Gut
Microbes, 15(1), 170520, 2023).

14.Applications of Phospholipids in

Food Technology:

Phosphoalipidsare being utilized in food technol ogy
toimprovetexture, stability, and shelf-life. Research
isfocusing on their emulsifying properties, which
can enhance the sensory qualities and nutritional
profiles of food products (published in Food
Research International, 164, 112042, 2023).
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Towardsself sufficiency in production and consumption of
edible oils by 20307?

Dr P Rethinam
Plantation Crops Management Specialist & Formerly, Director, National research Centre for Oil Palm,
Pedavegi; Asst. Director General-Plantation Crops, ICAR, New Delhi; Chairman, Coconut Devel opment
Board, Kochi, GOI; Executive Director, Asian and Pacific Coconut Community, Jakarta, Indonesia.
18 Lakshmi Nagar, S.N.Palayam, Coimbatore 641003, Tamil Nadu, India.
Mail : palms02@hotmail.com; dr.rethinam@gmail.com

1. Introduction

Edible Oilsaredefined as‘ food substance, , of whatever
origin, source, a composition that is manufactured for
human consumption wholly or in part from afat or oil
other than that of milk/ dairy product .Traditionally,
Indians have used two broad types of edible oils: the
first was ‘vegetable' oil obtained from crushing local
oilseeds- mustard in northern and eastern India;
groundnut in Gujarat, Maharashtra, Karnataka and
AndhraPradesh; sesame and groundnut in Tamil Nadu;
and coconut in Kerala — in what was known as
“Kachchi-ghanis’ (bullock driven cold presses). The
second cooking oil mediumwas'‘ animad’ fat, mainly desi-
ghee prepared from milk. India’ s monthly requirement
of edibleail isabout 1.9 milliontonnes. Of late, pam ail
isalso being use and gained importance aslargest used
edible oil inthe country.

Indiais the largest producer of oilseedsin the world,
which occupies an important position in the country’s
economy. The country accounts for 12-15 % of
global oilseeds area, 6-7% of vegetable oils production,
and 9-10 % of thetotal edible oil consumption. Indiais
also the bulk importer of edible oil to atune 16 million
tons of which palm ai isthe largest quantity spending
amost Rs. 70,000 crores. To achievethiseconomic self-
sufficiency, the country had made several attemptslike
increasing the area under oilseeds, developing new
varieties and technologies including drip irrigation to
increase the productivity and total production. For
implementation of programmes at a faster pace, a
Technology Mission on Oilseeds (TMO) wasformulated
with four micro missions. Besides the nine annual

oilseed crops two perennial crops viz coconut and oil
palm were included. Aspects related to coconut were
taken up by the Coconut Development Board, while
that of Oil palm wastaken up as Oil Palm Devel opment
Programme (OPDP) by the Ministry of Agriculture,
Cooperation and Farmers Welfare. TMO slowly
underwent dilution as TM OP by adding pulsesand then
maize etc The Mission headed by a Special Secretary
waschangedto Additional Secretary level. TMOPcame
under the name of ISOPAM and later NMOOP. Merger
of NMOOP under NFSM: National Mission on Oilseeds
& Oil Palm (NMOOP) was launched in 2014-15 and
continued up to 2017-18 to augment the availability of
vegetable oilsand to reduce theimport of edible oils by
increasing the production and productivity
of oilseeds and area expansion of oil palm. While this
was going on one side, the edible oil import bill also
went up every year since edible oil consumption is
income el astic and the people affordability hasincreased
due to income increase. Let us see the production and
consumption of global edible oil as well as Indian
scenario, examine the various efforts being made to
attain self-sufficiency and suggest additional
modifications required to reach the goal.

2. World Production of Vegetable Oils

Thetotal world production of vegetable oils more than
doubled between 2000 and 2017, to 191 millionMT in
2017. Thisis99 million MT morethan produced during
2000.Theproduction of major vegetableoilsfrom 2012-
13 to 2019-2020 is presented in Table 1 and the
percentage contribution by various countries are
depictedin Fig.1and 2.
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Tablel.Production of major vegetable oils worldwide from 2012-13 to 2019-20, by type (in million MT)

Year Palmoil | Soybean [ Rapeseed | Sunflower [ Palm | Peanut | Cotton [Coconut | Olive| Total
seed |Kernel seed
2012-13 | 56.38 43.10 25.69 12.90 6.72 | 547 5.22 3.62 2.50 | 161.60
2013-14 | 59.34 4513 27.26 15.52 713 | 567 5.17 3.38 319 | 171.79
2014-15 | 61.64 49.06 27.63 14.91 739 | 554 5.13 3.37 254 | 17721
2015-16 | 58.92 51.56 27.34 15.40 718 | 543 4.25 3.34 3.13 | 176.55
2016-17 | 65.34 53.82 27.55 18.19 783 | 571 4.38 341 2.61 | 188.84
2017-18 | 70.58 55.09 28.06 18.53 853 | 591 5.09 3.67 3.27 | 198.73
2018-19 | 74.02 55.64 27.68 19.34 8.87 | 5.86 4.97 3.74 3.25 | 203.37
2019-20 | 72.27 56.32 27.30 21.20 873 | 6.05 512 3.62 3.12 | 203.73
Source: Statista2021

Globally, palm oil production isthe highest and made tremendous progress compare the second largest production
of soyabean followed by Rape seed and sunflower oil. Even during 2023-24 the sasmetrend isseen ( Fig 1 s).

200
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Production in
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® Palm @ Soybean Rapeseed ® Sunflowerseed
@ Palm Kernel Peanut @ Cottonseed ® Coconut
@ Olive

Fig.1 .Production of major vegetable oils worldwide from 2012/13 to 2023/2024, by type
(in million metric tons)
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The production of vegetable oil is dependent on the wherein palm oil had the highest volume of production
crushing of oilseeds and the production of perennial at 72.27 million MT (i.e.,35.5 %) followed by soybean
tropical oil plants, particularly, palmoil. Theglobal palm oil at 56.32 millinMT(i.e.,27.6%).

oil production has exceeded the production of other
edibleailsin thelast decade. The global production of
vegetable oil during 2019-20 was 203.73 million MT,

The production trend of Palm oil during 2018-19 and
2019-20isdepictedinFig.3.

'WORLD PRODUCTION OF VEGETABLE OILS, MAIN COMMODITIES
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Fig.2.World production of vegetable oil Fig.2. Percentage contribution
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+ Indonesia and Malaysia are major Palm oil producers in the world.

Fig.3.Production trend of palm oil during 2018-19 and 2019 -2020 in major Oil Palm growing countries
Indonesia and Malaysia are the two leading countries producing bulk of palm oil.
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Global Edible Oil Market

The global edible oil market is estimated to grow at a
CAGR of 3.57% from a market value of USD 96.878
billionin 2019to reach USD 119.571 billion by theend
of 2025. Theimportance of Palm qil in global edibleoil
economy can be gauged from the fact that it accounts
for onethird of total global edible oil production from
only 6 % of the total global oilseeds harvested area. It
has about 60% share of the world's trade in edible oil
pool. Palm oil had the largest increase, both absolute
andrelative, asitsproduction went upto 44 millionMT
(or 197%) and it overtook soybean oil as the main
vegetable oil produced in 2006. The use of palm oil for
Biodiesel explains most of this spectacular growth.
Spurred by income and popul ation growth in devel oping
countriesaswell asrapidly expanding food processing
industriesin Asiaand other devel oping areas, the global
growth in consumption of vegetable oils is outpacing
that of most other agricultural products. Consumption
of vegetable oilsworldwide grew at an average annual
rate of 4.2 % over the past decade.

According to the OECD-FAO Agricultural Outlook
2019-2028 statistics, the per capita vegetable oil
consumption is predicted to grow by 0.9% per annum.
Thisis comparatively lower than the 2.0% per annum
growth observed during the time period of 2009-2018.
Developing regions of the world are predicted to
contributeto increasing the market growth for vegetable
oil during the forecast period. The per capita
consumption of vegetable oil in China and Brazil is
predicted to be around 30 kg, and around 24 kg,
respectively. For developing nations, the per capita
consumption of vegetable il isassumed to reach 27 kg
with an annual growth rate of 0.4%. Next to China,
Indiais the second-largest consumer and is ranked as
the number one importer of vegetable oil at the
international level. The country isprojected to maintain
the high per capita vegetable oil consumption with an

annual growth rate of 3.1%, and further projected to
achieve 15 kg by the end of 2028. The substantial growth
is attributed to the expanding domestic production in
Indiaand growth of imports specifically palm oil from
Indonesiaand Malaysia.

For the Least Developed Countries (LDCs), the per
capitaavailability of edible oil is projected to surge by
1.2 per annum and is further estimated to attain 10 kg
in 2028. The utilization of vegetable oil for biodiesel
production will, however, remain unchanged for the next
decade, which wasrecorded as 8.5% per annum growth
for the last decade, when biofuel support policieswere
starting to apply.

Global Development in Edible Oil Sector

The oil crops sector has been one of the most dynamic
parts of world agriculturein the recent decades. In the
three decades to 2007 it grew at 4.3% per annum
compared with an average of 2.1% per annum for all
agriculture, including livestock. A mgjor driving force
on the demand side for vegetable oils has been their
use for non-food purposes. The strong growth of
demand for protein productsfor animal feed wasalso a
major supporting factor in the buoyancy of the oil crops
sector. Trade deficit in Oilseed complex is likely to
widen in India due to rise in consumption because of
growths in human and livestock population as well as
per capitaincome.
Consumption of
Worldwide

Vegetable Oils

Consumption of vegetable oils worldwide grew at an
average annual rate of 4.2% over the past decade.
Consumption of vegetable oils worldwide from 2013-
14 to 2019-20, by oil type is given in Table 2 and
Fig.4.Palm oil consumption continued to occupy amajor
position followed by soybean ail.
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Fig.4. Consumption of vegetable oils worldwide from 2013/14 to 2023/2024, by oil type
(in million metric tons)

Table 2. Consumption of Vegetable oils Worldwide from 2013-14 to 2019-20, by oil type (in million MT)

Year Palm oil [ Soybean | Sunflower Palm [ Peanut | Cotton | Coconut | Olive | Rapeseed
oil seed oil | kernel aill ail Seed ail oil oil oil
2019-20 7148 55.46 19.33 8.56 6.12 5.08 3.65 297 27.62
2018-19 7306 | 54.92 18.20 8.65 5.9 4.99 354 2.92 28.16
2017-18 66.99 | 54.56 17.42 8.09 5.73 5.05 340 281 28.86
2016-17 6160 | 53.29 16.33 7.42 5.55 434 3.09 2.74 28.90
2015-16 50.38 | 52.09 15.02 7.00 541 4.36 324 2.81 28.27
2014-15 57.90 47.73 1411 7.21 537 5.06 3.29 2.65 27.04
2014-15 57.52 45.27 14.14 6.58 5.68 5.09 334 297 26.17

Source : Statistica 2021
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Fig .4.Consumption of vegetable oils worldwide from 2013/14 to 2023/2024, by oil type
(in million metric tons)

The consumption of palm ail increased by 25.4% during
2019-20 in comparison with that during 2015-16
(i.e.59.378 million MT).

Global Vegetable Oil Situation till 2025

Thedetails of the Global vegetableail situation till 2025
presented in Table 4 and world oilseed projection up to
2028 givenin Table 5 are self-explanatory. All the oils
produced are almost consumed (99.72%), while the

and 2028

consumption for food is 81.95 %.

Table 4. Global Vegetable Oil Situation till 2025

World Veg. Oil Unit m‘&s 016 | 007 | 018 | 219 | 220 | 22 | 22 | 2n | 224 | 05
Production Mt 1741| 1805 184.2| 1885 1927| 197.1] 201.2| 2056/ 210.1] 214.3] 2189
of which paim ol Mt | 611 633 651 68| es4] 00| 717] 734 754 768 78|
Consumption Mt | 1734] 1810 1841] 187.8] 1921] 1967] 2007] 2049 200.4] 2138] 2183
Food Mt 1416| 147.0{ 1494 152.8[ 156.1| 159.4] 1626 166.3) 170.2] 173.9| 178.0
Biofuel M | 24 23] 235 236] 242 51| 254 257] 28] 262 262
Exports Mt | 741 76| 780] 795 813 830 846 864 833 903 921
Closing stocks M| 237 25 271 233 239 243 28] 255 22 261 22
Price uson | 7822 7365 759.8] 7619] 777.2| 8060] 826.6) 8265 821.1] 8303 843

USD 782 per tons means about Rs. 53 per kg

Global RM Production is likely to increase and
Global RM Prices are likely to remain under pressure

January - December 2023 & 2024

26 JLST Vol. 55 & 56 No. (1-4)



General Articles

Table 5. World Oilseed Projection (Marketing year)

et e 22 2 22 N3 N4 N@s W% M@ 2%
VEGETABLE OILS
Werld
Production L €6 2108 2140 2168 201 234 267 299 a2 2364 2388
ol which pam od Mt 73 a7 756 765 776 87 a8 B0 LF 29 B39
Consumetion L 2012 2109 2142 271 202 ma3 266 288 2331 2364 287
Food L 1383 1408 1432 57 1482 150.8 1536 156.3 1582 1820 1648
Biofuel L] 54 208 05 s 304 05 304 304 03 03 302
Exports L 819 846 858 &0 882 892 90.4 Nne w28 841 5.4
Clesing siocks M 23 21 208 207 206 207 209 210 270 210 211
Prices usop e 6852 7154 7448 1760 M6 810.3 8278 69 689 886.5
Developed countries
Production 500 516 523 528 534 540 546 55.1 57 562 56.8
Consumption 539 561 564 S&7 571 572 572 572 572 572 571
Closing saocks a7 s s s is a5 s 5 is s 5
Developing countries
Production L] 1526 158.0 161.7 1841 166.7 169.5 172.1 1748 1S 1802 183.0
Consumgtion L] 1473 1548 1578 1604 1631 166.2 16894 1728 1759 1782 18286
Closing saocks L 186 176 174 172 172 172 174 174 175 175 176
DECD?
Production Mt 96 402 a7 010 a4 18 Q@2 @5 4235 an 415
Consumgtion L 532 551 554 558 S6.1 56.2 56.2 562 563 563 581
Closing saocks At 13 31 31 311 31 31 i1 i1 31 i1 i1
Note: Average 2016-18est: Data for 2018 are estimated. Prices are in nominal terms.
1. Soybean, U.S., CIF Rotterdam (October/September).
2. Excludes Iceland but includes all EU member countries
3. Rapeseed, Europe, CIF Hamburg (October/September).
4. Weighted average protein meal, European port (October/September).
5. Weighted average price of cilseed oils and palm oil, European port (October/September).
Source: OECD/FAD (2019), "OECD-FAO Agricultural Outlook”, OECD Agriculture statistics (database). doi: dx doi.org/10.1787/agr-outl-data-en

There is an increase in the projection of total oilseed
production from 210.6 million MT in 2019 to 239.8 in
2028 of which contribution from Palm oil isthe highest
(83.9 million MT). There is an urgent need for the
developing countriesto produce more astheir per capita
consumption hasto go up.

Future Vegetable Oil Demand-2050

Global demand for edible oil had continuously increased
from 2005 and the projected demand for and the
population growth is a continuous process as depicted
inFig.5. To meet the increasing demand, we only have

175 4

Edible oil demand (Mtyr)
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100 s

2003 2070 2015 2020 2023 2030 203% 2040 I045 2050

Fig 5. Global edible oil demand from 2005 to 2050

to gear up our production, which may be difficult with
the conventional nine oil seed crops alone and hence
thereisneed for promoting high oil producing perennial
crop like Oil Palm. Highyielding Oil Palm hybridsare
available and appropriate technologies are to be
integrated to achieve the target.

Indian Oilseeds Scenario

On the oilseeds map of the world, India occupies a
prominent position, bothin areaand production. Indiais
the 4th largest oil seed producing economy intheworld
after USA, Chinaand Brazil, which contributes about
10% of theworld oilseeds production, 6-7% of theglobal
production of vegetable oil, and nearly 7% of protein
meal and 9-10% of the total edible oil’s consumption.
Although India has 20.8% of the world's area under
oilseed crops, it accounts for about 10% of global
production. Thisisbecause of low productivity and year
toyear fluctuationsin production. Over aperiod of time
from 1950-51 to 2019-20, the area had increased
from10.73 to 26.00 million ha and the production
increased from 5.16 to 28.30 million M T. No doubt that
the productivity had been doubled after 2000-01 as could
be seen in Table 6.
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Table.6.Indian Oilseeds-Area, Production, Productivity and Percentage coverage
under irrigation from 1950-51 to 2019-20

Year Area Production Productivity % Coverage under
(million ha) (million MT) (kg/ha) irrigation

1950-51 10.73 5.16 481 NA
1952-53 11.18 4.73 424 0.8
1960-61 13.77 6.98 507 33
1970-71 16.64 9.63 579 74
1980-81 17.60 9.37 532 145
1990-91 24.15 18.61 771 229
2000-01 22.77 18.44 810 23.0
2005-06 27.86 27.98 1004 28.0
2010-11 27.22 32.48 1193 245
2015-16 26.13 25.30 968 -
2019-20 26.00 28.30 1100 -
2020-21 30.30 43.10 1423 -
2021-22 31.20 45.65 1500 -

Source: Compiled from various sources of GOl Statistical data

Note: The productivity given above are worked out on the basis of production & areafigurestaken in ‘000 units.

The productivity of oilseed crops in India is
comparatively lower than the world average except for
castor (Table 7). There is ample scope for increasing

the productivity of our annual oilseedsby using thelatest
varietiesand hybrids coupled with improved technologies
developed.

Table 7. Indian Productivity of Oil Seeds (kg/ha) compared with Global productivity and countries
having the highest productivity

Crop India World Country with
highest productivity
Groundnut 1179 1676 4699 (USA)
Rapeseed-Mustard 1140 1873 3690 (Germany)
Soybean 1208 2374 2783 (Paraguay)
Sunflower 706 1482 2494 (China)
Sesame 426 518 1315 (Egypt)
Safflower 654 961 1489 (Mexico)
Castor 1455 1162 1455 (India)
Linseed 260 752 1358 (Canada)
Oil pam fruit 12380 14323 21901 FFB (Malaysia)

(Source: FAOSTAT, 2012)* from among the countries with >80% global contribution

January - December 2023 & 2024

28

JLST Vol. 55 & 56 No. (1-4)



General Articles

7.1. Indian Oilseeds Scenario briefly (2019-2020)

The status and anticipated area, production and yield of
oilseed crops in India during 2019-2020 as given by
Solvent Extractors Association (SEA) is presented in
Table 8 showsthat the current productionis 7.0 million
MT of edibleoilsand theimportis13.2. million MT.

The status and anticipated area, production and yield of
oilseed cropsin India are presented in Table 9.

Table 9. Satus and anticipated area, production
and yield of oilseed cropsin India

Crop Quinquennium 2016-17 Year 2022
Area | Production | Yield | Area | Production | Yield
(m.ha) | (m.tons) | (tonwha) | (m.ba) | (m.tons) | (tonwha)
Soybean [ 1138 | 1194 1.05 1250 |1875 1.50
Groundnut | 499 739 147 512 |om 1.70
R&M 619 739 L9 747 | 1195 1.60
Sunflower | 059 [] 0.75 097|087 0.90
Safflower | 0.16 0.08 0.5 07 |02 0.80
Sesame 175 077 041 197 |18 060
Niger 026 0.08 0.32 032|016 0.50
Castor 1.06 1.80 1.70 140|245 1.75
Linsecd | 028 0.14 0.49 057 |03 0.60
Total 667 | 3006 113 3120|4564 146

Source: DFI Committee Estimates based on data compiled from DACNET

Source: Adopted from NFSM Status Paper

It could be seen that over a period of five years (2016-
to 2022), the Doubling the Farmers Income (DFI)
Committee estimated the areaincreaseto 31.20 million
ha, production 45.64 million tonswith aproductivity of
146t /ha

7.2. Import of Vegetable Oils to India

YEAR® VEGETABLE OILS
QUANTITY VALUE

2009-10 67.34 22316.68
2010-11 60.39 25,919.59
2011-12 70.82 38,909.02
2012-13 96.06 53,561.61
2013-14 7943 44,038.04
2014-15 12732 64,889.60
2015-16 156.44 68,676.62
2016-17 140.07 73,038.98
2017-18 15361 74,995.91
2018-19 150.28 69,023.80

Quantity in lakh tonnes; Value in Rs crore; *Apr-Mar.
Source: Department of Commerce.

The import of vegetable oils had increased by 223.1%
over adecade from 2009-10 to 2018-19 and the value
by 309.29% (Table 10 ).The import of palm oil had
increased 20 timesin the past 25 years. (Fig. 6).

Import continues
India’s import of palm oil has increased over 20 times
in the past 25 years
Raoor 6,774.16
e 4,040.32
000 -
e 41051 1,832.02
60001~ ysp miltion
4,000 Import quantity
- (1,000 tonnes)
0 L L | 1 L 1 L | 1 ' L L L L | 'l L 1 L | 'l J
& & 3 $
19% LIS Department of Agriculture

Fig.6.lmport of Palm oil (1996 to 2017)

India consumed an estimated volume of nearly 23
million MT of vegetable oils (from coconuts,
cottonseeds, alives, palm, peanuts, rapeseed, soybeans,
and sunflowers) in fiscal year 2020. Edible oil
consumption showed that Palm oil consumption had
increased from 29.1% to 42.1 % over a period from
2101-02 to 2018-19 followed by soyabean oil. This
shows the acceptability of Palm oil as an edible oil by
the people.

The sector wise Indian edible oil market ispresentedin
Fig.7.( 2014 -2024 in BN USD)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

FLEE] mFood Processing w Food Service m Bakery

Fig.7. Indian Edible Oil Market, By End Use,
2014 -2024 in BN USD
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Bulk of the palm oil goesfor retail usei.e., household
cooking, followed by food processing and food service,
a small quantity is going for bakery production. It is
likely that bakery consumption may increase in due
course due to its cheaper price.

Theedibleoil marketin Indiais projected to grow from
around US$21.5 billion in 2019 to US$35.2 billion by
2025 due to increasing disposable income and rising
consumer awareness about healthy lifestyle & wellness.
Moreover, strong marketing activitiesby leading edible

India : Demand-Supply (‘000 MT)
30,000.0
25,0000

20,0000

013 2014 2015 2016 2017 2018 2019

o Producion N Imports s onsumption

oil brands, changing tastes and preferences of
consumers, expanding population, and shifting
consumption pattern towards branded oilsisleading to
rising consumption of edible oilsin the country.

Indian demand-supply and import of oils and fats for
theperiod from 2009 2019isgiveninFig.8, which clearly
indicates that import had considerably increased since
the domestic production was not able to meet the
demand. Among the imported oils and fats, Palm oil
had the dominant position.

India : Import of Qils & Fats ("000 MT)
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Source: Oil world

Fig.8. Indian demand- supply and the quantity of oils and fats imported

Demand for vegetable are always higher than
production which has been reflected in the higher
import. Palm isthe largest vegetable oil followed
by soyabean ail.

Future Demand for Vegetable Oil

Edible Oil Consumption —Long term Projection

The edible oil consumption projected with 2% and 3%
and the population growth at 1.02 % presented by SEA
and givenin Tablel2 showsthat the country needs 24.92
million tons with the per capita consumption of 17.86

kg.

Table 11. Edible oil consumption —Long term

Projection
Vear Population at | Consumption 8 2% Growth | Consumption 8 1% Growth
(Now-Oct) 102%
Growth
In Bin Per Captia MnT Per Capita MnT
(¥g) (in Kg)
2018-1%9 1300 1746 2270 17.46 1210
2019-20 1313 1599 21.00 1599 2100
2020-21 1327 1621 2150 1621 2150
2021-22 1,340 1636 2193 1652 2215
2022-23 1354 1652 2237 1645 2281
2023-24 1368 1668 1282 17.18 2349
2024-25 1382 1684 2127 1751 2420
2025-26 1,396 1701 2174 1786 2492

Source SEA,Dr.B.V.Mehta presentation
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Thereisanother demand projectionisavailablefor the
period from 2020 to 2050. All projections (Table 13)
indicate that the demand will be continuously increasing
and we have to increase our domestic production to
meet the demand or elseimport will continueto increase.

Table 12. Demand Projection of Vegetable oils
inIndia
Demand Projections of Vegetable Oils in India

2020
1.32

2030
143

2050
1.68

2040
Projected population (billion) 1.55
Per capita consumption considering 50, 60, 70 and 75 per cent above the

prescribed consumption levels during 2020, 2030, 2040 and 2050, respectively

Per capita consumption (kg/annum) 1643 1752 1862 19.16
Vegetable oil requirementfor direct 2169 2313 2458 2529
consumption (million tonnes)

Vegetable oil requirement for non 357 6.34 9.69 10.61
industrial use (million tonnes)

Total vegetable oil requirement 2526 2947 3427 3590
(milliontonnes)

Vegetable oil availability from 505 589 6.85 7.18
secondary sources (million tonnes)

Total vegetable oil requirementfrom 2021 2358 2742 2872
annual oilseed crops (million tonnes)

Total vegetable oilseeds requirement 67.37 7145 8065 8206

from nine annual oilseed crops
(milliontonnes)

Source: R.S.Paroda, 2012

Saus of Oil Palm Cultivation in India

Knowing therealistic value of palm oil, whichischeap
and versatile(Fig.9), Indiatoo started Oil palm cultivtion
right from 1965 as aforest crop, but not making much
progress. Only during 1986, when its cultivation under
irrigation as small holders crop has begun,the
momentam gai ned.

Cheap and versatile
Palm is affordable as it has the highest oil yield

e M kg oil/ha/yr
4,000
3,000 |-

2,000

T

1.000

T

@
www.attra.ncat.org
Fig. 9.Comparison of Oil yieids of different oil
yielding crops

i) Earlier Initiatives by Government of India to
promote Oil Palm Development

Initiatives by Government of India in view of the
importance and significance of Qil palm cultivation,
DAC&FW had taken up Technology Mission on
Oilseeds & Pulses (TMOP) in 1991-92 in the potential
states. A comprehensive centrally sponsored scheme,
Oil Palm Development Programme (OPDP) wastaken
up during VIII and IX Plans. During X and XI Plans,
Government of India provided support for Oil palm
cultivation under Integrated Scheme of Oilseeds, Pulses,
Oil Pam and Maize (ISOPOM). Further to boost its
cultivation, a Special Programme on Oil Pam Area
Expansion (OPAE) under RKVY was formulated
during 2011-12 with an objectiveto bring 60,000 haarea
under cultivation, which continued till March, 2014.
During the X1 Plan, National Mission on Oilseedsand
Oil Palm (NMOOP) was launched in which Mini
Mission-II (MM-I1) was dedicated to Oil pam area
expansion and productivity increase. MM-11 of NMOOP
isbeing implementedin 13 Statesviz; AndhraPradesh,
Assam, Arunachal Pradesh, Chhattisgarh, Gujarat,
Karnataka, Kerala, Mizoram, Nagaland, Odisha, Tamil
Nadu, Telangana and Goa. The funding pattern was
50:50 between Central and State Governments during
2014-15, which wasrevised to 60:40 in case of general
category Statesand 90:10in case of North-Eastern and
hill States from 2015-16.. Under MM-II, financial
assistanceisbeing provided to the farmers @ 85% cost
of the planting material and @ 50% cost of other
components like maintenance cost of new plantations
for four years, installation of drip-irrigation systems,
diesel/electric pump-sets, bore-well/water harvesting
structures/ponds, inputs for inter-cropping during
gestation period, construction of vermi-compost units
and purchase of machinery & toolsetc. slmplementation
of Centrally Sponsored Oil Palm Devel opment Schemes
have resulted in area expansion under Oil palm from
8585 hain 1991-92 to 3,16,600 ha by the end of 2016-
17. Similarly, production of fresh fruit bunches (FFBSs)
and crude palm oil (CPO) haveincreased from 21,233
MT and 1,134 MT respectively in 1992-93t0 12,89,274
and 2,20,554 MT respectively in 2016-17. At present,
Andhra Pradesh, Karnataka and Tamil Nadu are the
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major Oil palm growing States. Telangana is another
upcoming state taking up Oil palm development with
determined political will. Odisha also can come up in
area expansion if some concerted efforts are with
technical back up. Tamil Nadu is coming up well after

some set back. It

i) Progress made

Despite severa iniativestaken by the Government, the
target of area expansion could not be achieved (Fig. 9
) dueto variousreasons of which FFB priceflactuation
was the top most. Harvesting, hon availabilty of credit
facilitiesfrom banks, not settling the subsidy intimein
some states, etc., are some of the other problems. Fig
10 shows the relatioship of FFB price and area
expansion in Karnataka state. Same was the situation
in Andhra Pradesh and Tamil Nadu. If these hurdles

The State-wise details of areaachieved under Oil palm
cultivation and production of FFBs and CPO up to the
year 2017-18 are given in Table 14.

are removed, faster development is assured.

Table 13. Progress of Oil palm -area covered, production of FFB and CPO up to 2017-18

The State-wise details of arca achieved under oil palm cultivation and production of FFB:
and CPO up-to the year 2017-18 are given below:

SL State Area Total Arca Production (in MT) in Production (in MT)
No. achieved Coverage 2006-17 in 201718
during | upto March | FFBs cro FFBs PO |
2017-18 2018
(in Ha)
1. Andhra Pradesh 6157 162689 1136579 190854 1427827 234695
2. | Tclang 1413 18312 85549 19979 147516 37274
3 Kar ! 1120 43517 11912 2051 12917 2224
4. | Tamil Nadu 559 30900 7422 ME 6983 938
s. Guparat 76 5797 K33 NA - .
6. Goa - 953 NA NA
7. | Odisha 1005 21777 1965 NA
8. Tripura - 530 NA NA
9. Assam Rl4 1849 0 0 - -
10. Kerala 7 5785 34198 5929 30220 5191
11. | Maharashtra = 1474 NA NA . .
12. | Mizoram KRS 28295 4796 626 -
13| Chhattisgarh 773 4222 0 0
14. | Andamank . NA NA
Nicobar 1593
1S5. Arunachal 843 0 [1]
Pradesh 1416
16. | Nagaland ¥00 1973 0 0 - .
Total 14482 331082 1289274 | 220554 | 1625463 | 270322
Targets missed, over and again
Despite several initiatives, the government has failed -
to meet its annual target of increasing area under oil palm p
- o 5 -
ned T Target Area (in ha) 'E * R
70,000 (- ; Tm A‘e A" Nl
60,000 === Achieved Area g~ coneaf ¢ 178
! - 5 1\
SG.M = {m ha} E : o P-I-—I—.—.-\ 4 }. .a
40,000 (3 \p
v am ‘f
30,000 E
20,000 i - STPPT T
10000 .
HIHIHH I
@@@@@@-@@@ SEP i o
National Mission on Gilseeds and Oi Palm Year

Fig 10 Target and achievement over years

Fig.11.Relatioship of FFB price a area
expansion in Karnataka State
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iii) FFB Price in India - Month wise from 2013 -14 to 2019-20

The month wise FFB Price from 2013-14 to 2019-2020 is given in Table 15.L ater half of the year the FFB priceis
good. If the price for FFB isgood we can definitely expect areaincrease and production increase.

Table .14. FFB Price in India-Month wise from 2013-14 to 2019-2020

Year April | May | June| July | Aug | Sep | Oct | Nov | Dec| Jan | Feb | March

2013-14 | 5932 | 5808 | 6210 | 6464 | 6624 | 6971 6907 | 7900 | 7951 | 7824 | 7926 | 8441

2014-15 | 8267 | 7938 | 7510 | 7472 | 7071 | 6424 | 6589 | 6598 | 6370 | 6803 | 6557 | 6595

2015-16 | 6421 | 6473 | 6601 | 6240 | 5722 | 5352 | 5731 | 5733 | 5647 | 5837 | 6129 | 7207

2016-17 | 7586 | 7839 | 7494 | 7250 | 7792 | 8434 | 8142 | 8177 | 8455 | 8679 | 8891 | 8155

2017-18 | 7307 | 7321 | 6897 | 6897 | 6897 | 7702 | 8222 | 8222 | 8222 | 8251 | 8369 | 8909

2018-19 | 9121 | 9002 | 8720 | 8628 | 8370 | 8306 | 8276 | 8268 | 8078 | 7827 | 7911 | 7511

2019-20 | 7558 | 7157 | 7164 | 7207 | 7715 | 7977 | 7620 | 8500 | 9440 | 11367 | 9995 | 9043

2020-21 | 9540 | 8447 | 9544 | 9340 | 10074 | 10812 10848 | 13127 | 14190 — — —

iv) Highlights of Indian Oil Palm near Jangareddygudem, Andhra Pradesh as against 18
t CPO/ ha/year as maximum potential yield of Oil palm

year was obtained by many farmersand maximumyield cultivation of Oil palm are reaping the benefit, which
of 50 t FFB /halyear by some farmers gave the could be seen in the East & West Godavari as well as
confidence that we can successfully cultivate Oil palm KrishnaDistrictswho had teken il palm cultivation right

inour country. Maximum calculated yield potential of from 1988-89 even before OPDP was initiated.
12t CPO /halyear was also obtained in the plantations

x4

A 2 %

Fig.13.0il Palm plantation in Farmers Field,
A.P.

Fig.12.0il palm development in Andhra Pradesh
(GOOGLE photo)
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Fact-Indian Oil palm is not mono crop- Inter / mixed / multiple

cropping and farming systems practised for doubling income
Oil Palm wilh Black Pepper

Qil Palm with Cocoa
- ’ \

h

Fig.14. Inter/mixed crops in Oil Palm

In the process of cultivation of Oil palm, many
production technologiesincluding raising of suitableinter/
mixed/ multi storied cropping/ farming systemsto get a
sustainableincome by thefarmerswere devel oped. Over
a period of time, we could develop six hybrid seed
gardens to produce tenera hybrid seeds in the country
and could reduce the import of planting materials.
However, nearly 60 % to 75 % of planting materials
were imported from the identified sources and the
performance was always good.

Oilseed crops can be raised during the Juvenile period
of Oil Palm.

Reasonably adequate research facilities have been
developed to help the farmers with technologies and
training. Starting from Zero we have developed 27
processing unitsin the country which hasthe processing
capacity of 589.3 t /hr. Andhra Pradesh alone has 13
unitswith processing capacity of 454 t/hr and occupies

the top rank in the country both in area and production
and average productivity. Most of the machineries for
the processing units are manufactured locally except a
few critical equipment. Thus, indigenousskill hasbeen
developed in the processing technology. We now have
indigenous technologies right from one ton/ hr to 20 t/
hr.

More than 21 entrepreneurs are involved in Oil Palm
Development Programme in the country of which four
of them are operating in more than one state. They are
very confident that Oil palm can be grown successfully
and profitably if some shortfallsidentified are removed.
As far as cultivation technologies are concerned, we
are more competent since we have grown Oil palm
successfully in soils with pH 5.5.to 8.5., maximum
temperature going beyond 40 to 45° C, minimum
temperature going below 10 °C asin North East, rain
fall much lessbut supplemented with drip irrigation and
humidity many times|essthan required.
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In terms of importing newer hybrids, compacts, poly
clonal, drought and cold tolerant materials, we should
not hesitate and so also upgrading processing
technologiesfrom Malaysia.

Self Sufficiency of Edible Oil is
Everybody’s Concern

Everybody isconcerned with self-sufficiency in edible
oil and some of their statements/concerns appeared in
Mediaand Webinars during the last year are presented
here.

e Hon'ble Prime Minister Shri.Narendra
Modi appealed on 23 July 2020 to the farmersin
the North-East Statesto take up Oil palm cultivation
inabigway. It isastep to support the Atmanirbhar
Bharat initiative and will reducetheimportsof Pam
oil and make Indiaself-sufficient in edible oilstoo.
Shri Atul

e Noted agricultural economist Dr.Ashok Gulati,
Infosys Chair Professor at the Indian Council for
Research on International Economic Relations
(ICRIER) in New Delhi opined that if Indiawants
to produce as much edible oil as it is consuming
through itstraditionally-grown oil seeds, the country
may need at least 30 million haof areafor cultivating
them and thisisnext toimpossible. Indiacurrently
meets 65% of its edible oil needs through imports.
Of India stotal edibleoil imports, 75 %ispamoil.
Accordingto him, Oil palmisthe only treethat can
give4tonnesoil per hectare. In comparison, other
edible oil complexesdo not give even 400 kg of oil
per hectare.

e Union Finance Minister, Smt. Nirmala Sitharaman
has reiterated government’s plan to focus on
growing more oilseeds to cut down the swelling
import billsof edibleail. Thefinance minister, while
hailing pulses farmers for sustainable growth in
pulses production, has called upon farmers to
produce more oilseeds.

e “Indiaimports about 15 million MT of edible oil
spending around Rs 77,000 croreto meet the annual

reguirement. “The annual requirement of edible ail
is23millionMT. We produce only 7-8 millionMT
and for remaining, we have to depend on imports.
There is only announcement for becoming self-
reliant in edible ail, action is missing,” said B V
Mehta, Executive Director, Solvent Extractors
Association (SEA).

According to Mr. Sudhanshu, Secretary, Food, GOI
indicated three suggestionsto meet the requirement
are: increase the area under cultivation by 23%,
increase productivity by 25% and overall production
by 55%.

Indiaspendsover Rs 70,000 croresto import about
15MT edibleoil to meet itsannual requirement of
25 MT, making it one of the biggest buyers of the
cooking medium. The need for a*“zero edible oil
import” plan was discussed by Union Commerce
Minister, Sri. Piyush Goyal at an inter-ministerial
meeting.

A road map for Indiato attain self-sufficiency in
edible oil productionisto be prepared. Theaimis
to help farmers and local industry, apart from
reducing the current account deficit.

Under the Government’s plan to double farmers
income, achieving self-sufficiency in oilseeds
production by 2030 is a major target (Bloomberg
file)

“The strategy for self-sufficiency should
encompass all three sources of oils— seven edible
(soybean, rapeseed-mustard, groundnut, sesame,
sunflower, safflower and niger) and two non-edible
(castor and linseed) oilseed crops, al of nine (9)
constituting the primary sources, secondary sources
(rice bran, cotton seed, solvent extracted oils); and
treeborne oils (TBOs), namely, palm ail, coconut,
other tree and forest origins,” according to the
report of the committee on doubling farmers
income.

The Department of Agriculture has set a target of
first increasing oilseed production from primary
sourcesfromthe current 31 millionMT to 45 million
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MT by 2022-23. This is expected to help to
increase the edible oil production in the country
from the current 7.1 million MT to arange of 11-
14 million MT. Contribution from secondary
sources and TBOs are likely to add another 3
million MT, restricting the import dependency to
about 16 million M T, which otherwisewill be much
higher by 2022-23.

e To boost up palm tree cultivation, the Committee
has suggested a price incentive mechanism for
farmers through creation of an Edible Oil
Development Fund (EODF), with contributions
coming from a specially levied cess of 0.5% on
the imports of crude and refined palm oil.

e  Thecommittee observed that despite huge domestic
supply deficit, farmershave not been enjoying high
market prices. The capacity utilisation of the
domestic ail industry is 35-50% because of low
availability of raw material.

e Dr. Basanta K. Sahu, Faculty (Economics), II1FT,
New Delhi puts forth three options to regain self-
sufficiency in the oilseeds sector.

a. improving domestic production and supply of
oil seeds,

b. to promote alternative sources like rice bran
oil (RBO)

c. reduceimport of edible oilsby raising import
tariffs and other trade measures.

Despite several public programsfor the oil seeds sector
inIndiasuch asNational Mission on Oilseedsand Palm
Qil (NMOOP), Technology Mission on Oilseeds (TMO),
Yellow Revolution etc, India' s oil seeds sector has been
unableto reap its comparative advantages, mainly due
to both domestic and external issues, which need more
policy focus. From the domestic front, improving
productivity and reducing productivity gaps across
regions and sectors should be prioritized with better
inputs, irrigation, technology and effective price support.
Improving India's average productivity in the oilseeds

sector, at least up to the world average, can make it
self-sufficient.

Transformation of Edible oil
consumption over theyears

According to GGN Research, an Indore-based Agri-
commodity analytics firm, 58% of ndia's estimated
edible oil consumption of 2.29 mt in 1973-74 was
accounted for by groundnut. This was followed by
mustard (28%), cottonseed (10%) and other indigenous
oilssuch as coconut and sesame. But in 2001-02, 29.1%
of thetotal consumption of 10.13 mt was constituted by
palm oil, which, along with soybean (22.3%), had
relegated mustard and groundnut to third and fourth
places. By 2017-18, the combined share of palm and
soybean oil had increased to more than 60%. Adding
sunflower oil took it further up to nearly 72%.

Can Self-sufficiency come from
concerted Oil Palm cultivation in India?

Yes, it is possible and it is the only way where we can
definitely make success with concerted political,
bureaucratic and farmers will to promote Oil pam
cultivation in the identified states under irrigated
condition.

e “Pamistheonly treethat can give4tonnesoil per
hectare. In comparison, other edible oil complexes
do not give even 400 kg of oil per hectare,” said
Gulati, InfosysChair Professor at the Indian Council
for Research on International Economic Relations
(ICRIER) in New Delhi. If that to happen, Indian
corporates should get into growing Oil palm asitis
partly done in Indonesia. There both corporates
and farmers are into palm cultivation. However,
thereisanother problem. InIndia, Oil pamistreated
ashorticulture crop, not asaplantation crop. If itis
treated as plantation crop, it may attract corporate
investment, said Prof. Gulati adding that he had
submitted a plan involving * 10,000 crore to the
government some years ago on promoting palm
cultivation.
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e Thereal impetusto self-sufficiency, however, can
come from oil palm — the only crop capable of
yielding 4 tonnes of oil per hectare. “At present,
local pam oil productionisjust 0.25 mt. Indiacan
potentially cultivate Oil palm in 1.9-2 million ha,
giving 7.5-8 mt oil. But since the trees take four
years to yield fresh fruit bunches, one has to plan
now. Oil palm should be declared as a plantation
crop and exempted from land ceiling lawsto attract
investments from corporates. Simultaneously, we
must restrict imports, especially of refined palm
oil,” addsDr.S.V.Mehta. ,Executive Director, SEA.

e Mr.Chaturvedi, President, Solvent Extractors
Association of India (SEA) said that Solvent
Extraction Association since many years has been
raising thisissueto focus on oil palm plantation to
reduce our dependence on imported palm oil.

e Solvent Extractors Association of India (SEA)
jointly with Globe Qil organized aWEBINAR on
Future of Palmsin Indiaon 26 June, 2020. Dr. B.V.
Mehta made very good presentation on oil seed
scenario, edible oil import and stressed the need to
develop oil palminthe country. Hetouched on very
vital points, 1. Oil palmto betreated asaplantation
crops and land ceiling should not affect area
expansion 2. Oil palm givesthe highest oil yield of
4to 6tonsof oil /halyr 3 Inthe next fiveyears 5.0
lakh hato be brought under oil palm cultivation.

e Dr. Shatadru  Chattopadhyay, MD,
SOLIDARIDAD Network Asia Ltd. - suggested
oil palm asinter crop in Tea plantations. However
,Dr.Chadha Committee 1988 identified that oil palm
can be cultivated in the available vacant lands in
Tea Plantations.

e Dr. Basanta K. Sahu, Faculty (Economics), [I1FT,
New Delhi.said that Indiais now cultivating palm
oil and it can be expanded further to meet the
existing consumption and to reduce dependence
onimports.

e Mr. Sudhanshu, Secretary, Food, GOl expressed
that oil palm is a potential source to increase the

vegetable oil pool inthe country sinceit could give
4.0 tonsof ail /halyear but the performance of oil
palm inthe country isnot comparableto Malaysia
and Indonesia. He also stressed the need of
concerted efforts to be made for increasing the
productivity.

e Mr. Sivakumar from 1 TC also said that the oil palm
is a good source for increasing vegetable oil
production and the expert teams had identified
potential areas of about 2.0 million hawhich need
to be exploited.

e Mr. NasimAli, Godref AGROVET- Oil Palm has
said that, primarily the support price, crop
insurance, increasing drip irrigation subsidy to 100%
etc. need to be addressed.

e Dr. PRethinam , Founder Director of N.R.C. for
Oil Palm and Chairman GOI Team constituted in
2011 and person who proved the success of ail
Palm under irrigated conditionin India, had brought
out apolicy paper on Perspectiverole of Oil Pam
in the Vegetable oil economy and Farmers’
prosperity in India . He had indicated how to go
about bring 2.0 million haunder oil palm in next
20 years.

Effortsmade by Government toincrease
edible ail production

Edibleoil being an essential part of human diet and cakes
of oilseeds as cattle feed, development of “Maximized
production of groundnut” was launched during 1966-67
in Andhra Pradesh, Karnataka and Uttar Pradesh. This
schemewas extended in other groundnut growing states
like Gujarat, Maharashtra, Madhya Pradesh, Odisha,
Punjab, Rgjasthan and Tamil Nadu during 1967-68 and
1968-69. The scheme continued during 4th Plan (1969-
74). Demonstration of Rapeseed-Mustard (R& M),
Soybean, Sunflower, Niger and Castor werealsoinitiated
during 4th Plan. An Intensive Oilseeds Development
Programme (IODP) covering Groundnut, R& M,
Sesame, Safflower, Linseed and Castor was launched
during 5th Plan (1974-79) in major oilseed growing
states. The programme continued during 6th Plan (1984-
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89) with special project on Groundnut and Soybean.
National Oilseeds Development Project (NODP) was
also launched during 6th Plan period (1984-85) and
continued during 7th Plan (1985-86). Technology
Mission on Oilseeds (TMO) waslaunched in 1986 with
continuation of NODP on 50:50 sharing basis between
Central and State Government and a special project
entitled Oilseeds Production Thrust Project (OPTP) with
100% assistance from Central Government. These
programmes continued under the aegis of TMORP till
2003-04 with 100% assi stance under OPTP up to 1990-
91 and, thereafter, as a single oilseed production
programme on 75:25 sharing basis. The programme of
oilseeds development including oil pam were re-
structured and anew CSSentitled, “ Integrated Scheme
of Oilseeds, Pulses, Oil Palm and Maize (ISOPOM)”
was launched from 2004-05 and continued up to 2013-
14 on 75:25 sharing basis. Pulses (2010-11) and Maize
(2013-14) were subsequently transferred to National
Food Security Mission (NFSM) and |SOPOM was re-
structured into National Mission on Oilseeds and Oil
Palm (NMOOP) including Tree Borne Oilseeds
(TBOs) which was launched during 2014-15.

Under NFSM-Micro Mission 2 Oil Palm financial
assistance are given for Supply of Planting Material,
Maintenance Cost during gestation period, Inputs for
Intercropping in oil palm, Drip Irrigation, Supply of
Diesel/Electric Pump sets, Bore well/water harvesting
structure/pondsat oil palm farm, Establishment of Seed
Gardens, Construction of vermi-compost unitsat oil palm
fields, Machinery & tools, Special component for NE/
Hilly States/LW Areas/regions, Training of Farmers,
Training of Extension Officials/'Workers/Input dealers,
Demonstrationson Oil Palm cultivation at Farmersfield,
Research & Development (R&D) Schemes, Project
Management Expenses (PME) - 3% of AAP and Flexi
Fund (10% of AAP).

The efforts made by Department of Agriculture and
FarmersWelfare , Ministry of Agriculture and Farmers
Welfare from 1966 till now made so much efforts to

increase the edible production in the country and no
doubt that there is areaincrease ,, production increase
and also productivity increasein theannual oilseeds.The
inclusion of Cotton Seed Oil and Rice Bran Oil aswell
as Tree Beariing Oil Crops(TBO) also contributed to
the vegetable pool. But increasein population aswell
as increase in purchasing power had considerably
increased the demand and thereby our import also has
increased. Now our attempt is to develop self-reliance
and to reduce the import cost by reaching near self-
sufficiency and finally reaching self-sufficiency.

Recent initiative a made through
National Mission on Edible Oil- Oil
Palm (NMEO OP)

Target of National Mission on Edible Oils(NMEO-
OP)

Thisisan ambitious Project formulated taking theinitial
lead and encouragement gained through Oil Palm
Devel opment Project (OPDP) implemented since 1990
t02019-20.

The target fixed for Oil palm area expansion by 2025-
26 under NMEO-Qil pamisgiven below:

To increase area of oil palm to 10 lakh hectares from
3.51akh haduring 2019-20 by 2025-26 (additional 6.50
lakh ha) of which it is targeted 3.22 lakh hectares for
general state and 3.28 lakh hain North Eastern states
with targeted FFBs production of 66.00 lakh tonnes.

To increase in Crude Palm Qil production from 0.27
lakh tonnesduring 2019-20to 11.20 lakh tonnesby 2025
26.

Increase consumer awareness to maintain consumption
level of 19.00 kg/person/annum till 2025-26.

The progress made during the last three years isgiven
below :
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The State-wise oil palm area expansion targets and achievement (Ach) under NMEO-0O|

(Area in hec
S. L _— 2021-22 2022-23 2023-24
No. Target Ach Target Ach Target Ach*
1 | Andhra Pradesh 15000 11257 20000 13752 24000 15859
2 | Chhattisgarh 500 424 1500 176 800 224
3 | Goa 20 20 0 5 0
4 | Gujarat 500 58 500 0 100 0
5 | Karnataka 2000 1172 1735 848 2454 839
6 | Xersla 152 105 1000 46 800 86
7 | Odisha 0 474 1500 483 1100 559
8 | Tamil Nadu 800 511 900 382 400 0
9 | Telangana 8100 7286 71200 32949 80000 18240
10 | Arunachal Pradesh 600 320 800 457 7000 1700
11 | Assam 1500 4000 6 12000 0
12 | Manipur 150 500 0 1200 0
13 | Mizoram 100 51 50 35 500 128
14 | Nagaland 0 800 1500 703 5556 1389
15 | Tripura 0 530 0 2000 0
Total 29422 22458 105735 49837 137915 39024

* Achievement up to 30® January 2023.

Though the initial progressis slow, timely mid
term correction suggested can definitely yield
fruitful results.

Strategies for
Production

Enhancing Oilseed

Srategy for Enhancing the Production of Edible
Oil

e Increase the productivity of annual oilseeds by
making available of quality seeds of highyielding
varieties and hybrids in adequate quantities at the
right time of sowing, increasing theirrigated area,
fixing remunerative pricefor the crop, and effective
implementation of the envisaged programmes in
variousMicro Missions.

e |If necessary, import and make available some of
thehighyielding varieties.

e Promote Oil yielding tree crops in the vast
wastelands in different states as corporate crop

e Inpaddy lands growing oilseedsand pulsesisvery
common to utiliseresidua moisture and nutrients.
Thiscan beintensified

Srategies for Enhancing the Oil Palm Cultivation
to produce more Palm Oil.

Two pronged approaches have to be made as short-
and long-term programmes.

[) Short Term Programme

At present, 3.5 lakhs ha may be under Oil palm
cultivation producing about 3 lakhstons of Crude Palm
Qil. Continuous removal Qil palm plantation is also
happening dueto variousreasons. Toimprovetheyield
potential of the existing plantations, they are to be
assessed jointly by the implementing agencies of the
state government and the Companieswho are operating
in that particular region and ensure timely supply of
variousinputs (manures, fertilizers and water etc.) for
the coming years. With effectivefield level monitoring
in a time targeted Mission Mode programme, the
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averageyield can bedoubled or even more. Three stage
benefits can be assured: i) farmer getsincreased yield
and income, ii) the processors get more FFB to
processing thereby increasing the capacity utilisation
with more CPO production and iii) increase in the
contribution to vegetable oil pool.

I1). Medium- and Long-Term Programmes

i) Replanting of old plantations of 25 to 30 years
depending on the growth and yield level of palm
has to be continuously taken up.

i) new planting in the balance area of 1.7 million ha
in awar footing starting with 40,000 to 50,000 ha
for first two or three years and then about 1,00,000
ha for next 4 year and later on increase by 1.25
lakh to 1.5 lakh ha per year and complete the

i)

planting by 2035. Planting materials must be
imported to supplement the domestic avail ability. (
The policy paper by the author provides complete
detailsand copy may be made available ,if needed).

Oil Palm in waste lands with under ground
water sources: India has got vast stretch of
Waste lands as shown in Fig., including
Northeastern Region., particularly in theidentified
potential states . These lands can be identified
and allotted to the processors operating in the
respective regions on long term lease or allotted
to landless farmers and the processors may be
askedto providefacilities making use government
subsidies . M/S Vaidegi Oil pam PrivateLtd | is
doingitin Nyagarh and Boudh Districtswhich can

Bay of Bengal

India - State-wise

Wastelands Distribution
(Percentage to total geographical area)

be seen.
—

” > 40-50%|
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Fig.15. Satewisewastelandsdistribution in India
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If about threeto four million hacould beidentified and The possibilities of creating irrigation facilities are
oil palm devel opment can betaken , it should be possible indicated below as has been done in Odhisa.

to produce additional 9to 12 milliontonsof CrudePalm

Qil(CPO) and also lot of biomass energy..

Fig 16. Irrigation sources /water harvesting ponds in wastelands/ check dams

The possibilities of creating irrigation facilities areindicated below as has been donein Odhisa.

Five year old plantations

Fig.17. Performance of Oil Palm in waste lands
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Policy issues needing attention from
Government for Smart Oil Palm
Development in the country.

1.

To Farmers

100% assistance for Micro-irrigation / Water
harvesting ponds and making drip irrigation as
mandatory for all the Oil Palm planted areain al
states. Subsidy for drip irrigation isto be givento
entire planting area proposed for that year and also
to the existing plantation where drip irrigation
facility wasnot provided earlier.

Establishment of Harvest Banks and encouraging
Rural Service Providers for such activities.

Fixing support Price of Rs.11,500 /ton of FFB.

Encouragegroup/ cluster farming approach aswell
aslarge scale Oil palm cultivation to any extent.

Extending the credit facilities crop loan from banks,
crop insurance etc.

To Industry

Government land may be allocated on long term
lease for establishment of state of art nursery,
processing mill, waste management, ETP, by-
product utilisation, Demo oil palm plantation and
Farmers’ training centre etc., may also be
supported to start asmall R&D unit to cater to the
need of the farmer. Financial Assistance may be
granted for establishment of processing mills to
cater to the requirement on PAN India basis.

To achieve more area, financial assistance may be
extended for development of oil paminingtitutional/
private lands increasing the present level of 25 ha

Allotting cultivable waste lands with adequate
underground water potential and financial
assistance may be extended to Processing
companies in the respective regions for
establishment of oil palm plantation.

Use of Al, 10T, Drones ,sensors may used to
exploit the productivity potential of crops.

3. By Government

e Treating oil Palm as plantation crop and exempting
from Land Ceiling Act.

e Area expansion should be decided two years in
advanceto make arrangementsfor importing seeds
sprouts and raising seedlingsand distribution of one
year old seedlings to farmers.

e Drip irrigation/ fertigation subsidy should be
extended to the targeted area and not peacemeal.

e  Oil PAmdevel opment isaGovernment programme.
So, import duty onimporting germinated seedsfor
raising nursery should not be collsected the
concerned Ministry.

e  Ensuring fund allocation to reach the beneficiaries
well in time and without any reduction.

e  Creating oil palm cessfund from the collection of
Import duty on vegetableoil.

e Creating Price stabilization fund to support the
farmers whenever the FFB price goes below
support price.

e Effectiveimplementation/ monitoring mechanism
at State level with specia staff for OPDP as was
done at theinitial period when OPDP was started.

e Effectiveutilisation of experienced retired officers
intherelevant field with an aptitudefor field level
monitoring asAdvisors.

e An effective well monitored mission mode
approach for getting desired goal without diverting
fundsto any other activities.

e Research and development should be part of
Development as in the case of Malaysia and
Indonesia. The processing companiesbe associated
taking up R&D..NMEO-OP may consider to fund
seed money for starting R& D.

e AnApex body for implementing the programme
isalong felt need for the success of the progrmme.

Achieving self sufficiency is definitely possible
by 2040 if concerted efforts are made implement
the programme;
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Abstract

The escal ating i ncidence of non-communicable chronic
illnesses such as diabetes, obesity and cardiovascular
disorders has resulted in a growing interest of
consumers towards healthier alternatives for
traditionally availablelipidswhich arerichin saturated
and trans fats. The ongoing governmental initiatives
have already led to the extinction of trans-fatty acids
from the food products. Nevertheless, the reduction of
saturated fatsfrom the diet isnow being targeted along
with anintended increase in consumption of unsaturated
fatty acids. Solid fats however, play a maor role in
providing the acceptabl e texture and techno-functional
propertiesto the food products, but are also associated
with chronic health effects. Thus, in such a scenario,
lipid modification technol ogies emerge as an excellent
solution for devel opment of fat analogsfor substitution
of saturated and trans fats. This review provides a
concise overview of key lipid modification techniques,
including hydrogenation, interesterification, fractionation,
enzymatic modification, and transesterification. By
examining current advancements, it also discusses the
challenges and future prospects of lipid modification,
highlighting the potential for devel oping healthier, more
functional lipid-based products.

Keywords: Lipid modification, Designer fats, Structured
Lipids, Trans-Fats, Saturated Fats.

1. Introduction

Lipidsnot only play acrucial rolein human diet, but are
also one of the most essential ingredients of food
formulations. They impart palatability to the food and
enhance its aroma and texture. They also act as a
heating medium and provide satiety to the consumers.
Nutritionally, they act as carriers for several bioactive

compounds and essential fatty acids, namely,
eicosapaentaenoic acid, docosahexaenoic acid and
apha-linolenic acid. The most primary component of
al lipidsistriglyceride, which isfurther made up by a
glycerol backbone, with three fatty acids attached to it
(Devi & Khatkar, 2016). The difference between these
fatty acidson thetriglyceride moleculeformsthebasis
for thedifferencein the propertiesof oilsand fats. Fatty
acids can be categorized as saturated and unsaturated
depending on the absence or presence of double bonds
intheir structure (Rosgvist & Niinistg, 2024). Saturated
fats do not contain any double bond in their structure
and are associated with negative implications on the
health of consumers. Thesefatty acidsalong with trans
fatsfrom partially hydrogenated vegetable oils (PHV O)
are one the major contributors to prevalence of
cardiovascular diseases, obesity, inflammation and type-
2 diabetes (DiNicolantonio et al., 2016). Contrary to
this, unsaturated fatty acids, especially polyunsaturated
fatty acids (containing two or more than two double
bonds in their structure) have been reported to have
positive effect on the health of the consumers. These
have been known to lower LDL cholesterol, and blood
pressure, while maintaining or improving cardiovascular
health. Studies have also reported them to exhibit
potential against mental disorders like, anxiety,
depression, and alzheimer’sdisease (Bork et al., 2022;
Homroy et a., 2023).

Thefoodindustry magjorly reliesonfatshighin saturated
fatsor trans-fatsfor formulating products requiring solid
or semi-solid fats for their texture and functionality.
These comprise of palm oil, butter, margarine (made
form PHV O). These products do not solvethe problem
of trans fats or high saturated fat content and low
unsaturated fat composition. Thus, modification
techniques play a crucial role to obtain products with
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desirabletechno-functional propertiesintermsof solid
fat content (SFC), melting and crystallization profile,
texture, plasticity and even oxidative stability (Dhiman
et a., 2024). These methods include hydrogenation,
fractionation, interesterification, and oleogelation. These
techniques have enabled the creation of tailored lipids
with specific functional attributes, including improved
shelf life, healthier fatty acid compositions, and
customized melting profiles. These modifications have
profound implications, not only for product performance
but al so for addressing consumer demandsfor healthier
and more sustainable food products.

This review aims to provide a concise yet
comprehensive overview of the major structural
modification technologiesused in lipid processing. By
examining these methods—ranging from traditional
chemical approachesto modern enzymatic processes—
this paper highlightstheir principles, applications, and
potential to shape future innovations in lipid-based
products. Additionally, it addresses the challenges and
opportunities that lie ahead for developing novel,
sustainable, and functional lipids to meet the growing
needs of variousindustries.

2. Need for modification of lipids

Thetraditionally available oilsand fatshave very varied
fatty acid profile, i.e., afew of them are composed of
high amount of saturated fatty acids, while others are
rich in unsaturated fatty acids. The WHO recommends
a 1:1.5:1 ratio of saturated: monounsaturated:
polyunsaturated fatty acids, and 5-10:1 ratio of omega-
6toomega-3ratiofor any oil to bereferred to ashealthy
(Dhyani et al., 2022). There is no such natural oil
availableto fulfill thisideal requirement despite of the
wide variety available. Therefore, lipid modification
technol ogies are becoming more popular to fulfill this
demand as consumers are becoming more aware of
their food choices and transitioning towards healthier
and nutritiousfoods.

Furthermore, the majority of fats employed in bakery
and confectionary industry are composed of saturated
fats, which have adverse implications on the health of
consumers. They even comprise of trans fats, when
developed from partially hydrogenated vegetable oil,
which even in small quantities pose harmful effect on

health, including an elevated rick of CVD and stroke.
In such a scenario, it isimportant to replace such fats
with healthy fats and oils. However, oilsrich in PUFA
and MUFA, such as perilla seed oil, chia seed oil and
olive ail have relatively lower thermal and oxidative
stability (Duetal., 2022). Thus, structural modifications
arenecessary to develop nutritiouslipidswith desirable
techno-functional and organoleptic properties.

3. Lipid Modification Technologies
3.1. Blending

Blending is a very simple and cost-effective method
for ameliorating the properties of oil by altering their
fatty acid profiles. It involves the blending of two or
more oils with different properties. This enhances the
nutritional profile of thefinal oil by alteringits’ overall
fatty acid composition, along with incorporation of
antioxidants and other bioactive compounds(L akhlifi El
Idrissi et al., 2024). It isa so the most acceptable method
as it doesn’'t involve any chemical treatments and is
non-destructive in nature (Sharma et al., 2023). The
oils can be blended to achieve a balanced fatty acid
composition and this can play amgjor roleinimproving
the health of the consumers. For instance, blending
peanut oil with omega-3 fatty acids from walnut oil
resulted in abalanced U6/U3 ratio adong with anincreased
oxidativestability (Lakhlifi El Idriss et al., 2024). Another
study observed an enhanced nutritional profile, sensory
properties and oxidative stability on blending of perilla
sed oil with olive ail (Torri et a., 2019). Similar study
with black cumin oil, rice bran oil and rapeseed ail
resulted in an improved PUFA/SFA along with u6/u3
ratio (Rudzifiskaet al., 2016). Thisalsoledtoanincrease
inantioxidant potential of the dil. Nevertheless, blending
also posesamajor drawback of phase separation, when
used for preparing blends using oils with different
densitiesand thermal properties. Thiscan beimproved
by processeslike hydrogenation and interesterification.

3.2. Hydrogenation

Hydrogenation is the process of conversion of
unsaturated fatty acidsto less unsaturated or saturated
fatty acids. This leads to an increase in the solid fat
content of the resulting vegetable oils, which is also
accompanied by ariseinits melting point (Kemeny et
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al., 2019). The processinvolvestheaddition of hydrogen
to the ail in presence of a catalyst. Hydrogenation has
major application in the bakery and confectionary
industry, where solid fat is desirable. This not only
enhances the textural profile of the fat, but also leads
to an improved oxidative stability. This method can be
classified aspartial and full hydrogenation. Theformer
resultsintheformation of afat with desirable functional
and textural properties, but with formation of trans-fats,
which have adverse effects on health of consumers
(Pokorny & Schmidt, 2010). This is magjorly used in
development of solid fatslike margarine and shortenings.
Fully hydrogenated fats have zero-transfats, but are so
hard, that they have very low applicability in the food
industry and need to be blended with other oils, to soften
them.

3.3.Fractionation

Fractionation isapromising technol ogy of oil modification
involving the separation of fractions of oil based on the
variationsintheir constituent TAG melting points. The
final productsincludeasolid and aliquid fraction of the
lipid, referred to as stearin and olein respectively
(Yylmaz & Adagindiiz, 2022). As compared to other
methods, fractionationisgenerally cheaper, smpler and
a safer technology.

Fractionation isan advanced oil modification technology
that involves separating oil into different fractions based
on the melting points of their triacylglycerols (TAGS).
The process yields two primary lipid fractions: asolid
fraction known as stearin and a liquid fraction called
olein. Compared to alternative methods, fractionation
isgenerally more cost-effective, ssmpler, and safer.

In industrial applications, there are three principal
techniquesfor fat crystallization: detergent fractionation,
solvent fractionation, and dry fractionation (Kayahan,
2002; Kellens et al., 2007). Among these, dry
fractionation is the most economical and
straightforward. Additionally, becauseit doesnot involve
chemicals, it avoids waste generation, making it one of
themost widely adopted methodsin edible oil processing
(Timms, 2005). Palm oil is the most frequently
fractionated oil, predominantly using dry fractionation
techniques (Omar et al., 2015). However, dry
fractionation cannot completely separatetheliquid from

the solid phase. In comparison, solvent fractionationis
moreefficient inreducing liquid oil entrapment, resulting
in higher oil yields and afirmer solid fraction. Despite
this, its higher cost and associated health risks, similar
to those of detergent fractionation, have diminished its
industrial usage (Huey, Let, & Beng, 2015). Furthermore,
detergent fractionation poses the risk of detergent
contaminationinthefinal products (Kelenseta., 2007).
Dueto these limitations, dry fractionation remains the
preferred method in the edible oil industry.

3.4.Interesterification

Interesterification isaprocess of rearrangement of fatty
acids in a mixture of triacylglycerides. This involves
the breakdown and reformation of ester bonds
connecting thefatty acidsti the glycerol backbone that
forms the basis of TAG structure. It is a major
technology used in thefood industry for modification of
physicochemical and functional attributes of the ail. It
isused as an alternate to processes like hydrogenation
to develop a trans-fat free fat for use application in
margarine and shortenings (Gibon & Kellens, 2014).
Thebrief process of interesterification has been depicted
in Figure 1. Interesterification can be differentiated as
chemical or enzymatic interesterification depending on
the type of catalyst used in the study. Chemical
interesterification is the most common method of
interesterification implemented at industrial scale. It
takes place randomly and lacks specificity. Additionally,
the separation is difficult and it also leads to the
production of more undesirable by-productsascompared
to enzymaticinteresterification, whichiscarried out in
presence of enzyme and is a more specific process. A
comparison between thetwo has been depicted in Table-
1. Amongst the technoliges discusses above, enzymatic
intersterification, desoite of its high cost is a potential
method to produce solid fatswith zero transfats, without
any major effect on theits organol eptic properties. The
different type of interesterification, based on the type
of type of substancesinvolved in the reaction has been
classified asfollows.
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Figure 1: Diagrammatic representation of Interesterification reaction

3.4.1. Acidolysis: Itisaprocessinvolving the transfer
of acyl groups amongst the TAG molecules and the
FFA groups. The reaction is generally catalyzed by an
acid-base catalyst resulting in partial hydrolysis of the
TAG molecule leading to formation of MAGs and
DAGs. These MAGs and DAGs react with FFAs to
develop new molecules of TAGs. This method is
considered quite effectivefor ameliorating the nutritional
properties of fats by incorporating novel FAs to the
TAGs. However, the processisnot economicaly friendly
duetoitshigh cost aswell asinefficienciesin separation
of the high concentration of FFAs formed.

3.4.2. Glycerolysis: In case of glycerolysis, the
reaction can either be catalyzed by an akali or an acid
(in case of chemical interesterification) or by lipase
enzyme (in case of chemical interesterification). The
processisinitiated by the reaction of one mole of TAG
with three moles of alcohol, thus forming amixture of
alkyl estersand glycerol (Kadhum & Shamma, 2017).
This glycerol then reacts with TAGs, which leads to a
transfer of acyl groups to finaly develop MAGs and
DAGs.

3.4.3. Trans-esterification: It is the process of
rearrangement of fatty acids amongst the same of
different TAG species. It isinitiated by the cleavage of
ester bonds linking the fatty acid to the glycerol

backbone (Jadhav & Annapure, 2021). This is then
followed by the reattachment of the fatty acid to a
different position, either on the same or different TAG
molecule.

Table 1: Difference between enzymatic and
chemical interesterification

Characteristic | Chemical Enzymatic
Catalyst Chemical Enzyme
Specificity X v
Temperature | T\ lA
Cost Low cost Expensive
By-product High Low
Environment Hazardous Environment
concern Friendly

3.5.Oleogelation

Oleogelation is a relatively recent method of lipid
modification used for converting liquid plant-based oil
to solid fat by application of oleogelators. Thishasbeen
used to develop novel food ingredients with functional
propertiessimilar to fats, but nutritional propertiesthat
of oil. They have been used in a variety of food
products, namely dairy, meat, bakery, and confectionery
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products. They offer a dual advantage as substitutes
for saturated and trans fatty acids as well as carriers
for water soluble bioactive compounds (Pehlivanoglu
et a., 2018). Additionally, they act as stabilizers in
productsthat don’t compriseemulsifiers, aidin ail binding
and enhancethethermal stability of hesat |abile products.

4. Food Applications of modified lipids

A vast majority of the resesrcherss had focused on
studying the sturctural and rheological characteristics
of the modified fats and lipids, however, only afew of
them had actually reported on their functionality for
potential applicationinfood formulations. Thissection
would cover some of the notable instances of these
applications for several food categories.

4.1.Bakery Fats

Bakery fats, primarily categorized as shortening and
butter (or margarine), are essential ingredientsin various
bakery productslike bread, biscuits, pastries, and cakes.
These fats play multiple rolesin dough and contribute
to the desired qualities of the final baked goods. They
act as a lubricant, promoting a tender texture, and
contribute to aeration, resulting in alarger volume and
a uniform cell structure (Dhiman et al., 2022).
Moreover, bakery fats help retain moisture, ensuring
the product remains soft and moist over time, thus
extending its shelf life. The quest to find suitable
replacements for bakery fats has led to the exploration
of fat mimetics like wax-based oil gels, polymer gels,
and structured emulsions (Gutiérrez-Lunaet a., 2021).
While these mimetics may not perfectly replicate the
rheological properties of dough made with traditional
fats, studies have shown that the final baked products
often exhibit comparable characteristics. For example,
a study demonstrated that cookies made with oil gels
from various natural waxes and vegetable oils had
similar hardness, spread, and fracturability to those
made with commercia margarine, despite variationsin
oleogel properties(Hwang et al., 2016). Similarly, it was
found that wax oleogels could replace shortening to
create softer cookies with a greater spread (Jang et
al., 2015).

Further research supports the viability of fat
replacement in various baked goods. Another research
successfully substituted up to 50% of shortening in

muffinswith fat mimeticswithout compromising quality,
and similar resultswere observed in gluten-free aerated
products with up to 45% replacement (1. K. Oh & Lee,
2018).

One area where fat replacement remains particularly
challenging is in laminated pastries like puff pastries
and croissants. These products require specialized roll-
in shortenings or laminate fats with specific plasticity,
melting range, and hardness (Patel et al., 2020).
However, promising advancements have been made by
utilizing modified structured emul sions as substitutesfor
these specialized fats.

4.2.Margarines and shortenings

Table spreads and margarines, which arefat-continuous
emulsions, havedifferent fat content depending ontheir
intended use. Low-fat spreads (35—42% weight) and
very low-fat spreads (<30% weight) aretypically used
for spreading on bread, while high-fat spreads (70-82%
weight) are mainly used for cooking or frying (Syan et
a., 2024). Solid fat contributesto these productsin three
main ways: it creates a crystalline network in the oil
phase, influencing texture and spreadability; it stabilizes
water droplets; and it enhances mouthfeel and flavor
release. Wax-based oil gels can mimic these functions
of fat and are commonly researched asfat replacements
in spreads and margarine. However, challengesremain,
including awaxy aftertaste, low firmness, and potential
instability over time. Plastic fats, widely used in food
processing, are traditionally made through partial
hydrogenation of vegetable oils. This process creates
unhealthy trans fats linked to cardiovascular disease
(Lakum & Sonwai, 2018). A healthier alternative,
designer lipid, are created by modifying triglycerides
through interesterification or acidolysis. These methods
don’t ater the fatty acid structure, avoiding trans-fat
formation .

Designer lipids can be created from various vegetable
oil sources. Unsaturated fatty acid sources like
sunflower, canola, cottonseed, and groundnut oils can
be combined with saturated fatty acid sources like
coconut and palm kernel oilsto create plastic fats with
specific physical properties (Jadhav & Annapure, 2021).
Thedistinctive attributes of plastic fatsinclude solid fat
index, crystal structure, and melting behavior, all of
which can be controlled through interesterification or
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acidolysis. SFI influences mouthfeel and spreadability,
with lower SFI at body temperature providing a better
mouthfeel. The &2 crystal structure isdesirablefor its
smooth appearance and moderate melting point. Several
studies demonstrate the use of designer lipidsasplastic
fats (Devi & Khatkar, 2016). One study blended milk
fat and palm olein, resulting in improved spreadability
and alower melting point. Another study created atrans-
fat-free margarine stock from soybean oil and corn ail,
achieving a desirable SFl and &2 crystal structure
(Lakum & Sonwai, 2018). A more recent study used
mustard oil, and palm stearin to create amodified lipid
with suitable SFl and &2 crystals(Manzoor et a., 2024).
These studies highlight modified lipids potential asa
healthy replacement for traditional plasticfats, offering
a better option for consumers concerned about
cardiovascular health.

4.2. Meat Products

Modified fatsare used in meat productsto reduce animal
fat and cholesterol, improve nutritional content by
increasing unsaturated fatty acids, and lower overall
calories. These replacements have been used in various
meat preparations, from sauces and battersto processed
meats like sausages and patties. For example, an ethyl
cellulose oleogel successfully replaced some beef fat
infrankfurters, maintaining similar texture compared to
theoriginal product (Kouzouniset a., 2017). In another
study, oil gelsfrom hydrophilic polymerswere usedin
patties, with a 50% replacement achieving the best
results and significantly improving the saturated to
unsaturated fat ratio (1. Oh et al., 2019).

4.3. Confectionary

A major challenge in maintaining the quality of
chocolate and confectionery productsis preventing oil
migration and leakage during storage. Since solid fat
typically acts as an oil binder, replacing it with fat
mimetics requires careful consideration to avoid
compromising product stability. Traditionally,
hydrogenated oils, added at 2%wt or less, have served
astheprimary oil binders. However, recent studieshave
demonstrated the successful use of alternative
structuring agents, such as shellac wax and hydrophilic
cellulose derivatives, to replicateoil binding functionality
in peanut butter and chocol ate paste formulations. These

structuring agents, added at levelsof 1-2%wt, achieved
comparable stability and rheological properties to
traditional formulations. Cocoabutter, akey ingredient
in chocolate and confectionery, is expensive and
sometimes scarce. Therefore, food scientists are
developing cost-effective alternatives using abundant
vegetable ails like palm ail, olive oil, mango fat, and
canolaoil. Palm oil is often favored dueto itslow cost
and suitable fatty acid composition. These alternatives
aim to replicate cocoa butter’s unique fatty acid
composition, which alowsit to melt at body temperature.
This involves creating modified lipids through
interesterification, a process that rearranges the fatty
acidsintriglycerides. For example, one study used pam
mid-fraction and stearic acid with an enzymeto create
adesigner lipid with similar propertiesto cocoa buitter,
achieving acomparablefatty acid distribution and crystal
structure (Huang et al., 2021). Another study used
Cinnamomum camphora seed oil and hydrogenated
palm oil to create a medium-chain fatty acid-rich
structured lipid with a similar melting point to cocoa
butter (Xu et a., 2018). It's important to distinguish
between “ cocoa butter equivalents’ and “ cocoa butter
substitutes.” Equivalents, derived from plant fatswithout
lauric acid, closely mimic cocoa butter’s properties.
Substitutes, which contain lauric acid, do not. Some
studies have al so explored devel oping substitutes using
pamkerne oil and fully hydrogenated palm oil, resulting
inaproduct with adifferent crystal structurethat allows
chocolate production without tempering.

5.0. Conclusion and future aspects

The recent government initiatives imposing aremoval
of transfatsal ongwith limiting saturated fat consumption
have led to an increased interest of industries and
researchers towards innovations involving fat
reformulation and lipid modification. Furthermore, the
transformation of consumer perception towards
healthier food is another reason for researchersto ook
for healthier alternate sources of traditional fats, which
are rich in saturated fat and comprise of trans fats.
Modified lipids, not only exhibit animproved nutritional
profile, but also do not alter the sensory attributes of
the food products.
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Abstract

Consumer health and product functionality are both
critical factorsin food formulation. Fats, as a primary
energy source, significantly impact the shelf life, flavor
and texture of food products. However, their health
implicationsdiffer based ontheir chemical structureand
source. Fat replacement is a key innovation to reduce
fat content in food products, either through fat substitutes
or fat mimetics. Fat replacers, such as dietary fibers,
whey protein concentrate, and starch-based
alternatives, can lower fat and cal orie content without
compromising food quality. These alternatives can
improve health outcomes by reducing calorie intake,
which may lower therisk of obesity and cardiovascular
diseases. Saturated fats, linked to heart disease, can be
reduced or balanced with unsaturated fats, appealing
to health-conscious consumers. Omega-3 fortified
products, richin polyunsaturated fatty acids, offer added
health benefits but stability and taste must be managed
due to susceptibility to oxidation. Despite these
advancements, developing low-fat products remains
challenging duetothecritical rolesfat playsin sensory
attributes. Key characteristics like smooth, creamy
texture, rich flavor, and satiating effectsareinfluenced
by fat droplets, making it crucial to maintain these
qualities for consumer satisfaction. Successful fat
reduction strategies must preserve both the sensory and
nutritional characteristicsof foods. Ongoing innovations
in fat replacement technologies provide promising
opportunities to create hedthier food products without
sacrificing functiondity or tastebut they do not comewithout
limitations. Balancing health benefits with consumer
preferencesremainsapriority inthisevolving field.

Keywords: Micronutrients, Triglycerides, Cholesteral,
Trans fats, Speciality fats, Saturated fats, unsaturated
fats.

I ntroduction

Fats are one of the three essential macronutrients and
are essential to human nutrition. They not only provide
energy and help in transporting fat-soluble vitamins
but are also essential for hormone synthesis. Other than
this, healthy growth and metabolism depends on the
consumption of essential fatty acids. Additionally, fats
lubricate the gastrointestinal tract and areacrucial part
of cell membranes. In our diet, lipidsand fatsgenerally
consist of triacylglycerols, free and esterified fatty acids,
sterols (e.g., cholesterol), phospholipids, non-glyceride
components of fat (fat soluble vitamins, oryzanol,
sesame lignans, etc.) They are essential for flavour,
texture, palatability in addition to structural and sensory
aspect of food. Fat creates a sense of fullness by
delaying hunger and lengthening the transit time through
the gut.

However, the type of fat used in food processing has
significant implicationsfor human health. Certain types
of fats are being linked to increased risks of chronic
diseases, such as cardiovascular disease, obesity and
type 2 diabetes (Siri-Tarino et al., 2015; Khosla
&Khosla, 2017). WHO suggests that fats should
contribute between 20-35% of total daily energy intake.
Saturated fats (SF) should account for less than 10%
and transfats must be limited to fewer than 1% of total
consumed energy (WHO, 2010). The use of trans fat
developed in the process of partia hydrogenation of
oilshas been popular in food industry dueto itsstability
andlong shelf life(Amico et al., 2021). However, dietary
transfatsislinked with increased levels of low-density
lipoprotein and decreased levels of high-density
lipoprotein, which contributesto negative cardiovascul ar
effects (Anderson et al., 1961). This resulted in trans
fatsbeing largely phased out in many countriesfollowing
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regulatory measures. In 2015, U.S. Food and Drug
Administration stated trans fats as not “Generally
Recognized as Safe” (FDA, 2024).

In response to these regulatory and consumer-driven
changes, the food industry has sought alternative fat
sources and innovative fat replacement strategies with
an emphasis on reducing or replacing harmful fatslike
transfats and saturated fat (Amico et al., 2021). These
include the use of unsaturated fats, such as plant-based
oils (e.g., alive, sunflower, and canoladils), aswell as
emerging technologies involving fat mimetics and
structured lipids designed to mimic the functional
propertiesof traditional fatswithout the associated health
risks. Such shiftsin fat usage raiseimportant questions
about the nutritional implications of these substitutes,
including their long-term effects on human health, food
quality, and overall consumer acceptance
(Nourmohammadi et a., 2024; Marcus 2013).

This review aims to explore the nutritional properties
of different fats which can guide product devel opment
decisions. By mapping current research and identifying
key developmentsin fat replacement technologies, this
review will provide acomprehensive understanding of
how the food industry is responding to the call for
healthier, more sustainable fat choices.

Typesof fat and implicationsfor product
development

1. Saturated Fats (SF)

Existence of single bonds between carbon atomsalong
with high melting point and solid state at normal
temperature are features of SFs. They are not
susceptible to further oxidation and rancidity when
exposed to theatmosphere. Itisfound inanimal products
like ghee, butter, lard, dairy, meat and sometropical oil
sources (coconut oil, palm oil). Nutritionally, they are
knowntoraiselevelsof LDL cholesterol (oftentermed
“bad” cholesterol) in blood, which is associated with
increased risk of heart disease (Vieira et a 2015).
However, the link between SFs and heart disease is
more complex and may depend on the overall dietary
context.

Implications for Product Development

Consider reducing or balancing the amount of SF,

possibly by blending with unsaturated fats, to appeal to
health-conscious consumers. For certain applications,
like bakery products, the use of SFs can be crucial for
the desired texture and flavour, necessitating abalance
between product quality and nutritional profile (Vieira
et a 2015). In productslike baked cookiesfluffy texture
can be given by incorporating air through solid fats. It
aso helpsin minimizing the migration of il from the
product asin case of crackers and cookies. Solid fats
areimportant for providing aflaky textureto food like
pastries. This texture is achieved by inhibiting the
formation of a gluten network. Solid fats are used for
the mouthfeel of creaminessin milk and yogurt aswell
asfor providing lubrication to the productslikeicecream
and mests, SFAsareimportant to give melting mouthfeel
asin case of chocolates. They form anetwork of solid
crystalsthat areimportant for texturein food likefrozen
desserts. (Rioset d., 2014; Vieriaet a, 2015; Rao, 2003;
Collaetal., 2018).

2. Unsaturated Fats

Unsaturated fats primarily consist of double bondsin
carbon chain. They are usually liquid at normal
temperature and known for their low melting points.
They are susceptible to further oxidation and rancidity
when exposed to the atmosphere and hence an
antioxidant is required to prevent rancidity (Decker et
a., 2010). MUFA improves blood cholesterol levels,
which in turn reduces the risk of heart disease. For
examplerich sourceof oleicacid areoliveoil, avocado,
groundnut, rapeseed, mustard, canola, ricebran and
seasame. Examplesof PUFAsarelinolenicacid, linoleic
acid, docosahexanoic acid, arachidonic acid,
eicosapentanoic acid. Long chain PUFAS, specifically
docosahexaenoic acid and arachidonic acid issignificant
for growth and development during early life stages.
Omega-3 is particularly found in sources such as
flaxseeds, fish, walnuts, legumeswhereas omega6 rich
oils include sunflower, safflower, corn oil. Omega-3
fatty acids are particularly noted for their role in heart
health, reducing inflammation, and supporting brain
function. Deficiency of linolenic and linoleic acid is
associated with skin lesions and other adverse effects.

Implications for Product Development

Unsaturated fatty acids become rancid easily and
produce off flavours and toxic-compounds decrease the

January - December 2023 & 2024

53

JLST Vol. 55 & 56 No. (1-4)



Review Articles

shelf lifeand destroy vitamins. Therefore, incorporation
of theseinto prepared food could be challenging (Vieira
et al., 2015; Decker et ., 2010). But since unsaturated
fatty acidsare considered comparatively healthier than
saturated fats, formulating products with unsaturated
fats can enhance their health appea with consumers.
Omega-3 fortified products can be marketed for their
added health benefits, though stability and taste must
be carefully managed due to omega-3's sensitivity to
oxidation.

3. Trans Fats

Trans fats are produced through hydrogenation, a
process that transforms liquid oils into solid forms at
room temperature. This method increasesthe shelf life
and stability of fatsbut hasbeen linked to negative hedlth
effects, particularly concerning heart health. Transfats
increase levels of LDL cholesterol while decreasing
HDL levels. Due to associated health risks, trans fats
have been banned or strictly limited in many countries.

Implications for Product Development

The use of transfats should be minimized or avoided in
product formulations to comply with regulations and
meet consumer health expectations. Innovation with
aternatives that provide similar functionality in terms
of texture and shelf life without the health risks, such
as interesterified fats or blends of saturated and
unsaturated fats.

4. Functional and Specialty Fats

These include structured lipids and fats designed for
specific health benefits or functional propertiesinfood
applications. Examples include medium-chain
triglycerides (MCTs) for energy productsor phytosterol-
enriched fatsfor cholesterol-lowering properties.

Implications for Product Development

Specialty fats can offer acompetitive edgefor products
aimed at niche markets or specific health concerns. The
formulation must carefully consider the cost, regulatory
approval, and consumer perception of these specialized
ingredients.

L andscape of Fat Usageand I nnovations
in Fat Replacement

In 2023, the low-fat product market was valued at

approximately $8.9 billion, with projections suggesting
it could reach around $17.9 billion within the next
decade. The market isanticipated to undergo significant
growth with a compound annual growth rate of 7.2%
(FMI, 2023). SF replacement requiresfinding asolution
which provides similar physico-chemical properties,
leading to increased use of tropical oils like coconut
and palm (Amico et a.,2024).

Merely lowering the fat content of food will alter its
chemical and physical makeup aswell asitsphysiologica
and sensory aspects. Therefore, fat replacers serve a
variety of purposes in food, including stabilizing,
emulsifying, thickening, and supplying texture (Wylie-
Rosett, 2002). Fat replacers areingredientsthat could
provide some or al functions of fat and at the same
time giving lesser calories as compared to fat.
Additionally, they may aid in averting the harmful
consequences of consuming too much fat (Therdthai,
2022).

Essentially, there are two types of fat replacers: fat
mimetics and fat substitutes. Ingredientsthat resemble
fatsintermsof physiochemical propertiesand chemical
structure are known as fat substitutes. They are either
indigestible or provide fewer calories per gram.
Componentswith chemical structuresthat aredistinctly
different from fat are known asfat mimetics (O’ Connor
& O'Brien, 2011). Usually, they are protein or
carbohydrates based. Their various functional
properties, including viscosity, mouthfeel, appearance
and replicate some of the physicochemical
characteristics and desirable sensory attributes of fat
(Loganet al., 2006; O’ Sullivan et al., 2017).

Fats substitutes

Fat substitutes resembl e the appearance, texture, taste
of original fats. They are of threetypesnamely protein,
carbohydrate and fat-based. Carbohydrate-based fat
substitutes retain water which gives a creamy texture.
Additionally, it also providesform and structure which
resembles as given by fat (Wylie-Rosett, 2002). But
they are not generally preferred for cooking or frying
(O’ sullivan, 2017). Carbohydrate-based fat substitutes
areemployed in productslike cakes, cookies, dairy, sdlad
dressing, frozen desserts. Carbohydrate based
hydrocolloidsare high weighted hydrophilic bipolymers
having high water retention capacity. For replacement
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of cocoa butter an oat beta glucan based hydrocolloid
can be used in chocolate production. Protein-based
substitutes are blended to hold water which gives a
creamy texture. They are used in products such as
butter, cheese, ice creams, sour cream, mayonnaise,
dairy, salad dressings. Examples include milk,
microparticulated protein, egg white, whey protein
concentrate. They contribute less calories and total fat
(Bhattacharya, 2023). Due to the structural changes
caused by hest, they are unsuitablefor baking or frying
(O’ Connor & O'Brien, 2011). Fat-based fat substitutes
often contain a higher concentration of fatty acids as
compared to triglycerides, making them excessively huge
for digestion, therefore, they do not contribute to fats
or energy. However, consuming themin large quantities
may lead to a deficiency in fat-soluble vitamins or
gastrointestinal issues. They can be substituted in
chocolate, savories, baked goods, snacks and
confections. Examples include Caprenin mono- and
diglycerides, Olestra, Salatrim and short andlong chain
fatty acids (O’ Connor & O’Brien, 2022).

Fat mimetics

They replicatethe structural and sensory characteristics
of conventional fats present in food products. They are
categorized into carbohydrate, protein and fat-based
(Nourmohammadi et al., 2024). Protein-based mimetics
are appropriate for products that experience milder
cooking methods for example baking or retorting.
However, frying is not advisable, as the protein can
denature, resulting in a loss of its creamy sensory

characteristics (Marcus, 2013). Nutritionally, protein-
based fat mimetics of plant origin lack cystine and
methionine and have anti nutritional factorsliketrypsin
inhibitors, hence additional processing is required
(Bohrer et al., 2017; Vélez-Erazo et al., 2022).
Carbohydrate-based fat mimetics serve as fat
replacements by retaining water inside the food product
and forming amatrix that resemblesgel. By thisprocess
thickness and structure is enhanced and thereby a
creamy textureidentical to conventional fat productsis
created. Their useislimited asthey are not suitablefor
frying (Marcus, 2013). However, water activity in such
food product increases which increases microbial
growth and reduces shelf life (Aswathy, 2023). Fat
based fat mimetics such as organogels consist of
organogelators, liquid oil, crystalline additives as well
as surfactants (Marcus, 2013). They consist of a bulk
liquid oil that isencapsulated by aminimal concentration
of solid lipid material (organogel ators) of lessthan 10%
by weight. This combination forms a network where
the liquid oils are intertwined with the organogel ators
and createsalipo-philicliquidinsdeathermoreversible,
three-dimensional gel structure (Sirgj et al., 2015).
Confectionery and bakery products like candies and
chocolate have cream either inside or on top of the
product which primarily constitutes of SFs and
unsaturated fats (Stortz et al., 2012). But fat blooms
and cracks appear on the surface of the product as a
result of melting and movement of fat from cream.
Therefore, organogelators with the help of their ail
withholding characteristics can be employed for
prevention or reduction of oil movement and hence, the

Table 1: Fat Substitutes: Examples and Use

Type of Fat Substitute | Examples Use Cases

Carbohydrate-based Carrageenan, cellulose gels, cornstarch, fruit | cake and cookie mixes, dairy products,
purees, guar gum, Oatrim, Z-trim, frostings, frozen desserts, salad
maltodextrins, polydextrose, xanthan gum dressings

Protein-based Milk, Egg white protein, microparticul ated butter, cheese, dairy products, ice
protein (e.g., Simplesse), whey protein cream, mayonnaise, salad dressings,
concentrate sour cream

Fat-based Short chain fatty acid, long chain fatty baked goods, chocolate, confections,
acids Caprenin, mono- and diglycerides, snacks, savory products
Olestra, Salatrim, acid
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Table 2: Fat mimetics: Examples and use cases
Type of Fat Mimetic | Examples Use Cases
Protein-based Simplesse (microparticulated whey protein), | Dairy products, salad dressings, frozen
Dairy Lo (whey protein), K-Blazer desserts, table spreads.
(Kraft Foods)
Carbohydrate-based Gums (e.g., guar gum), dextrins, Biscuits, cakes, cookies, ice cream
maltodextrins, polydextrose, cellulose
derivatives, starch derivatives, oat flour
derivatives
Fat-based Organogels, emulsion, structured lipids Confectionery candies, chocolates, meat

quality of the product will remain intact. Apart from
being used in confectionery, organogels can also be
employed in the meat industry to improve lipid
composition (Sirgj et al.,2015).

Conclusion

Consumer demand is driven by health concerns with
respect to fat replacement. SFsare essential in products
like pastries, ice cream, chocolate, cakes and cookies.
Saturated and trans fats pose a risk to heart health,
therefore moderation in consumption isrecommended.
Novel andinnovativefat replacement optionsare crucia
without compromising quality, texture or taste. Although
fat replacement offers fewer calories and less health
risk, itisnot freefrom limitationslike reduced shelf life
and inability to fry. Safety of the ingredients used is
also vital to consider so that the products are healthier
than the ones they are replacing. It is crucial for the
industry to have confidence in the fat replacements
methods they utilize, thus, research in this area should
be atop priority.
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Abstract

Thereduction of transfatsin bakery productsisacrucial
endeavor driven by public health concernsand regul atory
mandates, particularly those from the Food Safety and
Standards Authority of India (FSSAI). Trans fats are
associated with a range of health issues, including
cardiovascular disease, diabetes, and obesity. However,
their removal or reduction presentssignificant challenges
intermsof maintaining sensory qualitiessuch astexture,
flavor, and shelf life. Thisreview exploresthe scientific
background of trans fats, evaluates the sensory and
health impacts of their reduction, and presents strategies
and alternativeingredientsthat can be employed by the
baking industry. Thereview also considersadvancesin
emulsifiers, oleo gel's, antioxidants, and other functional
ingredientsthat could offer solutionsto these challenges,
while highlighting the role of consumer adaptation and
education in thetransition to healthier formulations.

Keywords: Trans-fat, Bakery products, Sensory quality,
FSSAI guidelines, Alternativefats, Emulsifiers, Oleo gels

1. Introduction

Trans fats, a type of unsaturated fat containing trans-
isomeric fatty acids, have been atopic of concern for
decades due to their role in increasing low-density
lipoprotein (LDL) cholesterol and decreasing high-
density lipoprotein (HDL) cholesterol. These effects
contributeto aheightened risk of cardiovascular diseases
(CVvD), as well as other metabolic disorders such as
diabetesand obesity (Mozaffarian et a., 2006; Brouwer
et a., 2010).

Bakery products, including pastries, cookies, and cakes,
are among the largest contributorsto dietary transfats.

These products rely on partially hydrogenated oils
(PHOs), which impart desirable textural and sensory
qualities (De Deckere et al., 1998). However, with
growing evidence of the adverse health effects of trans
fats, regulatory bodies like the FSSAI have imposed
stringent guidelines limiting their content in food
products. This review delves into the technological
challenges of reducing trans fats in bakery products
and explores viable alternatives to maintain product

quality.

2. Regulatory Background and Health
I mpacts

The FSSALI, aligned with the World Health Organization
(WHO), has set guidelines to reduce the trans-fat
content in edible oilsand fatsto 2% by weight by 2022.
Thisisinlinewith globd effortsto eliminateindustrialy
produced trans fats from the food supply. A significant
body of research links trans fat consumption to an
increased risk of coronary heart disease (CHD), with
estimates suggesting that replacing trans fats with
healthier fats could prevent up to 500,000 premature
deaths annually worldwide (WHO, 2019). Studies such
as Mozaffarian & Micha (2017) have established the
strong association between trans fat consumption and
adverse health outcomes, reinforcing the urgency for
reformulation in the food industry.

3. Challenges in Sensory Quality and
Technological Functionality

The functional role of trans fats in bakery productsis
well-documented. Trans fats contribute to product
aeration, lamination, and moistureretention, key factors
in the sensory attributes of flakiness, tenderness, and
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shelf life (Reddy et al., 2020). Reducing or eliminating
transfatswhile maintaining these qualities poses several
challenges:

3.1. Texture and Mouthfedl

Trans fats contribute to the smooth and creamy
mouthfeel characteristic of many baked goods. When
hydrogenated fats are removed, products can become
dense or dry (Grundy et al., 2012). Research indicates
that liquid oils, such as sunflower or canola oils, lack
the solid crystalline structure necessary to mimic these
textural qualities (Ghotra et a., 2002). Alternative fat
systems, including interesterified fats, palm-based fats,
and structured emulsions, are being explored to replicate
the role of trans fats.

Oleo gels—structured systems of liquid oilsgelled with
oleogel ators—offer apromising solution. Studieson 12-
hydroxystearic acid and ethyl cellulose-based oleo gels
have shown potential in replicating the solid fat content
required for texture in bakery products (Patel &
Dewettinck, 2016; Martini & Clegg, 2012).

3.2. Flavour and Aroma

Trans fats also carry flavors and contribute to the
browning reaction during baking, enhancing aromaand
taste (Prentice, 1997). Replacing these fats can lead to
aloss of flavor intensity, requiring the use of flavor
enhancersor fat mimetics. Research by O’ Brien (2004)
and Poorthuis et al. (2019) indicates that natural
antioxidants, such as tocopherols, and fat-replacing
emulsifierscan stabilize flavor compoundsand prevent
off-flavors, while sensory panels are used to adjust
flavor profilesin reformul ated products.

3.3. Shelf Life

Trans fats have long been favored for their oxidative
stability, which prolongs the shelf life of baked goods.
When replacing transfatswith unsaturated oils, therisk
of lipid oxidation increases, potentially leading to
rancidity (Warner, 2009). Natural antioxidants like
rosemary extract and tocopherols have been widely
studied for their ability to prevent oxidation (L épez-
Varela et al., 1995). Packaging innovations, such as
oxygen-barrier films, can also hel p extend shelf life by
minimizing exposureto oxygen.

4. Alternative Fats and Emulsifiers

To maintain the sensory and functional properties of
bakery products, various fat substitutes have been
explored. These alternativesinclude:

4.1. Interesterified Fats

Interesterification is a process where the fatty acidsin
oils are rearranged to alter their melting properties.
Studies by Boukouvalas & Rousseau, (2021) show that
interesterified fats can provide the solid fat content
needed for texture, without introducing trans fats.

4.2. Palm-Based Fats

Palm oil and itsderivatives, including palm stearin, are
frequently used as trans-fat replacements due to their
solid nature at room temperature. However, the
environmental and sustainability concerns associated
with palm oil have led to efforts to source responsibly
produced palm fats (Che Man et al., 1999).

4.3. Structured Emulsions and Oleo Gels

Structured emulsionsthat incorporate high-oleic oilsor
oleo gels offer apromising approach for fat reduction
in bakery products. Research by Martins, A.J., Vicente,
A.A., & Cunha, R.L. (2020) has demonstrated that oleo
gelscan mimic the plasticity and aeration properties of
traditiona fats, whileasoimproving thenutritional profile
of the product.

5. Successful Strategies and Industry
Practices in Trans-Fat Reduction

Theglobal food industry hasbeen proactivein addressing
the challenges of trans-fat reduction, employing various
strategies to maintain product quality while complying
with regulatory standards. This section explores what
has worked, the studies available, and the initiatives
undertaken by the industry in India and abroad.

5.1.Case Studies of Successful Trans-Fat

Reduction

5.1.1. IndiasInitiative: InIndia, major food companies
have responded to FSSA I’ sregul ations by reformul ating
their products. For instance, Britannialndustriesreduced
trans-fat content across its biscuit range by switching
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to healthier fats and optimizing baking processes
(FSSAI, 2020). Similarly, Parle Products adopted
alternative fat systems and improved emulsification
techniquesto maintain texture and tastewhile e iminating
trans fats (Economic Times, 2019).

A study by Bansal et al. (2015) analyzed the fatty acid
composition of Indian snack foods and found significant
reductions in trans-fat content following regulatory
interventions. Theindustry leveraged locally available
oils, such as rice bran and groundnut oil, which are
naturally low in trans fats and rich in beneficial fatty
acids.

5.1.2. International Efforts: Globally, companies like
Nestlé and Unilever have led the way in trans-fat
reduction. Nestlé reformulated its products by
incorporating interesterified fats and using enzyme
technology to modify fat propertieswithout generating
transfats (Nestl€, 2018). Unilever invested in research
to develop fat blends that provide the desired
functionality in spreadsand baked goods, utilizing amix
of tropical oilsand high-oleic sunflower oil (Unilever,
2017).

In Denmark, the government implemented strict trans-
fat regulationsin 2003, leading to the near elimination
of industrial transfatsfrom the food supply. Stender et
al. (2006) documented how Danish bakeries
successfully replaced partially hydrogenated fats with
blendsof butter and vegetableoils, achieving compliance
without compromising product quality.

5.2. Technological Innovationsin Fat Replacement

5.2.1. Enzymatic Interesterification: Enzymatic
interesterification (El) has emerged asaviable method
to producetailor-madefatswith desired melting profiles.
El involves rearranging fatty acids on the glycerol
backbone using lipase enzymes, resulting in fats that
mimic thefunctionality of transfatswithout their health
risks (Zhou et a., 2012). Studies have demonstrated
that El fats can improve the textural properties of
cookies and cakes, offering a practical solution for
bakers (Ribeiro et al., 2009).

5.2.2. Use of Oleogels: Research into oleogels has
expanded, with studies showing that ethyl celluloseand
wax-based oleogels can successfully replace solid fats
in baked goods. Yilmaz & Oclitcii (2014) reported that

olive oil oleogels structured with beeswax provided
acceptable texture and sensory attributes in cakes.
Further, Tara gum and sunflower wax oleogels have
been used to replace margarine in puff pastry, yielding
products with comparable flakinessand taste (Li et al .,
2019).

5.2.3. High-Oleic Qils: High-oleic variants of sunflower
and canolaoilsoffer improved oxidative stability and a
healthier fatty acid profile. These oils have been used
to create shorteningsand margarines suitable for baking
applications. A study by Przybylski & Aladedunye (2012)
highlighted the effectivenessof high-oleic oilsin reducing
trans-fat content while maintaining product quality.

5.3.Emulsifiers and Stabilizers

Advanced emulsifiers, such asmono- and diglycerides,
lecithin, and polyglycerol esters, have been employed
to enhance dough propertiesand extend shelf life. These
emulsifiersimprove the gas-hol ding capacity of dough,
resulting in better volume and crumb structurein baked
goods (Krog, 2003). Additionally, the use of
hydrocolloidslike guar gum and xanthan gum can mimic
the mouthfeel provided by fats, contributing to sensory
quality (Rosell et al., 2001).

6. Industry Practices in India and
Abroad

6.1 Indian Industry Adaptations

TheIndian baking industry, comprising both large-scale
manufacturers and small-scale artisanal bakers, has
demongtrated resiliencein adapting to trans-fat reduction
regulations. Several key technical strategies have been
employed:

Useof Hedlthier Fat Alternatives: Indian manufacturers
haveincreasingly adopted indigenous oilswith favorable
health profiles, such as rice bran oil, mustard oil, and
sesame oil. These oilsarerich in monounsaturated fats,
which offer not only health benefits but also enhance
theflavor profiles of baked products. Researchinto lipid
modification technol ogies, such asinteresterification, has
hel ped reformulate fat blends that maintain the desired
textural propertieswithout introducing transfats.

Process Optimization: Manufacturers have optimized
baking processes to compensate for changes in fat
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composition. Adjustments to baking temperatures,
mixing times, and cooling protocols have been key to
maintaining product quality intermsof texture and shelf
life. For example, controlled lamination techniquesfor
puff pastriesallow for the use of semi-solid oilswithout
sacrificing the flaky texture typically achieved by
hydrogenated fats.

Emulsification and Structuring Technologies: Indian
producers are incorporating advanced emulsifiers and
fat-structuring agents, such aslecithin, monoglycerides,
and hydrocolloidslikexanthan gum. These additiveshelp
stabilize the dough and replicate the creamy mouthfeel
previoudy imparted by transfats. Additionaly, structured
emulsions have been applied in large-scale bakeriesto
reduce fat while maintaining aeration and moisture
retention during baking.

Collaborative Research: Indian industry players, in
partnership with academic institutions like the Central
Food Technological Research Institute (CFTRI), have
spearheaded research into trans-fat alternatives,
resulting in pilot studies and scaled-up applications.
CFTRI has developed fat-replacer formulations that
incorporate a mix of healthier oils and functional
ingredientsto meet the regulatory limitswhile preserving
the sensory appeal of baked goods.

Consumer Education and Marketing: Major brandslike
Britannia and Parle have been proactive in educating
consumers about the health benefits of their newly
formulated products. These companies leverage
packaging claims and digital marketing to build trust
around healthier alternatives, ensuring that
reformulations align with both regulatory mandates and
consumer preferences for taste and quality.

6.2 Global Industry Trends

Internationally, the food industry has adopted several
cutting-edge practices to eliminate trans fats while
maintaining high standardsfor sensory quality, shelf life,
and consumer satisfaction. Key innovationsinclude:

Enzymatic Interesterification (El): The use of enzyme-
catalyzed interesterification is one of the most widely
adopted strategies for creating zero-trans-fat bakery
products. Thismethod allowsfor the reconfiguration of
fatty acids to mimic the functionality of traditional
hydrogenated fats. L eading companies, such as Nestlé

and Unilever, have implemented this technology to
produce healthier fatswith customized melting profiles
that suit various baking applications(Nestlé Global,
2018).

Oleogels and Structured Fats: Oleogels—solidified
structures of liquid oils—have emerged asapromising
aternative to trans fats. Research into sunflower wax,
beeswax, and ethyl cellulose-based oleogels has
demonstrated their ability to replicate the plasticity and
mouthfee of solid fatsin baked goods. Leading bakeries
have begun to integrate oleogelsinto formulations for
cakes, cookies, and pastries, achieving desirable sensory
qualities without the health risks of transfats.

High-Oleic Oils and Palm Derivatives: High-oleic
sunflower and canolaoils have gained popularity dueto
their enhanced oxidative stability, which prolongs shelf
life without the need for hydrogenation. Palm-based
fats, particularly responsibly sourced palm stearin, are
used for applications requiring semi-solid fats at room
temperature. However, due to sustainability concerns,
the Roundtable on Sustainable Palm Oil (RSPO)
certification is becoming a standard industry
requirement.

Advanced Emulsification Systems: Multinational
companies have invested in next-generation
emulsification technol ogiesto maintain dough stability
and achievethe desired crumb structurein baked goods.
For example, emulsifierslike polyglycerol polyricinoleate
(PGPR) and hydrocolloid stabilizers are increasingly
used to enhance gas retention in doughs and improve
the final product’s texture. These technologies also
contribute to extending the shelf life of baked products
by preventing oxidation and moistureloss.

Packaging Innovations: M odified atmosphere packaging
(MAP) and vacuum-sealed films are becoming more
prevalent as they prevent oxidation and maintain the
quality of trans-fat-free products without the need for
artificial preservatives(Yam, Takhistov, & Miltz,). These
packaging technol ogies create acontrolled environment
inside the packaging, reducing exposure to oxygen and
thereby slowing down lipid oxidation in products made
with unsaturated fats.

6.3 Regulatory Compliance and Global Standards
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Compliancewith global trans-fat regulations hasbecome
acritical driver for reformulation acrossindustries:

Continuous Monitoring and Testing: Companies are
required to regularly analyze fat content through
advanced chromatographic methods (e.g., gas
chromatography), ensuring compliance with trans-fat
reduction mandates. Additionally, continuous monitoring
of product stability and sensory attributes helps
companies quickly adapt formul ations when necessary.

Alignment with Codex Alimentarius: Globally recognized
standards, such asthose set by the Codex Alimentarius,
guidetrans-fat regulation across borders. Countriesthat
have implemented trans-fat limits, such as Denmark,
the U.S., and Canada, have seen major food producers
reformulatetheir products using fat blendsthat comply
with these stringent standards.

Research and Development (R&D) Investment:
Companies have significantly increased R& D budgets
to stay competitivein thetrans-fat-free market. Leading
firms are exploring biotechnol ogical innovations such
as gene-edited oilsand advanced enzyme technol ogies
to develop fat alternativesthat not only meet regulatory
standards but also address growing consumer demand
for sustainable and health-conscious products.

7. Impact on Sensory Quality and
Consumer Acceptance

7.1. Sensory Evaluation Studies

Sensory studieshavebeen crucial in ng consumer
acceptance of trans-fat-reduced products. A study by
Ghoshal & Kaushik (2018) found that consumerscould
not distinguish between standard and trans-fat-free
biscuits in blind taste tests, indicating successful
reformulation. Similarly, sensory panels conducted by
Sakinah et al. (2018) on cakes made with oleogel -based
shortenings reported high acceptance scores.

7.2. Consumer Education

Educating consumers about the health benefits of
reduced trans-fat consumption has been essential. Public
health campaignsand labeling initiatives haveincreased
awareness, influencing purchasing decisions (Downs

et al., 2013). The FSSAI’s “Eat Right Movement” in
India exemplifies efforts to promote healthier food
choices (FSSAI, 2018).

8. Future Prospects and Research
Directions

8.1. Novel Fat Replacers

Emerging research focuses on the use of plant-based
proteins and polysaccharides as fat replacers. For
example, chia seed mucilage and flaxseed gum have
shown potential in reducing fat content while enhancing
nutritional value (Cordeiroet al., 2018).

8.2. Biotechnology Applications

Advancements in biotechnology, such as genetically
modified oilswith customized fatty acid profiles, could
offer long-term solutions. High-stearic soybean oil,
developed through genetic modification, provides a
stablefat with low trans-fat content suitable for baking
(Livetal., 2016).

8.3. Personalized Nutrition

The trend towards personalized nutrition may lead to
thedevel opment of bakery productstailoredtoindividual
health needs, leveraging data analytics and
nutrigenomics (Ordovéset al., 2018).

9. Conclusion

Trans-fat reduction in bakery products has witnessed
significant progress, driven by regulatory mandates,
technological innovations, and consumer demand for
healthier foods. The industry has demonstrated that it
is possible to reduce or eliminate trans fats without
sacrificing sensory quality, through the use of dternative
fats, emulsifiers, and process optimizations.

Studiesand industry practicesbothin Indiaand globally
highlight successful strategiesthat can serve asmodels
for ongoing efforts. Continued research, coupled with
consumer education and regulatory support, will be
critical in sustaining thismomentum and achieving public
health objectives.
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Abstract

Present review focuses on essential fatty acidsof edible
oilseed crops and their implicationsto improve human
health and industrial utility. This includes benefits of
palmitic acid, stearic acid, oleic acid, omega-3 long-chain
polyunsaturated fatty acids (LC-PUFAS), arachidonic
acid, eicosapentaenoic acid, ricinoleic acid, unusual
monoenoic fatty acids, reductionin erucic acid and very
long chain saturated fatty acids (VLSFA). The focus
wasalsolaid on ashow new technological interventions
(such as synthetic biology, next-generation sequencing,
LC-MS/MStargeted lipid analysis, clustered regularly
interspaced short palindromic repeats (CRISPR)/Cas9
technique and lipidomics) are mediating in the
development of desired traits in transgenic oilseeds.
Novel fatty acids produced by advanced techniquese.g.
transgenics, hybridization etc would be good source of
renewable raw materials.

K ey words: Transgenic plants, Seed oils, Palmitic acid,
Omega-3 Long-chain Polyunsaturated fatty acids(LC-
PUFASs), Ricinoleic acid, Erucic acid

I ntroduction

Indiais one of the world's top producers of oilseeds,
which supports Indian agriculture and providesameans
of livelihood for rural communities (Rai et al., 2016).
Mustard plant belongstothe generaBrassicaand Sinapis
(themustard family). Mustard seeds are utilized as spice
and condiments. Mustard leaves can be consumed as
mustard greens and seeds can be crushed to make
mustard oil. Mustard oil has been a integral part of
human civilization and archeol ogical evidencessuggests
that mustard plant was used during indus valley
civilization also as spice, oil and mustard greens.

Brassicaoil isafantastic source of nutrientsand energy
for humans, even though degreased cakes are used as
animal feed (Baltrukoniene et a., 2015). Brassica is

one of India's most important edible oilseed crops,
accounting for around one-third of the country’s oil
production. The amount of fat in oils that are derived
from Brassica seeds used in industry and food
determinestheir worth from the main oilseed cropsina
substantial amount. Mustard and rapeseed, which are
growninIndia areranked intermsof sustainability and
adaptability to a range of agro- ecological conditions
after soybeans (Choudhary et al. 2022).

Rapeseed mustard, which is generated from Indian
mustard (B. juncea L.; B. campestris L). ecotypes
toria, brown, and yellow sarson; gobhi sarson (B. napus
L.); Ethiopian mustard (B. carinata); and taramira
(Eruca sativa), is used to make animal feed, vegetable
oil, and biodiesel. B. junceaisone of the most common
species of Brassicamentioned above, growing alongside
B. rapa (syn. B. campestrisL.) and B. napusL., which
areimportant sources of edibleoil for India.

Indian mustard, Brassica juncea has 36 chromosomes,
itisan amphidiploid that isdescended from B. rapa (2n
= 20; genomeAA) and B. nigra (2n = 16; genome BB)
(genome AABB) (Rai et al. 2017). About 10%—18%
of the entire seed set is outcrossed in Indian mustard
(B. juncea L.); the rest of the seed is self-pollinated
(Rai et d., 2012). Triglycerides and phospholipids are
the building blocks of fatty acids, which are organic
acids. Unsaturated fatty acids have along carbon chain
connected by double bonds and one carboxyl (-COOH)
group, whereas saturated fatty acids have singlebonds.

Fatty acids are the most prevalent type of dietary fat.
Mustard seeds typically contain 37 to 42 percent oil in
addition to the primary fatty acid types derived from
Brassica species, such as palmitic acid (16:0), linoleic
acid (18:2), stearic acid (18:0), oleic acid (18:1),
eicosanoic acid (22:0), linolenic acid (18:3), and erucic
acid (22:1). But there are also sizable concentrations
of unfavorable fatty acids that are bad for people,
including erucic acid.
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Worldwide, a large number of brassica species are
grown for their seeds, which are used to makeindustrial
and culinary oils (Snowdon et al., 2007). Brassicaoil’s
fatty acid makeup is more genetically varied than that
of other vegetable oils. Brassica oil has different
propertiesfrom other commercially manufactured plant
oils, likeerucicacid. Theoil issuitablefor industrial use
but not for human consumption due to its high erucic
acid level. Consequently, it is imperative to generate
variantsfreeof erucic acid, and lowering elevated erucic
acid levels is a targeted breeding goal for Brassica
oilseed crops. More focus has recently been placed on
crop species that are higher in C18:1 and C18:2 fatty
acids for human nutrition. High oleic and linoleic acid
content deep-fried oils produce fewer unwanted
byproducts and have greater oxidation resistance.
Therefore, increasing the fatty acid profile and oil
content of the seed oil is one of the main breeding
objectives for Brassica juncea.

The rapeseed oil and seed meal quality
enhancement programme aims to achieve the
following:

The production and quality features of B. juncea and
B. napus lines with low glucosinolate and low erucic
acid were evaluated. — It is being researched to
produce rapeseed and mustard varieties with lower
erucic acid and/or glucosinol ate contents. — Basic study
to understand more about the genetics and breeding
behavior of erucic acid and glucosinolate content, as
well as the “0” and “00” reaction types to endemic
illnesses and pests. The examination of both native and
imported germplasm demonstrated the wide range of
fatty acid variation found in Brassica juncea. The FAO/
WHO recommends a greater MUFA/SUFA ratio and
asubstantial amount of PUFAS, suchasC18:2 and C18:3,
in human nutrition. Table 1 shows the needed ratios,
which are between 5:1 (x-6) and 10:1 (x-3). How much
oil is in Indian mustard oil lacks the proper fatty acid
composition, which is essential for human life and
nutrition, asthe preceding guidelinesmakeevident. High
eruatelevelsin mustard oil are detrimental to the health
of various mammals, and particularly high erucic acid
isnot good for human health (Somerville et al., 2000).

Fatty acids are found in percentage of cultivated
cultivars, asper Sinhaet a. (2007). b) A report on “ Fats
and Oilsin Human Nutrition,” produced in cooperation

with the UN Food and Agriculture Organization and
the World Health Organi zation, was presented in Rome
during October 19-26, 1993. | n Brassica Species, Fatty
acid: The unsaturated fatty acids in Brassica species
includelinoleic (20%), oleic (65%), linolenic (9%), and
erucic acid (2%), while the saturated fatty acids are
palmitic (6%) and stearic (2%) (Figure 1). These
amounts correspond to the optimal fatty acid
composition for human health. Brassica seed oil’s
nutritional value is determined by its fatty acid
composition, with particular attention paid to theamounts
of oleic, linaleic, linolenic, and erucic acids—all of which
are essential for human nutrition and health.

Oleic acid in Indian mustard had a negative link with
erucic acid and afavorable association withlinoleic acid.
All of the crops, including Indian mustard, showed a
negativeand substantial correlation betweenlinoleic acid
and erucic acid. Linolenic acid waslikewise negatively
and strongly correlated with erucic acid in Indian mustard
and glucosinolate concentration in toria. Analysis and
Biosynthesisof Fatty Acids: Intwo setsof oilseed rape
(B. napus) cultivars, Dimov and Mollers (2010)
examined the genetic diversity of saturated fatty acid
concentration. The resultsindicated that thereare highly
significant genetic variations among the cultivars with
amean of 7.4 percent and arange of 6.8 to 8.1 percent
in terms of total saturated fatty acids. The elongation
of C18:1 (oleic acid) to C22:1 (erucic acid) isattributed
to the Fatty Acid Elongase 1 (FAE1) gene, as
demonstrated by the characterisation of mutants
deficientinlong-chainfatty acidsin Arabidopsisthaliana
(Lassner et a., 1996). The gene produces the enzyme
&ketoacyl- CoA synthase (KCS), which is particular
to seeds and functions as arate limiting enzymein the
production of erucic acid. Additionally, itislinked tothe
The half-seed technique (Harvey and Downey, 1964)
for determining the fatty acid composition of individual
seeds was developed as a result of the embryonic
regulation of erucic acid. Globally, this method was
applied to the genetic analysis of erucic acid and the
creation of Brassicacultivarswith zero erucic acid. With
this technique, the plant breeder can analyze one
cotyledon’s fatty acid composition while keeping the
other cotyledon with the embryo for planting. Kirk and
Hurlstone (1983) developed low erucic acid B. juncea
strainsusing this method
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Figure 1: Fatty Acid in vegetable ail
(Source: www.google.com; (Vingering, Nathalie et al. 2010)

Table 1. Fatty Acid Composition of Indian

Mustard Oil

Sr.  Name of Acid
1 Palmitic
Stearic
Arachidic
Behenic
Lignoceric
Oleic
Eicosenoic

Erucic

0 0 ~N o O a W N

Linoleic

10 Linolenic

Range
1-3%
0.4-3.5%
0.5-2.4%
0.6-2.1%
0.5-1.1%
12-24%

3.5-11.6%

40-55%
12-16%
7-10%

(Source: www.google.com; (Yadav, Ram P. and

Bibha Kumari, 2015)

Various fatty acid typesfound in Brassica juncea
(Table 1)

palmitic acid (C16:0) and stearic acid (C18:0):-
Rich in palmitic or stearic acids, fats can be found in
many different types of food. Lower levels of low-
density lipoprotein (LDL) cholesterol—which iswidely
acknowledged to be a contributing factor in coronary
heart disease—are found in stearic acid as compared
to palmitic acid. Stearic acid, in place of palmitic acid,
reducesLDL-cholesterol levelsand, thus, the disease’s
risk. In Western countries, palmitic acid (C16:0) and
stearic acid (C18:0), two saturated fatty acids, are
commonly ingested (Ervin et al., 2004). According to
certain research, stearic acid raises cholesterol lessthan
pamitic acid (Mensink 2016).

Oleic acid:

Animportant component of human nutrition, oleic acid
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is atype of unsaturated fatty acid. Rich in oleic acid
fats and oils have exceptional heat and oxidation
resistance, which makes them perfect for a variety of
uses. Oleic acid-rich oils are perfect for replacing
saturated fatsin commercial food service applications
because they offer long-term stability and a thermal
stability that is either equivalent to or comparable to
that of saturated fats. It reduces the amount of time
that needs to cool and oil the food by enabling you to
heat them to a higher temperature without smoking.
Saturated fatty acids (palmitic and stearic) have the
capacity to greatly raise blood cholesterol levels, but
unsaturated fats and oils, like oleic acid oil, have the
High C18:1 concentration vegetabl e oils are becoming
more and more popular for usage in industry and
nutrition.

Linoleic acid

Brassicaoil’snutritional quality issignificantly impacted
by increased dietary requirements for linoleic acid
(C18:2) and lowered dietary requirementsfor linolenic
acid (C18:3). Sincelinoleic acid and itsderivatives are
obtained through diet and cannot be produced by the
human body, they are regarded as essential fatty acids.
In addition, the high linoleic acid content of the edible
oil lowersblood cholesterol and protects atherosclerosis.
Edibleoilshighinlinoleic acid aretherefore considered
premium oils. Despite being a necessary fatty acid,
linolenic acid can cause rancidity and an unpleasant
flavorinail.

Linolenic acid

Many dietary oils contain the fatty acid linolenic acid
(C18:3). Thethree doublebonds of linolenic acid cause
it to oxidize quickly, shortening the oil’s shelf life.
Reducing the amount of linolenic acid derived from
rapeseed is therefore one of the most crucial breeding
objectives. Low-linolenic acid mutantsare mostly seen
in oilseed rape (Brassica napus ssp. oleifera), where
genetic variability in linolenic acid content is limited.
These mutants are produced by x-rays and chemical
mutagens (Scarth et al., 1988). Either linoleic acid
(C18:2) isdesaturated to form linolenic acid, or C16:3
may be extended (Thompson, 1983).

Erucic acid

The genus Brassica exhibits significant variation in

erucic acid concentration, which can be attributed to
variousfactors such asgenotype alelic makeup, ploidy
level, genetic background, and environmental influence.
When consumed insufficiently, it causes a number of
health issuesin people. Thus, low quantities of thisfatty
acidin genotypesand variationslead to ahigh nutritional
grade. Studies have revealed that certain B. junces, B.
napus, B. rapa, and B. carinata all have zero-erucic
acid genotypes. High erucic acid oil is essential for
several products, including polyesters, detergents,
surfactants, and plasticizers. Therefore, generating
genotypes with elevated erucic content isatop focusin
modern brassica breeding. Resynthesising the
amphidiploid species B. napus, which has a high
erucicacid content, from the genotypes of its diploid
ancestors B. oleracea and B. rapa is one of the most
beneficial breeding initiatives. Seed oil is more heat
stable and therefore better for cooking due to its high
oleic acid content. Oleic acid increases the suitability of
seed ail for industrial use, hence increasing cooking oil
efficiency. Additionally, since greater oleic acid levels
raise blood |levels of high-density lipoproteins (HDLS)
whileloweringlevelsof low-density lipoproteins (LDLS),
it isthought that higher oleic acid levelsare nutritious
for human diet (Chang and Huang 1998).

Another significant MUFA that is recognized to be
antinutritional and unfit for human ingestion is erucic
acid, whichisfound in larger concentrationsin edible
oil. Cooking oil contains higher quantitiesof erucic acid
due to the increased cardiac conductance in humans,
which raisesblood cholesterol levels(Sinhaet al., 2007).
Diverseindustrieswill requiremultiple genotypeswith
elevated erucic acid levels. Rucic acid-rich oil is used
as a raw material in the plastic, tannery, cosmetic,
polyster, and detergent industries (Coonrod et al ., 2008).

The low-erucic acid genotypes Pusa 30, PM-21, and
PM-24 will becrucial inthefuture as Brassicabreeding
programs concentrate on creating zero-erucic linesfor
nutritional goals. Itisknown that polyunsaturated fatty
acids (PUFAS) are the building blocks of long-chain
fatty acids, which are necessary for the synthesis of
physiologically significant substanceslike prostaglandins.
Polyunsaturated fatty acids (PUFAS), such linoleic and
linolenic acids, should be present in small amountsin
cooking oil. The genotypes of Brassica juncea,
Brassica napus, and Brassica rapa had linoleic and

January - December 2023 & 2024

68

JLST Vol. 55 & 56 No. (1-4)



Review Articles

linolenic acid values of 11.0-45.30 percent, 11.10-26.72
percent, 18.57—26.93 percent, 9.99-17.23 percent,
14.08-18.18 percent, 9.82—26.66 percent, and 14.08—
18.18 percent, respectively.

An essential fatty acid that the body cannot produce on
itsown and hasto get from food islinoleic acid. Edible
oil containing high levels of linoleic acid has been
demonstrated to reduce blood cholesterol and prevent
atherosclerosis. Although linolenic acid isrecognized as
an important fatty acid, its presencein oil canresultin
rancidity and an off taste (Sharafi et al., 2015). In
different Brassicabreeding programs, Brassicacultivars
with high linoleic acid and low erucic acid levels can
also be used to improve the quality and quantity of oil
forindustrial and nutritional uses.

Canola: Research to improve the quality of canolaoil
is essential for using it in both industrial and edible
applications. Some of thefatty acidsfoundin canolaoil
include palmiticacid, linoleicacid, stearicacid, oleicacid,
arachidic acid, linolenic acid, and erucic acid (Wang et
al., 2017). Because of its excellent nutritional content
and ability to lower plasma cholesterol levels when
compared to foods high in saturated fatty acids, canola
oil isemployed in human diets. Consuming canolaoil
has been demonstrated to influence biological processes
that influence certain disease risk factors (Lin et al.,
2013). Genetic regulation controls the amount of fatty
acidsintheoil, and it has been successfully changed to
create products that are specificaly tailored for their
intended use.

Approximately half of the total fatty acid is usually
present in canolaail, whichis Consuming canolaoil has
been demonstrated to influence biological processesthat
influence certain diseaserisk factors (Lin et a., 2013).
Genetic regulation controlsthe amount of fatty acidsin
the oil, and it has been successfully changed to create
productsthat are specifically tailored for their intended
use. About half of thetotal fatty acid foundin canolaoil
is detrimental to humans since it has been associated
with cardiac lipidosis.

Erucic acid makes up approximately 40% of total fatty
acidsinwild varietiesof mustard and rapeseed, athough
it is rarely present in rapeseed grown for human use.
Accordingtothel CAR- DRMR annual report for 2020,
gas chromatography analysis of the fatty acid profiles
of several genotypes indicated palmitic and stearic acid
were the main saturated fatty acids, whereas theyearly
report included oleic, linoleic, and linolenic acid as
important unsaturated fatty acids that were also
nutritionally desirable.

Conversely, it was discovered that certain genotypes
have less than 2% erucic acid. The annual report of
DRMR Bharatpur (ICAR-DRMR, 2020) states that
there has been a significant change in the fatty acid
content of PM 29, PM 30, PDZ 1, and Kranti (Table
1). It has been discovered that the PDZ 1 variety is
most suited for thetimely sowing andirrigated conditions
of the National Capital Region of Delhi and its
surrounding areas in the states of Haryana, Rajasthan,
and Uttar Pradesh. It also has lower levels of erucic
acid and eicosenoic acid than the other three varieties.

o

Figure 2:- Graphical presentation of fatty acid by gas chromatography (GC)
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It produces yellow seeds with an oil content of 40.56
percent. The most recent annual report (ICAR-DRMR,
2020) statesthat PM 29 and PM 30 arelow erucic acid
(single zero) cultivarsof Indian mustard, with 1.96 and
1.56 percent, respectively. Fatty acid anadysisof varieties
is advantageous because research indicates that
consuming oleic acid may benefit people with cancer,
inflammatory diseases, and autoimmune disorders. The
PM 29 concentration of linolenic acid, which is deemed
hazardous to human health, dropped from 15.86 (2018)
t011.87 (ICAR-DRMR, 2020) (Figure 2).

Biotechnological interventions:

Plant lipid metabolism israther more complicated than
anticipated. New tools, techniques and strategies are
the demands of coming aeon. We are actually at
crossroads in terms of altering seed oil compositionin
an entirely predictable manner as an alternative to
diminishing resources likefish ails. With the advents of
technol ogy and instrumentation, large number of crops
have been sequenced, like flax, Arabidopsis, soybean
and castor and aimed for genetic modifications. The
combined effortsfor proteomics, metabolomics, along
with flux map analysis will give detailed insight into
metabolic trafficking. Expressed sequenced tag (EST)
were used for the marking the genes for TAG
production. EST data along with pyrosequencing
technology has also come up asa potential tool for the
discovery of candid genesin TAG biosynthesis.

Present exponential growth in the number of genes
involved in lipid metabolism has paved its way to the
entirely new areaof ‘ Lipidomics whichisdescribed as
the detailed analysis and global characterization of the
lipids, both spatial and temporal, within aliving system.
The strategic categorization includes either separation
of different lipid categories using extraction with
chromatographic separation prior to class-specific mass
analysisor directly using total lipid extraction by mass
spectrometer followed by class-specific analysis. The
later isparticularly effectivefor theanaysisof oilseeds
engineered for atered lipid metabolism. Days have come
where it is possible to know the substrate and product
to unmatched levelsof detaill usingMSMSor LC-MY
MS targeted lipid analysis, thus making precise
guantification for every engineering toil (Sayanova et
al., 2011). Advances of synthetic biology and new

techniques like clustered regularly interspaced short
palindromic repeats (CRISPR)/Cas9tolipidomicsoffers
the probable rapid assembly of multiple genes for
multigeneinsertion. Thiswill aid scientistsinintroducing
complex pathways, developing interchangeable
segments and modulating assemblies of transgene
cassettes. It is aso envisaged that the future high-oail
traitscould be coupled with other traitswith better health
benefits or industrial values, such as omega-3 LC-
PUFAS, petroselinic acid etc. Such transgenic crops
may havethe potential for direct use as a healthy food,
animal feed or oleochemical feedstock. The rapid
adoption of such technologieswill continueto play pivotal
role in giving a new shape to the oilseed markets and
related stakeholders.

The seeds of old cultivars naturally accumulate TAGs
carrying erucic acid (22:1), esterified at sn-1 and sn-3
locations within the glycerol backbone, making up 45—
50 percent of thetotal fatty acid content. Two additive
loci (EA & EC) on the A- and C-genomes regulate the
amount of erucic acid in rapeseed genetically. Together,
they account for 90% of the variance in erucic acid,
but they are not equally distributed (Jourdren et al.,
1996). Thetwo loci were discovered in rapeseed using
a QTL approach (Jourdren et a., 1996). According to
Badawy et a. (1994), rats fed HEAR (high erucic acid
rapeseed) oil experienced aberrant fat accumulation,
cardiac lesions, and a drop in body weight. Recessive
alleles(eA and eC) wereinserted at both loci implicated
ina22:1 concentration, and Low Erucic Acid Rapeseed
(LEAR) cultivars were chosen even though this
detrimental nutritional impact hasnever been observed
in humans.

Extraction processes:

Mustard oil is extracted from mustard seeds using
different methods. Mustard oil owes its distinctive
pungent flavor to alyl isothiocyanate, acompound that
isalso present in foods such as horseradish and wasabi.
The mustard oil process begins with the thorough
cleaning of the seeds to remove any impurities. Once
cleaned, the seeds are ground into a coarse paste. The
paste is then pressed to extract the oil. The extracted
oil iscollected and filtered to remove any solid particles.

Based on theextraction method, mustard oil canbefound
intwo mainvarieties:
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1. Normal Mustard oil / Solvent extracted
Mustard Oil:— Most mustard oils found in the
market are hot-pressed. Thismeansthey are made
by using high heat and chemical solvents like
Hexane to extract the oil from mustard seeds.
Whilethisresultsin more quantity of the oil being
extracted, the quality of the ail including its taste
and health benefitsissignificantly reduced. Infact,
many of these solventsincluding Hexane or other
hydrocarbons may be left in traces in the fina
product and are considered toxic with side effects
ranging from headache, nausea, vomiting, dizziness,
and lightheadedness. This extraction process also
may oxidize the ail, turning it into trans fats. In
fact, the smell of thischemically extracted oil isso
rancid that a cleaning process has to take place
using bleach to deodorize it. The ail is further
subjected to the refining processto improveitsshelf
life and make it seem clearer in appearance to the
consumer. Inthisprocess, more heat and chemicals
are used, further declining theoil quality.

Therefore, such refined oil looks clear, with devoid
of pungency and is cheaper in price, it is poor in
health benefits. Modern research has shown that
refined oils are manufactured with chemical
treatmentswhich can boost the synthesis of omega-
6 fatty acid to develop various health related issues
including inflammation in the body. This can
sometimes|eadsto devel opment of diabetes, cancer
and heart diseases. This process can aso create
rancid polyunsaturated fatty acids which on high
temperature produces free radicals.

2. Cold-pressed or Kachi Ghani Mustard Qil:- This
method uses mechanical pressure at room
temperature to extract the oil. Although in this
method theail yieldislower, but al natural nutrients,
essential fatty acids, vitamin E, and antioxidants
areretained in extracted oil. Herethisoil indicates
purity and natural composition because of pungency
and darker color. Hence cold pressed mustard oil
is healthy and safe, offering a plethora of
therapeutic benefits for your health. ORGANIC
INDIA Kachi Ghani Mustard Oil or cold pressed
mustard oil is made from the first press of high-
grade, certified organic whole mustard seeds.
Naturally rich in pungent flavour and aroma, this

heart-friendly MUFA-rich (Monosaturated fatty
acids) oil is ideal for enhancing the taste and
nutrition of any dish. It's also great for hair and

body massage.
Conclusion

Mustard oil, withitsdistinctiveflavor, remarkable health
benefits, and versatile uses, servesasavaluable addition
to both culinary and wellness practices. Recent
research suggest that mustard oil that is essential may
aid in reducing the development of some fungus &
microorganisms. Additionally, ALA, an omega-3 fatty
acid found in mustard oil, may lessen pain and
inflammation. Studies also suggest that mustard seed
oil and its constituent parts may help slow the
development and metastasis of some cancer cells.
Despite conflicting evidence, mustard oil is rich in
monounsaturated fats, which may lower a number of
risk factors for cardiovascular disease. Fatty acids
known asomega-3, which can be discovered in mustard
oil, may help to reduce irritation and oxidative stress.
The majority of the fat in natural mustard seed oil is
monounsaturated and are more heat-resistant than
polyunsaturated oils and have a smoke point

that is elevated. By choosing Organic India's Kachi
Ghani Mustard Qil, you can further enhance the benefits
of mustard oil with its superior quality and commitment
to purity. Whether you useit in cooking, skincare, or
body massage, mustard oil offers a natural and
wholesome way to enhance your well-being.

Reference

1. Badawy, I., Atta, B. and Ahmed, W. (1994).
Biochemical andtoxicological studiesontheeffect
of high and lowerucic acid rapeseed oil on rats,
Nahrung, 38: 402—411.

2. Baltrukoniene, G, Uchockis, V. and Svirmickas, G
J. (2015). The influence of compound feed
enrichment with rapeseed and linseed cake on the
meat characteristics and fatty acids composition
of beef bulls. Zemdirbyste-Agriculture, 102: 319-
324.

3. Bhoge, Y. N. (2015). Junk food & human health: A
synoptic review. International Journal of Theoretical
& Applied Sciences, 7(1): 51-55.

January - December 2023 & 2024

71

JLST Vol. 55 & 56 No. (1-4)



Review Articles

10.

11.

12.

13.

Burns, M. J., Barnes, S. R., Bowman, J. G, Clarke,
M. H. E., Werner, C. P. and Kearsey, M. J. (2003).
QTL analysisof anintervarietal set of substitution
linesin Brassicanapus: (i) seed oil content and fatty
acid composition. Heredity, 90: 39-48.

Chang, N. W. and Huang, P. C. (1998). Effects of
the ratio of polyunsaturated and monounsaturated
fatty acids on rat plasma and liver lipid
concentration. Lipids, 33: 481—-487.

Choudhary, R. R., Avtar, R., Singh, M., Chaurasia,
H., Kumari, M., & Poonia, M. (2022). Trait
Association Analysis for Yield & its Components
inIndian mustard (Brassicajunceal..). Biological
Forum— AnInternational Journal, 14(1): 538-542.

Coonrod, D., Brick, M. A., Byrne, P. F.,, Debonte,
L. and Chen, Z. (2008). Inheritance of long chain
fatty acid content in rapeseed (Brassica napusL.).
Euphytica, 164: 583-592.

Delourme, R., Falentin, C., Huteau, V., Clouet, V.,
Horvais, R., Gandon, B. and Renard, M. (2006).
Genetic control of oil content in oilseed rape
(Brassica napus L.). Theoretical and Applied
Genetics, 113(7): 1331- 1345.

Dimov, Z.,and Mollers, C. (2010). Genetic variation
for saturated fatty acid content in a collection of
European winter oilseed rape material (Brassica
napus) Plant Breeding, 129(1): 82-86.

Ervin, R. B., Wright, J. D., Wang, C. Y.,
KennedyStephenson, J. (2004). Dietary intake of
fatsand fatty acidsfor the United States popul ation:
1999-2000. Adv Data. 348: 1-6.

Harvey, B. L. and Downey, R. K. (1964). The
inheritance of erucic acid content in rapeseed
(BrassicanapusL.), Can. J. Plant Science, 44: 104—
111

Hong, C. P, Kwon, S. J,, Kim, J. S., Yang, T. J,,
Park, B. S. and Lim, Y. P. (2008). Progress in
understanding and sequencing the genome of
Brassica rapa. International Journal of Plant
Genomics,

ICAR-Directorate of Rapeseed-Mustard
Research, 2020, Bharatpur 321 303, Rajasthan.

14.

15.

16.

17.

18.

19.

20.

21.

Jourdren, C., Barret, P, Horvais, R., Foisset, N.,
Delourme, R. and Renard, M. (1996).

Identification of RAPD markers linked to the loci
controlling erucic acid level in rapeseed. Molecular
Breeding, 2: 61-71. Kirk, J. T. O. and Hurlstone,
C. J. (1983). Variation and inheritance of erucic
acid content in Brassica juncea. Z P
flanzenziichtung, 90: 331-33.

Lassner, M. W., Lardizabal, K. and Metz, J. G
(1996). A jojobaéKetoacyl-CoA synthase cDNA
complements the canola fatty acid elongatin
mutation in transgenic plants. The Plant Cell, 8:
281-292. Lin, L., Allemekinders, H. and Dansby,
A. (2013). Evidence of health benefits of canola
oil. Nutrition reviews, 71:

Mensink, R. P. (2016). Effects of Saturated Fatty
Acids on Serum Lipids and Lipoproteins: A
Systematic Review and Regression Analysis. World
Health Organization; Geneva, Switzerland.

Priyamedha, S., Singh, B. K., Ram, B., Kumar,
A., Singh, V. V., Meena, M. L. and Singh, D.
(2014). Development and Evaluation of Double
Low Quality Lines of Indian mustard (Brassica
juncea L. Czern & Coss). SABRAO J. Breed
Genet, 46: 274-283.

Qi, W., Zhang, F. and Sun, F. (2012). Over-
expression of a conserved RNA- binding motif
(RRM) domain (csRRM2) improves components
of Brassicanapusyield by regulating cell size. Plant
Breeding, 131: 614- 619.

Rai, S. K., Charak, D. and Bharat, R. (2016).
Scenario of oilseed crops across the globe. Plant
Archives, 16(1), 125-132.

Rai, S. K., Gupta, S. K., Singh, A. K. and Rai, G
K. (2012). Development of hybrid in Mustard
[Brassica juncea (L.) Czern and Coss|: Status,
problemsand prospects. Plant Archives, 12(1), 569-
571.

Ral, S. K., Sandhu, R., Jat, L., Kumar, A., Kiran,
U., Mukhtar, S. and Rai, G. K. (2017). Study of
Heterosis and Combining Ability for Yield and its
Component Traits in Brassica juncea L.

January - December 2023 & 2024

JLST Vol. 55 & 56 No. (1-4)



Review Articles

22.

23.

24.

25.

26.

27.

28.

29.

International Journal of Current Microbiology and
Applied Sciences, 6(12), 2570-2579.

Ramos, M. J., Fernandez, C. M., Casas, A.,
Rodriuez, L. and Perez, A. (2009). Influence of
fatty acid composition of raw materials on biodiesel
properties. Bioresour. Technol, 100: 261-268.

Scarth, R., McVetty, P. B. E., Rimmer, S. R. and
Stefansson, B. R. (1988). ‘Stellar’ low linolenic-
high linoleic acid summer rape. Can. J. Plant. Sci.,
68: 509-511.

Sharafi, Y., Magjidi, M. M., Goli, S. A. H. and
Rashidi, F. (2015). Oil content and fatty acids
composition in Brassica species. International
Journal of Food Propertie, 18(10): 2145-2154.

Simopoulos, A. (2008). The importance of the
omegab/omega-3 fatty acid ratio in cardiovascular
diseaseand other chronicdiseases. Exp. Biol. Med.,
233: 674—688.

Sinha, S., Jha, J. K., Maiti, M. K., Basu, A.,
Mukhopadhyay, U. K. and Sen, S. K. (2007).
Metabolic engineering of fatty acid biosynthesisin
Indian mustard (Brassica juncea) improves
nutritional quality of seed ail. Plant Biotechnol Rep,
1: 185-197.

Snowdon, R. J. (2007). Cytogenetics and genome
analysisin Brassicacrops. Chromosome Research,
15(1): 85-95.

Somerville, C., Browse, J., Jaworski, J. G. and
Ohlrogge, J. B. (2000). Lipids. In:BuchananB. B.,
Gruissem, W., Jones, R. L. (eds) Biochemistry &
molecular biology of plants. American Society of
Plant Biolo-gists, pp 456-527.

Thelen, J. J. and Ohlrogge, J. B. (2002). Metabolic
engineering of fatty acid biosynthesis in plants.

30.

31.

32.

33.

34.

35.

Metabolic engineering, 4(1): 12-21.

Thompson, K. F. (1983). Breeding winter oilseed
rape, Brassica napus. Adv. Appl. Biol, 7: 1-104.
Vigeolas, H. and Geigenberger, P. (2004).
Increased levels of glycerol-3- phosphatelead to a
stimulation of flux into triacylglycerol synthesisafter
supplying glycerol to devel oping seedsof Brassica
napusL. in Planta. Planta, 219: 827-835.

Vigeolas, H., Waldeck, P., Zank, T. and
Geigenberger, P. (2007). Increasing seed oil content
in oil-seed rape (Brassica napus L.) by
overexpression of a yeast glycerol-3- phosphate
dehydrogenase under the control of a seed-specific
promoter. Plant Biotechnology Journal, 5: 431-441.

Wang, Z., Qiao, Y. and Zhang, J. 2017. Genome
wideidentification of micro RNAsinvolved infatty
acid and lipid metabolism of Brassicanapusby small
RNA and degradome sequencing. Genetics, 619:
61-70.

Sayanova OV, Haslam RP, Caero” n MV, Ruiz-
Lo  pez N, Worthy C, Rooks P, et al. Identification
andfunctional characterization of

genes encoding the omega-3
polyunsaturated fatty acid biosynthetic pathway
from the coccolithophore Emiliania huxleyi.
Phytochemistry. 2011;72(7):594-600. https://
doi.org/10.1016/j.phytochem.2011.01.022

Vingering, Nathalie et al. “ Fatty acid composition
of commercia vegetable oils from the French
market analysed using along highly polar column.”
Oléagineux, Corps gras, Lipides 17 (2010): 185-
192.

Yadav, Ram P. and Bibha Kumari. “Ultrasonic
StudiesonMustard Qil: A Critical Review.” (2015).

January - December 2023 & 2024

73

JLST Vol. 55 & 56 No. (1-4)



Research Articles

Antibacterial activity of essential oilsagainst a group of food-borne
pathogenic bacteria: A compar ative study

Abhinav Pathak*, Rgj Kumar, AlishaPaul, PoojaRajput, Janhvi Gaur and Meenakshi Tripathi
FARE Labs Pvt. Ltd. Gurgaon-122002, Haryana, India
* Corresponding Author: abhinavpathak433@gmail.com

Abstract

Plant-derived essential oils (EOs) are recognized for
their antimicrobial activity against specific pathogens,
making them potential alternatives to synthetic
antimicrobial agents. This study investigated the
antibacteria effectsof four essential oils—thyme, clove,
lavender, and arborvitae against selected foodborne
pathogens using the agar well diffusion assay. Among
theoilstested, cloveail exhibited the highest antibacterial
activity, while arborvitae oil showed theleast. Overall,
all four essential oils demonstrated antimicrobial
properties. Thesefindings suggest that essential edible
oils can serve as promising alternatives to synthetic
antimicrobials, enhancing food safety, health care, and
personal care applications. Their natural origin and
effectiveness may appeal to consumers seeking safer
options. Further research and devel opment are essential
to optimize their applications and ensure their safety
and efficacy across various settings. By exploring these
oils more comprehensively, we can unlock their full
potential and promotetheir usein diverseindustries.

Keywords: Essential oils (EOs), Antibacterial activity,
Gram-positive bacteria, Gram-negative bacteria.

I ntroduction

In recent years, food security has emerged asacritical
public health issue worldwide. Foodborne pathogens
refer to harmful microorganisms that can contaminate
the food supply, leading to various illnesses. These
microorgani sms can produce toxic substancesthat cause
direct or indirect health effects. Common pathogens
associated with food poisoning include Escherichiacoli,
Salmonella spp., Listeria monocytogenes,
Pseudomonas spp., and Saphylococcus aureus. An
increasing number of microorganisms have recently

been identified as potential causesof illnessor toxicity
in humans. These pathogens not only pose significant
risks to human health but also contribute to foodborne
disease outbreaks (Ayaz et al., 2015)

Antimicrobia agents, which are used to eliminate or
inhibit the growth of pathogenic or foodborne
microorganisms, can be derived from both synthetic and
natural sources. However, the use of synthetic
antimicrobial compounds as food preservatives has
raised consumer concerns dueto potential toxicological
issues and safety concerns for human consumption
(Singh et al., 2019). Natural resources offer a diverse
array of complex compounds. Herbal extracts, edible
oils, and essential oilsexhibit antibacterial, antifungal,
and antiviral propertiesand have been explored globally
as potential sourcesfor new antimicrobial compounds,
food preservation agents, and treatmentsfor infectious
diseases (Astani et al., 2010; Safaei-Ghomi and Ahd,
2010).

Essential oils (EOs) are extracted from aromatic plants
and consist of approximately 20 to 60 different
components in varying concentrations. The primary
constituents of these oils include terpenes and arange
of aromatic and aliphatic compounds, such asalcohals,
esters, ethers, aldehydes, ketones, lactones, phenols, and
phenal ethers. Their complex composition

contributesto the unique properties and applications of
essential oils in various industries, including food,
cosmetics, and health (Bakkali et al., 2008). Essential
oils (EOs) from Origanum vulgare L., Thymus
vulgaris L., Salvia sclarea L., and Lavandula
angustifolia Mill., all belonging of the Lamiaceae
family, have been valued for their medicinal properties
for centuries, demonstrating antibacterial and antifungal
activities (Fournomiti et al., 2015; Yuceet al ., 2014).
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Numerous studies have documented the antibacterial
propertiesof essentia oils (EOs). Most research focuses
on the direct effects of EOs against various
microorganisms. For instance, several Gram-negative
and Gram-positive bacteria have demonstrated
sensitivity to different EOs, as evidenced by clear
inhibition zones in agar assays where the tested EO
prevents microbial growth (Lambert et al., 2001).
Additionally, some studies have measured the minimal
inhibitory concentrations(M1C) and minimal bactericidal
concentrations (MBC) of EOsinliquid media, providing
insgghtsinto their effectivenessand potential applications
asnatural antimicrobia agents. Thesefindings highlight
the promising role of EOs in combating bacterial
infections (Kalembaet al., 2003; Burt et al., 2004; Tsiri
et al., 2009 & Poaty et al., 2015).

Findingsfrom Oliveiraet al. (2010) and Valeriano et al.
(2010) suggest that essential oilswith biocidal properties
are promising alternatives for disinfection in indoor
environments and the food industry. These natural
agents effectively sanitize contaminated surfaces and
equipment in food processing facilities, underscoring
their potential to improve hygiene and safety.
Incorporating essential oilsinto disinfection strategies
allows for the adoption of eco- friendly methods that
align with current health standards, while also
decreasing reliance on synthetic chemicals. This
innovative approach contributesto asafer environment
for both consumers and workersin the food sector.

While essential oilshave historically been used to treat
various diseases and promote health, their applications
have significantly expanded in recent years. They are
now commonly utilized in pharmaceuticals, crop
protection, food additives, aromatherapy, and more. This
increased usage hasled to heightened human exposure,
necessitating athorough re-eval uation of their toxicity
and genotoxicity concerning mammalian cells. As
highlighted by Slamenovaet a. (2011), it isessential to
assess the safety profiles of these natural compounds
to ensure they can be used effectively without posing
risksto human health.

Thisstudy aimsto investigate the antimicrobial activity
of essential oilsagainst foodborne bacterial pathogens,
specifically Escherichia coli, Salmonella
typhimurium, Staphylococcus aureus, and Listeria

monocytogenes. The agar well diffusion method will
be employedto evaluate the zones of inhibition produced
by these essential oils.

Methods and M aterials:
Essential oils:

In this study, essential oils were sourced from various
vendors in Delhi, India. The essential oils utilized
included Thyme (Thymus vulgaris), Clove (Syzygium
aromaticum), Lavender (Lavandula angustifolia),
and Arborvitae (Thuja occidentalis).

Culture Maintenance:

Different pathogenic bacterial strains, including
Escherichia coli (MTCC-739), Salmonella
typhimurium (MTCC-733), Saphylococcus aureus
(MTCC-737), and Listeria monocytogenes (MTCC-
839), were taken to evaluate the antimicrobial activity
of essential oils. Reference cultures of these strains
were obtained from CSIR-IMTECH, Chandigarh. Prior
to the assay, bacterial isolates were subculture at least
twice from the stock onto Nutrient Agar (Himedia
Laboratories Ltd., India) to prepare fresh cultures,
ensuring thereliability and accuracy of the experimental
results.

Preparation of inoculum:

Working stocks of the subculture bacteria were
inoculated into Nutrient Broth and incubated at 37°C
for 18 hours to achieve a turbidity equivalent to a0.5
Mac-Farland standard. After incubation, the overnight
broth cultures of the test pathogens were uniformly
swabbed onto the surface of Muller-Hinton Agar
(MHA) plates (Himedia Laboratories Ltd) using
sterilized cotton swabs. One MHA plate was set aside
as a media control, while a commercially available
chloramphenicol disc (10 pg) served asapositive control.
Four MHA plateswere swabbed with the four different
pathogensfor pathogen control. For treatment control,
four MHA plates were similarly swabbed with four
different pathogens, with a single well cut into each
plate. Approximately 201l of 10 mg/ml of each essential
oil sample was added to the wells. The plates were
then incubated at 37°C for 24 hours. The zones of
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inhibition around thewellswere observed, measured in
millimeters, and results were recorded.

Satistical analysis.

Each experiment was conducted in triplicate to ensure
the accuracy and reliability of the results. The mean
and standard deviation (SD) were calculated for each
bacterial strain to provide a clear statistical
representation of the data. This methodology alowsfor
a comprehensive understanding of variability in the
measurements, facilitating theidentification of significant
differences in antimicrobial activity among the tested
essential oils. Data analysis was performed using
Microsoft Excel 2010 software. This systematic
approach ensures that the findings are robust and can
be confidently interpreted within the study’s objectives.

Results and Discussion:

Theantimicrobia activity of essential oilsagainst various
foodborne pathogens, including both Gram-positiveand
Gram-negative bacteria, issummarizedin Table 1. While
numerous studies have previously emphasized the
antimicrobial propertiesof plant-derived essential oils,
the current study specifically focuses on their
effectiveness. All bacterial strains demonstrated
susceptibility to each essentia oil, asshownin Table1.

Thediameter of the zone of inhibition varied depending
on the edible oil and bacterial species used as
representedin (Fig 1). In present study, Cloveoil reveals
higher antibacterial activity as compared to other three
edible oils showing zone of inhibition for E.coli
(19.52+£0.00 mm), Salmonella typhimurium
(18.31+0.25 mm), Saphylococcus aureus (20.41+0.59
mm) and Listeria monocytogenes (17.23+0.34 mm)

respectively. Thisfinding isin agreement with thefinding
of Puskarova et al., (2017). Essential oil exhibits
enhanced antibacterid activity, likely duetoitslipophilic
properties. These characteristicsenable cloveto interact
effectively with thelipidsin bacterial cell membranes,
increasing their permeability. Thismechanism of action
may contribute to its potency against bacterial strains
(Radunz et al., 2019). The antibacterial effect of clove
essential oil is attributed to eugenol, a key compound
that disruptsthe bacterial cytoplasmic membrane. This
disruption increases membrane permeability, facilitating
theleakage of ionsand theloss of intracellular proteins,
ultimately resulting in cell death (Devi et a., 2010)

Several reports reveals that bioactive components
present in essential oils penetrate the phospholipid
bilayer of the cell membraneby which structural integrity
of cell membraneisdisrupted, which can detrimentally
influence the cell metabolism casing cell death (Bajapai
et al., 2013). In present study Saphylococus aureus,
shows higher sensitivity towards all essentia oils as
compared to other pathogenic strains. Similar studies
carried out by Huang et

al., 2014, showed that Gram-positive bacteriaare more
susceptible to Essential oils as compared to Gram-
negative bacteria. Thiscan be attributed to the fact that
Gram-negative bacteria have an outer membrane which
is rigid, rich in lipopolysaccharide (LPS) and more
complex, thereby limiting the diffusion of hydrophobic
compounds through it, while this extra complex
membrane is absent in Gram-positive bacteria which
instead are surrounded by a thick peptidoglycan wall
not dense enough to resist small antimicrobia molecules,
facilitating the accessto the cell membrane (Hyldgaard
et al., 2012).

Table 1: Antimicrobial Activity (zone of inhibition, mm) of Essential Oils againgt Pathogenic Microorganisms

Escherichia Salmonella Staphylococcus Listeria
coli typhimurium aureus monocytogenes
Chloramphenicol 24.42+0.28 21.43+0.21 22.27+0.14 20.21+0.17
Thyme oil 15.43+0.42 14.53+0.42 17.35+1.11 13.73+0.00
Clove oil 19.52+00 18.31+0.25 20.41+0.59 17.23+0.34
Lavender oil 14.59+0.52 12.52+0.47 14.05+1.15 11.08+0.54
Arborvitae ail 7.27+0.16 9.82+0.56 8.42+0.74 6.72+0.53
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Fig 1: Sensitivity of food borne pathogens towards four different essential oils

Conclusions:;

Inconclusion, essentia oilsarerichinvolatile compounds
that exhibit diverse bioactivities, particularly
antimicrobial properties. This study demonstrates that
various essential oilsand their individual components
can serve aseffective natural antimicrobials, helpingto
mitigate microbial activities in food products. Our
findingshighlight the potential of these oilsasbiocontrol
agents, making them valuable resources for protecting
food commaodities against foodborne pathogens. While
theefficacy of essential oilsin controlling such bacteria
ispromising, further researchisessential tofully explore
their potential applicationsin the food industry. Asthe
industry increasingly shifts toward green technology,
investigating these natural alternatives can lead to
innovative solutions that enhance food safety while
minimizing reliance on synthetic preservatives. Overall,
the exploration of essential oilsasantimicrobial agents
holds significant promise for improving food
preservation and safety.
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Abstract

Dueto vast application of oilsand fatsinfood, cosmetic
and pharmaceutical industries, itisimportant to predict
shelf life of oil and fats with better repeatability and
precision. Different methods have been used for shelf
life assessment in oils and fats, here we have used
differential scanning calorimetry (DSC) method and
predicted shelf life in soybean, peanut, mustard,
sunflower, palmolein, and rice bran oil by analysing the
oxidation induction time (OIT). This method offered a
stable baseline measurement during the OIT
measurement and hence, improved the repeatability and
precision of measurement. Additionally, the sample
consumption and time required for OI'T measurement
was comparatively very small. The OI T values obtained
from the measurement showed linear relationship with
respect to the analysed temperature and good correl ation
coefficient (R?=0.999) valuesincreased the confidence
for shelf life prediction and reliability of measurement.

I ntroduction

Oilsand fats are among the most important ingredients
inthe basket of human diets. It provides nutritional and
sensory pleasureto the human beings. Additionally, oils
and fatsarethe most abundant lipidsin nature and serve
as major source of energy for the organisms. Lipids
are the crucial ingredients in food industries for the
manufacturing of various products such asready to eat
foods, butters, soups, chocolates etc. it is aso very
important in cosmetics and pharmaceuticalsindustries
for the manufacturing of various productslikelipsticks,
cream, |otion, shampoo, ails, vitaminsetc. Mostly, these
products are manufactured by using the vegetable oils
because this oil offers high amount of polyunsaturated
fatty acids in comparison to the animal oils. These
polyunsaturated fatty acids are very important which
decides the stability of the products. In presence of

oxygen, oxidation of unsaturated fatty acidstakesplace
which led to the degradation of lipidsand hence, change
inflavour, taste, shelf life, quality of productsmay occur.
Bad quality of product can compromise the safety,
nutrition level and may generate the harmful compounds
that might affect the health of human beings. Therefore,
acomprehensive understanding of the oxidation stability
of oils and fats is vital for both manufacturers and
consumers [1].

Oxidation of lipid is very complex process which
depends on processing condition and type of lipid. And
the thermal oxidation of lipid releases heat which can
be measured by using the differential scanning
calorimetry (DSC) instrument. A range of analytical
techniques and methods have been used for the
assessment of oxidation stability of lipid such asoxygen
bomb method, Schaal oven test, OXITEST method,
oxidation stability index (Reanimate), active oxygen
method along with DSC emerging as a particularly
effective method [2]. DSC is a thermal analysis
technigue where sample is measured at fix/controlled
air pressure, temperature and that measures heat flow
associated with physical transitions in samples. This
method delivers comprehensive understandings of the
oxidation process, enabling the quantification of critical
parameters such as oxidation inductiontime (OIT) and
oxidative onset temperature. While other methods
measures anisidine value, peroxide value, volatile
compound by gas chromatography (GC) and UV
spectrophotometer to assess the oxidative degradation
of lipids. Moreover, using DSC for oxidation stability
measurement of oils and fats has its own benefits, it
offers rapid and repeatable measurement and sample
quantity required for the measurement isvery small or
negligible in comparison to the others (e.g.,
Rancimat)[3,4].
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In short, analysing oxidation stability in oilsand fats by
DSC is very important parameter in nutrition, food
science, and product development. Present work
discuses about the oxidation analysisof lipid using DSC.
Additionally, it also discussesthe cal culation of oxidation
stability from OIT and extrapolated graph. It provides
insight into the thermal behaviour and oxidation kinetics
of lipid which canimprove qudity and safety of products.
As consumer demand for high-quality, stable lipid
products continuesto rise, therole of DSC in assessing
oxidation stability will remain essential, guiding
formulation strategies and ensuring product safety
across variousindustries.

Materials and methodology

All the oil sample used in the experiment has been
purchased from the local market. The standard (In and
Zn) used for the calibration of DSC was provided by
Perkin Elmer.

Sample preparation and pre-treatment

All the sampleswere prepared using the aluminium pan
for oxidation induction time measurement by DSC.
Approximately, 10 mg sample weighed in open
aluminium pan using syringe and samplein open panis
placed in to the DSC sample holder, and start the
measurement at required temperature. In order to get
the best repeatability, representative sampleis prepared
and lipid sample is melted at required temperature to
erase their previousthermal history.

Differential scanning calorimetry (DSC)

DSC techniqueis used for thermal analysis of sample
which measures the difference between the heat flow
rate of sample and reference as a function of time and
temperaturein controlled environmental condition. An
empty pan is placed on the reference sensor on the
other hand sample sensor hold pan with sample. Both
the pan reactssimilarly which led to thenil contribution
of the pans. However, sample present in pan absorbs
the energy and give the endothermic response and
exothermic responseisreceived upon release of energy
from the sample.

Before the sample analysis, instrument is calibrated at
one or two melting point using melting point certified

reference materials. Calibration is performed by
following ASTM (ASTM D3895-19) method or 1SO
(SO 11357) method [5, 6]. After calibration, sampleis
weighed in open aluminium pan and loaded into the
instrument with reference pan. Initialy, nitrogen gasis
allowed to purge for 5 minutes so that the inert
atmosphere can be created. The flow of gas set at 50
ml per minute and heat flow rate set as 20 p C per
minute. |sothermal heating procedure used for OIT
measurement and heating isperformed at 110, 120,130
and 140 p C. When the temperature reached at set
temperature, samplewas equilibrated for 5 minutesand
purged gas changed from nitrogen to oxygen at same
flow rate as nitrogen. This changeover time is
considered as the zero point for OIT calculation.
Isothermal operation is continues until the exotherm
appeared. OIT iscalculated by extending the base line
beyond the exotherm and a steepest linear slope is
extrapolated which intercept on the extrapolated
baseline. The time is recorded between zero time and
intercept is caled the OIT (Figure 1).

15 - DYNAM'C MODE
(20°CAmin)

ISOTHERMIC MODE (180*C)

GAS CHANGE INITRCGEN TO
5 - OXYGEN)

COXIDATION
EXOTHERMIC PEAK|

Heat flow (W/g)

i ENDOTHERMIC
S FUSION PEAK — 7

T =55
0 5 10 15 20 25 30
Time (minutes)

Figure 1: OIT determination by DSC [7].

Oxidation stability/snhelf life

After measuring the OIT at 110, 120, 130 and 140p C
indifferent oil samples, oxidation stability (shelf life) of
oils were predicted at 25 p C. The measurement of
OIT at different temperature showed linear relationship
and followed zero order kinetics (equation 1). Graphis
plotted between Log OIT and temperature, and
oxidation stability calculated by back extrapolation of
graph at 25 p C.

Log OIT =Log OIT, -k t 1

Where OIT represent OIT at time zero minute and, k
is constant and t stand for temperature.
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Results and discussion

The period where no change in heat flow signal is
appeared is considered as OIT. Unlike the OIT
measurement in plastic materias, there is no standard
guideline for OIT measurement in oil and fat samples

using the DSC equipment. The present work followed
the same procedure with some modification and
measured OIT in different oil samples such as
sunflower, peanut, mustard, palmolein, soybean andrice
bran ail, givenin figure 1(A,B and C).
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Figure 1: OIT measured at medium temperature (120 °C) in (A) peanut and sunflower oil, (B)
soyabean and palmolein oil and (C) mustard and rice bran ail.

Thetime measured with DSC at different temperatures
like 110, 120, 130 and 140p Cisconverted intolog value
and linearly plotted against the temperature for all
sample, are discussed in figure 2.

The linearity obtained in all samples showed the
regression coefficient (R?) of greater than 0.999 except
in soybean sample (R2 = 0.983). Linearity is
extrapolated backward and predicted the oxidation
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Figure 2: Linear plot in different oils and their extrapolated graph

used for shelf life calculation.
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Table 1: Oxidation induction time, coefficient and oxidation stability measured by DSC.

Sample OIT (min) Coefficient Predicted shelf life in
monthss @
110°C 120 °C 130pC 140 °C (R?) 30°C

Mustard oil 320.632 137.189 53.632 NA 0.9992 101
Peanut ail 570.243 257.738 | 110.068 NA 0.9998 10.0
Sunflower oil 525.05 181.59 95.365 NA 0.980 104
Soyabean oil 394.57 197.08 65.327 NA 0.983 101
Rice bran oil 678.23 310.1 134.98 NA 0.9997 10.6
Palmolein oil 1458 648.01 306.023 | 162.124 0.9971 n1

stability of all oil samples at room temperature. The Reference

predicted oxidation stability, linearity coefficient and OI T i

1. Saddana MDA, Martinez-Monteagudo SI (2013).

of samples are discussed in tablel.

Most of the other methods struggle to get the stable
base line during the OIT measurement. This issue
produced poor repeatability and precision of
measurement in different methods [3, 4]. However, in
DSC method a stable baseline is aobtained during the
OIT measurement and hence, provide better precision
and repesatability of the method. Moreover, DSC method
require shorter time and measure OIT in minutes in
comparison to Rancimat method which perform OIT
measurement in hours.

Conclusion

Oxidation stability or shelf life prediction through the
OIT analysisby DSC offersfast, precise and convenient
method. Sampleanalysisin controlled gasflow and heat
flow rate provides a stable baseline which make the
correct Ol T measurement possi ble and convenient, and
improves the repeatability and precision of the
measurement. Furthermore, duetoitsquick and reliable
means of monitoring oil stability, allowing both
manufacturers and consumers to make well-informed
choicesregarding oil selection and usage.
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industrial applications. 10.5772/54486.
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Abstract

In oil and fat industries, accurate and precise
measurement of solid fat content (SFC) isvery important
parameter for quality control. SFC values are required
for product finalization and quality assessment of
different products. Additionaly, it also playsvery critica
role in processing and value addition of the products
such as during the hydrogenation, blending and inter
esterification process. It a so regulate theflavour, texture
and mouth feel of the products. Therefore, the SFC
becomes very important parameter of quality control
for thefat based products. Thetraditional methodologies
like dilatometry have been used for the determination
of solid fat index (SFI) with better precision and
accuracy. Inthiswork, we have determined the SFCin
different oils and fats following the AOCS Cd 16b 93
method and the measurement results were not only
within the repeatability and reproducibility limit but also
produced very small standard deviation in comparison
to the traditional method. It shows the direct method
(NMR) isvery effective, suitable, precise and accurate
in comparison to other methods.

I ntroduction

The application of oilsand fats hasvery rich historical
background, it has been used since ancient period for
various purposes such as for cooking, backing, eating,
preservation etc. However, after the industrial
revolution the invention of hydrogenation process has
revolutionized and industrialized the application of oils
and fats. Thisdevel opment hasincreased the application
aswell asthe production of oil and fats which enabled
the mass production of baked goods and confectionsin
the market.

After the century of progressand understanding, quality
and nutrition aspect in oils and fats has become the
important criteria in current scenario. Currently, the
application of oils and fats is much refined and more
focused not only on the health benefits but flavour and
texture, and sustainability also. Application of oilsand
fats in various food industries such as chocolate and
bakery production etc. plays critical rolefor accessing
the texture, quality, and overall appeal of the final
products. Additionally, the application of oil and fatsin
backed products not only enhancesthe flavour but also
affect the physical property of baked products.

Infood industry, solid fat content (SFC) of oilsand fats
is very crucial parameter which affect the sensory,
physical and nutritional qualities of the food products
like dairy products, chocolates, margarines, baked
productsetc. The proportion of SFC governsthe quality,
texture, shelf life, mouth feel and stability of the products.
Therefore, precise and accurate measurement of SFC
inoilsand fatsbecamevery critical parameter of quality
control for manufacturers in order to meet the quality
and customer demands. During the processing of oil
and fat based materials, the SFC values of required
materials is used to regulate blending, hydrogenation
and interesterification process.

Most traditional method for the determination of SFCis
dilatometry method devel oped by American il chemist’s
society (AOCS; AOCS Cd 16b 93) [1]. Moreover,
several other methods are also used for SFC analysis
but these methods may be labour intensive, costly,
cumbersome, needsregular maintenance, calibration and
high chemical consumption. For instance, near infra-
red (NIR) method used for SFC analysis require
calibration maintenance. Calibration of NIR is very
complex due to its sensitivity toward the surface
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measurement rather than the bulk sample measurement.
In supercritical fluid extraction (SFE) method, ail is
extracted by using compressed CO, and require high
mai ntenance which increasesthe cost of measurement.

In comparison to these secondary techniques and wet
chemical method for SFC analysis, nuclear magnetic
resonance (NMR) technique offers eco-friendly, fast,
non-destructive, direct and user-friendly method of
analysis for SFC in oils and fats [2]. Recent
advancement in the NMR technology offers low
magnetic field and bench top model which makes the
calibration of instrument and measurement very
convenient, fast and accessible for both researchers
and food industries aswell.

Current work discusses the determination of SFC in
different oilsand fatsused in bakery industry using pulsed
NMR technique. Inthiswork, SFC has been determined
following the AOCS Cd 16b 93 method. It also explains
about the sample preparation procedure, method
verification and collaborative work done in earlier
studies.

Materials and methods

The standards (ND1645 SFC standards of 0%, 30.9%
and 72.9%) used for calibration/verification of NMRis
bought from Bruker. All other sampleswhich have been
used in the experiment are market samples.

Sample preparation and pre-treatment

Sampl e preparation has been donefollowing theAOCS
Cd 16b 93 method. A brief discussion on sample

Figure 1. Time Domain-NMR (The Minispec M Q20, Bruker)

preparation procedure is provided here. However, a
detailed discussion on sample preparation procedure and
NMR configurationisgivenin AOCS Cd 16b 93 method
[1]. All the fat and oil samples were heated at 100 °C
to removethe previousthermal history and to makethe
sample homogeneous. Replicates of each sample was
prepared and transferred into the 10 mm sample tubes
up to the height of 4 + 1 cm. All the samples were
placed into the heating blocksat 100 °C for 15 minutes.
After the storage of 15 minutes, al the sample tubes
were transferred into the next temperature zone of
heating block i.e., 60°C and left for 5 minutes at the
same temperature. Now the sample tubes were placed
at 0°C for 1 hour for the crystallization of the sample.
All the sample tubes were taken out from the
crystallization temperature and placed at required
temperature such as 10, 15, 20, 25, 30, 40, 50 and 60°C.
Samples were left for 30-35 minutes at required
temperature and after 35 minutes of tempering each
samplewas analysed with NMR for SFC measurement

[1].

Nuclear magnetic resonance (NMR)

Pulsed NMR (The Minispec MQ 20, Bruker) (figurel)
with total ninetempering zone (TC6 and TC3) hasbeen
used for SFC analysis. Temperature control unit (TC3)
has three temperature zone and each zone is having 60
ports for sample tempering and holding. Temperature
control unit (TC6) has six compartment and each
compartment has 10 ports for tempering and holding.
Themainunitishaving 1 port for sample measurement.
All the sample measured at following instrument
conditions (table 1).

|
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Table 1: Instrument (NMR) measurement

conditions
S. No. Parameters Value
1 Radio frequency 20 MHZ
2. Recycle delay 15 sec
3. No. of pulses 3
4 K factor 1.001
5 F factor 1.445
6 Scan 4

The basic principle of NMR spectroscopy technique
can be understand with the following discussion.
Hydrogen nuclei itself act asamagnet whenitisplaced
in an external magnetic field (H,). Therefore, the
alignment of the nuclei changesin presence of external
magnetic field. Somenuclei aligned against the applied
magnetic field and some toward the applied magnetic
fieldin presence externa magneticfield. Dueto Zeeman
splitting, upper and lower energy level created and the
difference (AE) between these two energy levels, in
thermal equilibrium, is given by Boltzmann equationl

[3].

N I,
—u — ekBT
N; -

Where AE is the difference between the upper (N )
andlower (N)) energy levels, k, represent the Boltzmann
constant and T is the absolute temperature. The
magnitude of AE depend on the extent of magnetic field
applied. A net magnetic moment is generated due to
the energy difference between thenuclei population and
this magnetic moment is aligned with the externally
applied magnetic field (H,). When an oscillating
magnetic field (RF field) is applied transverse to the
static magnetic field, nucleus transition or excitation
takes place from lower to higher energy level which
lead to the change in the net magnetic moment and
hence, the thermal equilibrium. Finally, excited nuclei
loses its energy and return to its ground state, and the
process is called the relaxation process. Mainly, two
types of relaxation takes placei.e., transverse (T,) and
longitudinal (T,) relaxation. When nuclei losesitsenergy
by colliding with the nearest nuclei and thetimerequired
to reach thethermal equilibriumiscalled thetransverse

relaxation (T,) andif the nuclei losesitsenergy into the
lattice and reaches thermal equilibrium, itiscalled the
longitudinal relaxation (T,). This relaxation process
changes the magnetic flux which is measured by the
same RF coil used for excitation of nuclei. The current
induced by the RF coil dueto the relaxation processis
proportional to the number of hydrogen atom presentin
thesample. Additionally, thesignal intensity obtained is
used for the quantification of target element in the
sample [4].

On the basis of the basic principle of NMR, the SFC in
oil and fat samplesis measured. SFC is determined by
measuring the signal intensity in solid aswell asliquid
phase of the sample. There are two method available
(such as direct and indirect method) for SFC
determination by NMR method. In direct method,
sample is first magnetized and signal intensity is
measured after 11 ps (E11) and again measured after
70 ps (E70). The signal intensity obtained at 70 ps
represent the signal intensity of liquid phase and the
signal obtained at 11 s after pulse is due to the solid
and liquid phase of the sample. Due to the hardware
limitation, it is not possible to measure the signal
immediate after the pulse applied. The signal obtained
at bothtimeinterval isused to cal culate the SFC content
in sample as discussed in equation 2 [1].

. 0 _ (E11-E70)xFx100
SFCpirect method ( A]) E70+[(E11—E70)xF1+D w
Where

Ell=

Signal measured at 11 s after magnetization

E70= Signal measured at 70 ps after magnetization

D = Digita offset factor for detector nonlinearity
correction

F = Dead time correction factor for receiver

However, inindirect method, first signal ismeasured at
temperature (E,) where solid and liquid both phase exist
and second signal is measured at 60°C (E,) only. In
thiscase, SFCiscalculated at lower temperature using
the difference between these two signals (E, and E,).

Results and discussion

Earlier, it was reported that the solid fat index (SFI)
measured by using the dilatometry method offers very
good precision and accuracy in comparison to the other
methods. Therefore, the AOCS committee has organised
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a collaborative study in 1992-1993 to measure the
accuracy and precision (for SFC measurement)
between the dilatometry and NMR method of
measurement [1]. It was found that the direct method
of measurement by NM R technique has better precision
than the indirect method of the same. However, the
direct method of measurement showed the similar
precision asthe dilatometry method. Repeatability and
reproducibility limit decided on the basis collaborative
measurement results from different methods are given
intable 2.

In this work, sample preparation has been done
following the AOCS Cd 16b 93 method. Sampleistreated
at 100 °C, 60°C and crystallized at 0°C and kept at
measuring temperature (10°C) before the analysis.
Sample analysis was performed following the parallel
method. All the measured SFC values are discussed in
figure 2.

Table 2: Repeatability and reproducibility limit of AOCS and dilatometry method

Parameters AOCS method Dilatometry method
Direct Indirect
Repeatability (r) 1.3% 2% 13%
Reproducibility (R) 3.3% 4% 20%
SFC measurement
85.00
P ]
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= =
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8= et B Palmolein
. 55.00
9\3 N Gold puff
E 45.00 B Vanaspati
7 =S B Refined palm oil
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==
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Figure 2: Box chart of SFC value measured by direct method (NMR technique) at
10° C in different samples.
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Both repeatability and reproducibility measurement
result showed very low standard deviation valuesin all
the sample measured. Standard deviation of al samples
werewithin the limit from both AOCS and dilatometry
method. Measured standard deviation values for
repeatability and reproducibility measurement are

discussed infigure 3 and 4. Lower standard deviation
values of measurements following the direct method
showed very good precisionin comparison to theindirect
and dilatometry method. It shows that direct NMR
method provides accurate and precise measurement
results in comparison to other methods.
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Figure 3: Sandard deviation of repeatability measurement in different samples and

AOCS repeatability limit.
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Figure 4: Sandard deviation of reproducibility measurement in different samples and

AOCS reproducibility limit.
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Conclusion

On the basis of previous and current work, it can be
concluded that the SFC measurement in oils and fats
by direct NMR method provides efficient, accurate and
precise measurement. This method is advantageous due
to its quick analysistime, minimal sample preparation
requirements, and non-destructive nature, making it
particularly useful in both research and industrial
contexts. Standard deviation of all measurements
performed by direct method were very small from the
traditional methods (dilatometry method) which
highlights its better performance and reliability.
Assessment of SFC within thelimit for various oil and
fats samples makes the method robust and suitable for
widerange of food products. Overall, the direct method
(NMR) marks a significant improvement in SFC
analysis, offering amore efficient and accuratetool for
lipid research and application.
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Following studies demonstrate the broad impact of oils
and fats research on health, sustainability, and food
technology, underscoring the potential for further
innovationinlipid science:

1. OleogelsasTrans-Fat Alternativesin
Food Products

Research on oleogel s has shown promising resultsasa
sustainable replacement for trans and saturated fatsin
food processing. Oleogels are created by structuring
liquid oilswith gelling agentslike waxes, which mimic
thetextureand mouthfed of solid fats. A study published
in Food Hydrocolloids reported that oleogel smade with
sunflower oil and rice bran wax displayedideal stability
and sensory properties suitablefor applicationsin bakery
and spreads (Patel et al., 2023). This formulation
approach alignswith the growing demand for healthier
food fatsand may reduce reliance on hydrogenated oils
(Coetad., 2023).

2. Lipidomic Profiling in Olive Oil
Authentication

Lipidomicsis increasingly utilized to detect olive oil
adulteration, addressing amajor quality control concern
in the industry. Using advanced mass spectrometry
techniques, researchers have been able to distinguish
olive oil from adulterants by identifying specific lipid
profiles uniqueto pure olive oil. According to arecent
study in Journal of Agricultural and Food Chemistry,
triglyceride and phospholipid compositionswere highly
effectivemarkersfor identifying pureolive oil (Almeida
et a., 2023). This development provides a robust tool
for quality assurance, helping protect consumers and
legitimate producers from fraudulent practices (Smith
et a., 2023).

3. Enhancements in Enzyme-Assisted
Oil Extraction

Enzyme-assisted extraction (EAE) has emerged as an
eco-friendly alternativeto traditional solvent-based oil
extraction. A recent publication in Biotechnology

Advances highlighted the efficiency of enzymes such
as cellulase and pectinase in increasing oil yield and
preserving bioactive compounds in sunflower and
rapeseed oils (Zhang et al., 2023). EAE minimizes
solvent use, alignswith green chemistry principles, and
can extract oilswith higher nutritional value dueto the
retention of antioxidants and vitamins (Mishra et a.,
2023). This method shows potential for becoming a
standard in sustainable oil extraction.

4. Structured Lipids for Nutritional
Tailoring

The use of structured lipids, which are specifically
engineered to contain beneficial fatty acidslike omega-
3s, offers opportunities for personalized nutrition. A
recent study inlLipids in Health and
Disease demonstrated that modified triglycerides could
enhancedigestion and potentially deliver health benefits
inclinical nutrition, such asimproving cognitive health
and reducing inflammation (Gomez et a., 2023). This
research suggests that structured lipids could be a
powerful component in functional foodsaimed at specific
health outcomes (Lee et al., 2023).

5. Omega-3 Fatty Acids in Immune
Modulation

Omega-3 fatty acids are well-known for their anti-
inflammatory effects, but recent studies indicate they
may also play aroleinimmune modulation. A publication
in Frontiers in Immunology detailed how EPA and
DHA, two key omega-3 fatty acids, reduce pro-
inflammatory cytokinelevels, which can benefit patients
with autoimmune and inflammatory disorders (Nguyen
et al., 2023). Further research in Journal of Lipid
Research supported thesefindings, suggesting potential
dietary recommendationsfor immune support based on
omega-3 intake (Ramirez et a., 2023).

Dr HB Sngh
Editor-in-Chief, JLST
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Eyeing alternatives— meat companies with stakes
in meat-free and cell-based meat (Andy Coyne has
presented a guide on how meat manufacturers are
investing in plant-based and cell-based alternatives,
August 30, 2024, published in Just Food)

Theriseof plant-based products and the arrival of cell-
cultured options as meat alternatives are trends very
much on the radar of the world’s largest meat
companies. Here we look at what those businesses are
doing to make surethey are not missing out on aternative
protein solutions.

Tonnies Group

Tonnies Group is one of the largest meat processorsin
Germany, offering pork, beef, and convenience products.
Set up in 1971, the family-owned company’s “core
business” centres on the slaughter, butchering,
processing, and refining of pigs, sowsand cattle. In 2022,
the group’sturnover stood at #6.82bn, with itsworkforce
at 15,200 worldwide. However, Tonnies has interests
in meat alternatives, with its Zur Midhlen Gruppe
subsidiary active in the sector. Zur Mihlen Gruppe,
home to meat brands including Boklunder and
Eberswalder, also markets meat-free products under
brandsincluding Vevia4 You and ameat brand, Gutfried.
In 2024, the company announced it had invested in Nosh,
aBerlin-based ingredientsfirm. Nosh usesfermentation
to make non-GM O fungi to use asan ingredient in meat
analogues and alternative-seafood products. The
company saystheingredient can also be used in bakery,
dairy, confectionery, and pet food.

JBS

The Brazil-based meat titan has had an up-and-down
record in aternativesto conventional meat. Inthe spring
of 2019, JBS, the world's largest beef
processor, unveiled a plant-based version of a burger
for thefirst time. JBS launched the vegan product under
oneof itsflagship Brazilian brands, Seara. The company
said the Incrivel Burger Seara Gourmet burger
contained soy, beets, wheat, garlic and onion. In March
2020, JBS announced it would launch plant-based
protein brand Ozo in the USvia a new subsidiary,
Planterra Foods. Burgers were among the products to
berolled out. However, two-and-a-half yearslater, the
company announced it was to close Planterra and

“focusitseffortsonits plant-based operationsin Brazil
and Europe, which continue to gain market share and
expand their respective customer bases’. In Europe,
JBSispresent in plant-based meat through itsownership
of Dutch business Vivera, whichit acquiredin 2021. In
November of that year, JBS announced it taken astake
in Spain-based cultivated meet firm BioTech Foods. JBS
announced in September 2023 that it had started
congtructionwork onan R& D site that will develop cell-
based protein, marking itslatest investment in the early-
stage industry.

Tyson Foods

The US meat giant, one of thelargest companiesin the
sector, has perhaps done more than any of itsrivalsto
positionitself in alternativesto its core product. Tyson
Foods previously invested in US plant-based burger
firm Beyond M eat and has backed two |ab-based meat
firms — Memphis Meats from the US and Future
M eat Technologies. InMay 2018, it co-ledaUS$2.2m
seed investment round in the Israeli firm through its
Tyson Ventures arm. It described the target of its
investment as a“ ground-breaking start-up developing
affordable, non-GMO technology for cultured meat
production”. Future M eat TechnologiesisaJerusalem-
based biotechnology company advancing adistributive
manufacturing platform for cost-efficient, non-GMO
production of meat directly from animal cells, without
the need to raise or harvest animals.

Theinvestment built onitsprevioudy taking aminority
stake in US-based Memphis Meats, again through its
Tyson Venturesarm. Memphis Meats, based in the San
Francisco Bay area and since renamed Upside Foods,
said it planned to use the new funds to accelerate
product development. In April 2019, it emerged Tyson
had exited itsinvestment in USfirm Beyond Meat, ahead
of the Beyond Burger maker’s |PO. In June that year,
Tyson launched a brand — Raised & Rooted — in the
US, under which plant-based products and so-called
‘blended’ food (containing meat and plant ingredients)
were sold. By the autumn of 2020, the company rolled
out the brand to Europe, targeting the foodservice
market.

In December 2020, Tyson announced it was making
changes to the Raised & Rooted plant-based range it
sellsinthe US —including pulling the hybrid burger on
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offer since the brand’s launch last year. Tyson started
2021 withtheunveiling of plant-based breakfast patties
under its Jimmy Dean brand, products it said would
help meet demand for meat-free options at breakfast.
In June of that year, the company continued its push
into mest aternatives launched itsfirst plant-based meat
brand in Asia

Marfrig

Another Brazil-based meat major, M arfrig, announced
inAugust 2019 plansto enter the plant-based category
in an exclusive tie-up with Archer DanielsMidland.
ADM produces the base raw materials while Marfrig
manufactures and sells the end products. Marfrig's
meat-free burgers — sold under the Revolution brand —
launched in December 2019 and since then they have
largely been targeted at the foodservice market where
they are sold by thelikes of fast-food giant Burger King
and local chain Outback Steakhouse, which brandsits
meat-free offering the Aussie Plant Burger and sells it
for around US$8. In November 2021, the Marfrig-ADM
venture, Plant Plus Foods, announced a pair of
acquisitions in the sector. The JV snapped up Sol
Cuisine in Canada and Chicago-based Hilary’s for a
joint consideration of US$140m.

BRF

Another Brazil-based meat giant has invested in
alternatives to the conventional industry. In the plant-
based area, BRF markets products under its Sadia Veg
& Tal brand, while the company has a contract
with Aleph Farms, an Israel-based start-up focusing
on cell-cultured mest. Their tie-up, announced in March
2021, will see the companies work together on
developing cell-based meat for salein Brazil. “BRF is
ready and charged to play a leading role in this food
revolution and be an active participant in one the
greatest industry transformations of this
generation,” Lorival Luz, the CEO of BRF, said at the
time. In July 2021, BRF invested in Aleph Farms as
part of aUS$105m funding round. Its contribution was
$2.5m.

Cargill

USagri-food giant Cargill hasalso backed ‘ clean” meat
company Memphis Meats. In August 2017, Cargill

joined awide group of investors including Microsoft
founder Bill Gatesand Virgin founder Richard Branson
in a Series A fundraising round in the business, which
has since been renamed Upside Foods. “Our goal isto
provide a complete basket of goods to our customers.
We will do this by growing our traditional protein
business, entering into new proteins and investing in
innovative alternatives,” Brian Sikes, group leader of
Cargill’s protein business, said at the time. Cargill has
continued to invest in conventional meat products but,
alongside building that side of its business, has backed
others offering alternatives. In May 2019, it was
announced Cargill had also becomeaninvestor in Aleph
Farms. In February 2020, Cargill announced it would
launch its own meat-free patties and ground products
aimed at the private-label and foodservice channels.

Smithfield Foods

InAugust 2019, the US meat major, owned by China's
WH Group, launched its own meat-free range.
Smithfield Foods rolled out mesat alternativesintheform
of breakfast patties, ‘ meatballs', burgersand starters, all
marketed under the Pure Farmland brand. The line-up
from Smithfield covered eight soy-based products made
with natural ingredients and are dairy and gluten free.
Pure Farmland products were set to hit the fresh,
refrigerated sections of grocery retailersin the USin
mid-September 2019.

Maple Leaf Foods

Canada' s Maple Leaf Foods has also been busy in meat
alternatives. In February 2017, it moved to acquire US
plant-based protein manufacturer Lightlife Foods from
private-equity firm Brynwood Partners for US$140m.
Announcing thedeal, Maple L eaf claimed the acquisition
establishesit asa“leader” inthe US plant-based protein
category through the Lightlife brand, which offers
refrigerated products such as plant-based hot dogs,
breakfast foods and burgers. And it built on this in
December 2017 when it entered an agreement to buy
US-based Field Roast Grain Meat Co. for
US$120m. Seattle-based Field Roast supplies grain-
based meat and vegan cheese products to the North
American market. Its range includes sausages,
frankfurters, burgers and deli slices.
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In 2018, Maple Leaf created Greenleaf Foods, a new
division to head the acquired Lightlife and Field Roast
Grain Meat assets. In 2020, through Greenleaf, Maple
Leaf invested in Gathered Foods, the US company
behind the plant-based seafood brand Good Catch.
However, by 2021, the company was warning about
the level of sales seen in the wider category. In
November that year, Maple Leaf announced a review
of its plant-protein business after a third quarter of
declining sales. Three months later, the group said it
would“recalibrate” itsinvestment inthedivisonto“align
with the market opportunity”. It added: “ The [financial]
results to date confirm that the very high category
growth rates previously predicted by many industry
experts are unlikely to be achieved given current
customer feedback, experience, buy ratesand household
penetration.” In 2022, Maple Leaf emerged as an
investor in Evolved Foods, a Canada-based outfit
developing cell-cultivated meat. Previously trading as
CaroMeats, Evolved Meats announced it had raised
CAD2m (US$1.5m) in seed funding, with Big Idea
Ventures, an alternative-protein venture fund and
accelerator that has invested in plant-based and cell-
cultured protein start-ups, joining Maple Leaf in the
round.

In February 2024, Maple Leaf revealed it is to merge
its meat and plant-based protein businesses after
breaking even in its meat-free division. It revealed the
reorganisation alongside its full-year results for 2023,
when, in the fourth quarter, it achieved its goal from
2022 “to deliver neutral, or better, adjusted EBITDA
within the next 18 months” inits plant protein division.
Sdlesfromthedivision, however, fell inthefourth quarter
and for the year as awhole.

OSl Group

The US-based meat supplier — with more than 60
facilitiesacross 17 countries—announced in July 2019
a deal to produce the Impossible Burger, the flagship
product of another Californian plant-based
upstart, Impossible Foods. The contract added
capacity to Impossible’s own plant in Oakland,
Cdlifornia. It came as Impossible claimed it had seen
“unprecedented demand” for the burger, which made
its debut in selected restaurants in 2016.

Sigma Alimentos

Further south in Mexico, SigmaAlimentos, one of the
country’slargest suppliers of meat and dairy products,
hasinvested in plant-based meat alternatives. In 2021,
the company announced it had acquired aminority stake
in The Live Green Co. (TLGC), a Chile-based
supplier of plant-based meat and dairy products. Sigma
described TLGC as “one of the most exciting plant-
based start-upsin Latin America’. The Santiago-based
firm, set up in 2018, has a product range that includes
plant-based burger and pancake mixes, as well asice
cream. The company has also made moves in plant-
based meat via its Spain-based business Campofrio
Food Group.

Nestlé

Theworld' slargest food maker, which ownsaminority
stake in European meats business Hertaand buys in
meat for a variety of ready meals and convenience-
food products, has a growing presence in the market
for meat alternatives. In September 2017, the
company entered the US market for plant-based
food with the acquisition of Sweet Earth.

In Europe, Nestl€'s has made a series of movesto try
totap into growing demand for plant-based alternatives
to meat. In the spring of 2018, the company launched
the Garden Gourmet brand in the UK but, by April
2019, had confirmed the product wasno longer on sale
in that market. April 2019 also saw Nestlé launch the
Incredible Burger under the Garden Gourmet brand in
select European markets.

In June 2020, Nestlélost a trademark spat with US
plant-based burger maker Impossible Foods and was
forced to drop the Incredible Burger name, adopting
the designation of the Sensational Burger instead. In
Australia, the Swiss giant marketsits plant-based meat
products under the name Harvest Gourmet, which was
launched in that market in 2019.

The Harvest Gourmet brand was launched in Chinain
the autumn of 2020. In July 2021, Nestlé confirmed it
was “evaluating innovative technologies to produce
cultured meat or cultured-meat ingredientswith several
externa partnersand start-ups’. Nestlé said an example
was its work with Israeli cell-based meat start-
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up Future Meat Technologies. The company said it
was partnering with Future Meat Technologies to
“explorethe potential of cultured-meat componentsthat
do not compromise on taste or sustainability”. Four
months later, the company took part in the seed
funding of Sundial Foods, aUS start-up developing a
vegan alternative to chicken wings.

Campofrio

Campofrio announced itsfirst moveinto the plant-based
protein category in June 2020. The move came three
years after it launched its Campofrio Vegalia unit with
the aim of “responding to the needs of the vegetarian
or flexitarian consumer”. The Madrid-based company
launched avegan burger madewith ingredientsincluding
soy and pea vegetable protein, mushrooms and
sunflower oil. Magic Burger is made at the Campofrio
Frescos plant in Burgos.

Thomas Foods I nternational (TFI)

In April 2022, the Australia-based meat and seafood
processor, which serves retail customers worldwide,
announced it had joined a project to develop a plant-
based protein and foods hub in the country. Thomas
Foods International (TFI), a processor of lamb,
mutton, beef, goat and seafood, will build meat-
alternative and plant-based extraction facilities in
Australia. At thetime, Darren Thomas, TFI’smanaging
director, said in a statement: “For Thomas Foods
International, we see plant-based protein as a natural
complement to our traditional product offering and
allows us to reach new markets and customers. “The
market for plant-based products is also expanding
rapidly and we see great opportunity to leverage our
experience and expertise into this exciting new
opportunity for local farmersand consumersacrossthe
globe.”

Unilever

The owner of the Unox meats brand made a splash in
alt-meat in 2018 with the acquisition of Netherlands-
based The Vegetarian Butcher. Unilever's sales of
plant-based meat and dairy products (alsoincludingice
cream) were circa EUR200m in 2019. In November
2020, the FM CG giant announced atarget of generating
annual sales of meat- and dairy-alternative of EUR1bn

inthenext “fiveto sevenyears’. Announcing thetarget,
Unilever said it had grown The Vegetarian Butcher’s
presence to “more than 20,000 points of sale in 30
countries”.

InMay 2021, Unilever announced a“ partnership” with
UK -based Enough, which produces the Abundamyco-
protein using a zero-waste fermentation processwhere
natural fungi are fed with renewable feedstock, such
as wheat and corn.

Fleury Michon

In 2023, France-based charcuterie supplier Fleury
Michon entered the plant-based meat sector through
apartnership with Planted, a Swiss specialist. Thetwo
companies launched arange of mince-type productsin
France. They secured listings at retailers including
Carrefour, Intermarché and Casino.

Nod Alimentaria

The company, amajor name in Spain’s meat industry,
has made aforay into the market for meat-free products.
The family-owned business launched its first meat-
aternativeitems, asubstitutefor aveal burger, in 2019.
In the summer of 2020, Noel Alimentaria announced
the development of more products, all sold under the
Nature sub-brand.

HK Scan

The Nordic meat processor’s presence in meat-free
includes the manufacturing and marketing of meat-free
products under its Parsons brand in Swedenin 2016. In
November 2019, the company teamed up with Hes-
Pro (Finland) to devel op plant-based protein products,
with the first foods from that partnership launched the
following autumn under the HK Vihreét brand.

InMay 2020, HK Scan expanded further into the plant-
based market with a joint venture with Finland-based
private bakery business L eivon L eipomo. Six months
later, thegroup inked adeal to sell Apetit’s plant-based
products in the Swedish foodservice channel, with
distribution starting in February 2021. That same month,
HK Scan said it wanted to continueto build its presence
in the market for plant-based alternatives.
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Speaking to Just Food, Tero Hemmil&, HK Scan’s Chief
executive, said he had seen the growth in the plant-
based meat category “slow” during the Covid-19
pandemic but added that he expectsinterest toriseagain
once the dust settles on the virus.

Bell Food Group

European packaged meats supplier Bell Food Group is
another to have invested in lab-grown meat. In July
2018, the convenience food supplier invested EUR2m
(US$2.4m) in Mosa Meat, a cultured-beef start-up
based in the Netherlands. “The objective of the
upcoming development phase is to successfully bring
cultured beef to market by 2021,” Bell said. “The Bell
Food Group supports the development and research
work [at Mosa Meat] with its expertise and know-how
asone of theleading producers of meat and charcuterie
products in Europe.” Mosa Meat also attracted
investment from M Ventures, the corporate venture
capital arm of science and technology company Merck.
Bell has invested further in Mosa Meat since, most
recently in July 2020. The company a so has plant-based
meat aternativesinitsproduct range. Bell sellsproducts
in Switzerland and Germany, marketing plant-based
options under its The Green Mountain brand.

Hilton Food Group

In October 2018, the UK -based meat processor Hilton
Food Group struck adeal to buy 50% of Dalco Food,
a supplier of vegetarian products in the Netherlands.
The transaction, agreed for an undisclosed sum, gives
Hilton an option to buy therest of Dalco Food in 2024.
According to the Dalco Food website, the company
started life as a butcher’s shop in the centre of Oss, a
city inthe east of the Netherlands, in 1975. Dalco Food's
product lineincludes mesat substitutes such asvegetarian
burgers. It aso includes products like chicken nuggets
and meatballs. The business' customer base takes in
retailerson aprivate-label basis, the foodservice channel
and food manufacturers.

In September 2023, Hilton announced it
was consolidating its factory operations for meat-
alternatives as aproactive measure against the “ market
restructure” in the category. It said it planned to close
itsDutch facility inthe city of Ossand move production
of meat-free sausages, chicken and burgers—marketed

internationally —to Hilton’sremaining sitein the country
based at Oosterhouit.

InApril 2024, CEO Steve Murrellstold Just Food: “We
remain a fan of that sector. It remains an important
market for our partners around the world. “ Two of the
reasons why | think there's a global resetting in this
marketplace was around how do we make it more
affordable for more people and how do weimprovethe
experience around taste and flavour.” Hilton Food has
now “started to rightsize the business”’, he said.

Rastelli Foods Group

In the autumn of 2019, US-based meat and seafood
supplier Rastelli Foods Group was signed up
by Moving Mountains as the UK-based meat-free
business’ importer and “key distributor” inthe country.
At theend of theyear, Rastelli Foods Group also agreed
to act as US distributor for UK meat-free start-
up Daring Foods. In February 2020, Daring Foods is
also planning to launch adirect-to-consumer servicein
the USin February supported by Rastelli Foods.

| zico Food Group

In November 2017, Dutch frozen snack company | zico
Food Group, which includes chicken skewers, mini
burgers and meat croquettes in its range, added to its
business in the UK with the acquisition of vegetarian
foods supplier Goodlife Foods. Goodlife's range
includes vegetarian sausages and burgers supplied to
the retail and foodservice channels. 1zico, which
manufactures branded and private-label frozen food
products, also hasitsown range of vegetarian and vegan
products. It said the “ addition of Goodlife confirmsthe
organisation’s strategy to develop their UK business
going forward and to cement their position asaleading
supplier intheir chosen categories’.

PHW-Gruppe

The company, one of Europe’s largest poultry
processors, has made— or been involved in —anumber
of investmentsin businesses offering meat alternatives.
In January 2018, PHW formed a strategic partnership
with Israeli ‘clean meat’ business SuperMeat. It
provided financing that will enable the Tel Aviv-
based, bio-tech start-up to bring its “clean-chicken
products’” to market. SuperMeat produces meat by
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growing cells extracted from chickens. The cells are
then grown in conditions that allow them to thrive,
forming poultry cuts. SuperMeat said of its business:
“Thisprocess putsan end to theindustrial need to mass
produce animals for slaughter, while eliminating
exposureto animal waste and food-borneillnesses; the
potential benefitsfor public health and animal welfare
are therefore considerable.”

In September 2019, PHW was part of a
consortium investing in Israel-based 3D printer
alternative meat producing firm Redefine Meat. In
February 2020, Foods United, a US-based business
set up to invest in the plant-based market, bought a
majority stake in German vegan business LikeM eat.
PHW-Gruppe owns a minority stake in Foods United.
A month later, Foods United was renamed The
LiveKindly Collective after acquiring plant-based
digital media platform, LiveKindly Media. The
LiveKindly Collective also has South Africa-based
business The Fry Family Food Co. initsportfolio, as
well asthe Nordic brand Oumph, which was acquired
from Sweden’s Food for Progress in the summer of
2020.

In 2021, The Livekindly Collective snapped up No
Meat, the branded aternative-protein line owned by
UK frozen-food retailer Iceland Foods. The sameyear,
the company a so bought Amsterdam-based The Dutch
Weed Burger, which makes alt-meat products from
seaweed. In October 2020, meanwhile, PHW launched
its own vegan brand, Green Legend.

RCL Foods

Another investor in The Livekindly Collectiveis South
Africas RCL Foods, amajor local supplier of poultry
products. RCL, the owner of the Rainbow chicken
brand, invested in The Livekindly Collectivein January
2020, acquiring a minority shareholding. Terms have
not been disclosed. A year later, RCL and The Livekindly
Collective announced the formation of ajoint venture
to market the latter’s products in South Africa and
elsewhere in sub-Saharan Africa. The venture,
Livekindly CollectiveAfrica, waslaunchedin May 2021
and is markets the US firm’s brands, including Fry’s,
Oumph and Like Meat, in the region.

Nortura

Norway’s Nortura isamong those meat companiesto
have launched their own ranges of meat-free products.
In 2017, Norturalaunched a line of vegetarian
alternatives to meat called MEATish. The line
included M EATIsh bowls, huggets, bitesand burgers. It
is made from GMO-free soybeans and Norwegian
eggs. The company said the products have “ equivalent
or higher” protein and less saturated fat than meat
options. Nortura said at the time it is one of “several”
vegetable-based projectsit isworking on.

Wiesenhof

In 2015, German meat processor Wiesenhof continued
its push into meat-free with the launch of two vegan
products. The company, which already sold vegetarian
linesunder its Paul’ sVeggie brand, introduced avegan
sausage and a vegan mortadella — an Italian sausage.
The products are made with pea and soy protein.
Wiesenhof pointed to data from the Vegetarierbund,
Germany’s vegetarian association, that it said showed
10% of German consumers are vegetarians.

Finnebrogue Artisan

In early 2019, the sausage, bacon and ham supplier,
based in Northern Ireland, opened anew facility to make
vegetarian and vegan products. Announcing the
investment, managing director Brian McMonagle said:
“We are determined not to stand still and are always
looking to makefood the best it can possibly be, without
being bound by the way it's always been done. “More
and more people are switching to avegan or vegetarian
diet — and even meat eaters are increasingly seeking a
day or two off a week.” In May 2020 it launched a
new plant-based range, consisting of Naked ‘made
without themoo’ burgers, meatballsand mince products
and Naked ‘ made without the oink’ sausages.

The Black Farmer

InApril 2018, TheBlack Farmer, aUK food business
best known for sausages and other meat products,
launched The Hatchery, a collaborative incubator for
food entrepreneurs. The first cohort was made up of
three businesses, one of which is London-based Planet
Jason which makes vegan burgers and sausages.
meatless mince and chicken-type products.
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ABP Food Group

Ireland-based meat processor ABP Food
Group announced it was moving into the plant-based
arena in February 2019. The County Louth business
launched itsfirst fresh plant-based, meat-free brand for
distributioninthe UK. Itsbrand iscalled Equalsand is
being sold through major UK retailersincluding Asda.
Thecompany said themovewas part of its* multi-million
pound” investment in branded and ready-to-cook meat
and meat-free products which complement its core
processing business. Equals’ launch product was apack
of two meat-free quarterpounder burgers, made from
amix of seasoned pea and soy proteins.

The brand was delisted and, in 2021, ABP launched
another brand, Dopsu, inthe UK. ABP rolled out arange
of frozen products under the Dopsu brand, whichwas a
portmanteau of the words doppel ganger and substitute.

Danish Crown

In August 2019, Denmark-based co-op Danish
Crown announced it was to launch plant-based
products. The company said it would be ready to
introduce plant-based alternatives to beef burgers
before the end of the year. Finn Klostermann, CEO of
Danish Crown Beef, said: “ Danish Crown Beef already
has several hybrid products composed of minced beef
and root vegetablesin the chilled cabinets, they will soon
be joined by products made entirely of plants. Before
the end of the year a plant-based burger will be a part
of our product range.” Klostermann said the co-op was
responding to consumer demand. In autumn 2020,
Danish Crown confirmed it had acquired a stake in a
local business making steak products targeted at
flexitarians and vegetarians. The company invested
in INFoods, a new business set up by the founders of
DK-Foods, the Danish pepperoni manufacturer Danish
Crown acquired in 2018.

Hormel Foods

US-based Hor mel Foods launched a meat alternative
brand in the shape of Happy Little Plants in September
2019. The Austin, Minnesota-based branded food
company — behind products such as Skippy, Spam and
Applegate — announced the launch at the Barclays
Global Consumer Staples Conferencein Boston. It said

the initiative, mooted back in June, is the first project
under its Cultivated Foods umbrella. It had previously
launched blended meat and vegetable products.

Vion Food Group

Netherlands-based meat business Vion Food
Group announced in October 2019 it was to establish
an arm manufacturing plant-based meat aternatives.
ME-AT wasto provide productson aprivatelabel basis
to retailers, most likely in its home market and in
Germany.

Therewere no plansto bring out branded productsusing
the ME-AT label. Vion did not disclose which proteins
will beused initsfive planned products.

Kepak Group

Ireland’s K epak isanother company to seek to tap into
the interest in vegetarian brands. In January 2020,
Kepak announced it was rolling out avegetarian product
under its ready-to-cook burger brand Rustlers. The
Rustlers Moroccan Vegetarian Burger — which had a
recommended retail price of GBP2 (US$2.60 at the
prevailing exchange rate) — is made with chickpeas,
carrot and coriander. Every Rustlers comes with a
sachet of sauce and the veggie product is sold with
mango chutney and ayogurt-and-mint sauce. In October
2021, Kepak launched aproduct it described asa“ meat
mimicking” burger. Madewith peaprotein and launched
under the company’s Rustlers brand, the Meatless
Maverick burger was launched at Tesco stores and at
theretailer’s One Stop and Booker outlets. “ The meat-
free movement has rapidly accelerated growth of the
category, which is being driven by flexitarians as
consumers seek more balance in their diets,” Adrian
Lawlor, Kepak’s chief marketing officer, said at the
time. “It's important for a brand like Rustlers which
has built its success on meeting clear consumer needs
to recognise thistrend and provide solutionsto meet it.
For meat reducers, M eatless Maverick providesan easy
swap whilebehaviouraly fitting existing habits, therefore
requiring less of a conscious shift.”

NH Foods

In the spring of 2020, the Japanese group, home to
businesses including Nippon Ham, was announced as
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among a group of investors taking part in a Series A
round of funding in IntegriCulture, a Japanese firm
developing cell-based foods. A spokesperson for NH
Foods told just-food at thetime: “ By strengthening the
collaboration through thisinvestment, wewill accelerate
technological research for the realisation of clean mesat
and verification of future business possibilities.
IntegriCulture is a start-up company that has useful
technology in developing clean meat and is actively
taking on the challenge of market creation.”
IntegriCulture's key aims are to bring cell-based foie
gras to market in 2021 and processed meat in 2023. It
hopes to then start marketing cell-based beef in 2025.

Hanegal

The Danish manufacturer, which sells arange of meat
products, also offers organic, meat-free meals and, in
2020, stepped up its presence in the market for meat
alternativesby acquiring local plant-based ready-meals
manufacturer Fair dig. Cees Kuypers, the commercial
director and co-owner of Hanegal, said at the time:
“The acquisition is strategically important to us aswe
thereby strengthen our position in plant-based ready
meals. The acquisition gives us a good starting point
for further expansion — and especially in the frozen
category and in export markets where Lise-L otte has
extensive experience.”

Scandi Sandard

The Nordic chicken group, formed in 2013 by private-
equity house CapVest through the combination of
processors K ronfagel and Cardinal Foods, ownspoultry
brands across western Europe. In the autumn of
2020, Scandi Standard announced aplan to work with
local food-development firm Veg of Lund in R&D
projects centring on plant-based protein.

Century Pacific Food

Century Pacific Food, a meat and seafood products
manufacturer in the Philippines, moved into alt-meat in
2020. Thepublicly-listed business started of f with plant-
based burgers, which wererolled out in the company’s
foodservice operation — Shakey’'s Pizza Asia Ventures
— in October. Century Pacific then launched a brand,
UnMeat, into the country’s retail sector.

Charoen Pokphand Foods

In May 2021, the Thailand-based pork and poultry
heavyweight unveiled plant-based brand Meat Zero and
announced an ambition for it to become atop-three alt-
meat brand globally within five years. On its way to
that goal, Charoen Pokphand Foods wantsthe brand to
bethetop alternative meat brandin Asia“within 2022".
Five months later, CPF announced the acquisition of
50% of Poland-based Well Well, which manufactures
arange of plant-based meat substitutes.

Al Idami Foods

Middle East manufacturer Al 1slami Foods made its
meat-free debut with thelaunch of aplant-based burger
in January 2021. The United Arab Emirates-based
company, one of the largest frozen food companiesin
theregion, said it had launched the product in response
tothegrowing appetitefor healthier vegan optionsand in
timefor Veganuary, aglobal campaign that encourages
people to try a plant-based diet in the New Year. Its
burger is made using sunflower protein, favabeansand
peas and isthefirst in aseries of plant-based products
that the company planned to roll out.

Jensen Meat Co.

In 2021, the California-based beef processor broke
ground on adedicated facility for meat alternatives due
to be operational in April that year. The project came
under a year after Gregg and Jeff Hamann, who have
owned Jensen Meat Co. since 2011, acquired a
controllinginterestin local plant-based business Before
the Butcher.

Van Loon Group

The Netherlands-based business, which is centred on
meat and ready meals, has a presence in alt-meats. In
2019, the company launched mest-free brand The Blue
Butcher, which sellsinto retail and foodservice. Two
years later, Van Loon set up The No Meat Today
Company, adedicated meat-freearm, to try to expand
its business in the meat-alternatives sector.

Country Archer Provisions

In August 2021, the US jerky firm Country Archer
Provisions launched a plant-based option, made from
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oyster mushrooms. The jerky was rolled out in BBQ,
teriyaki and spiced bacon variants. Country Archer
Provisions, based in San Bernardino, California, isbest
known for its grass-fed beef jerky and meat sticks. The
company suggested its plant-based lineisa“ clean-label
snack that both flexitarians and vegetarianswill love”.

Harvest Road

Australian beef and seafood processor Har vest
Road isashareholder in Proform Foods, alocal plant-
based meat business. Harvest Road acquired itsminority
stake in Proform Foods in 2021. Based in Sydney,
Proform Foodswas set up in 2008 asan R& D business,
providing protein ingredients. The company is still an
ingredients supplier but has branched out into brands,
selling the Meet range (stylised as ‘MEET’) of plant-
based meat alternatives.

Baiada

Staying in Australia, another major local meat group
that offers meat-alternatives is Baiada, the poultry
processor. The company markets a range of products,
including nuggets, kievs and tenders, under the Greens
& Goodness brand. Baiada says it uses a pea-based
protein for itsmeat alternativesfor “animproved taste,
flavour, texture and nutrition”. The Greens & Goodness
range comprises frozen and chilled products. Upon the
launch of the frozen SKUsin July 2022, Baiada said:

“According to the research of 2,000 Australian
consumers conducted by Baiada, one-in-four
households now include at least one vegetarian, vegan
or meat reducer, representing nearly AUD26bn in
household consumer spending. “While existing plant-
based protein offerings focus on wellness, research
suggests that consumers are looking for greater
convenience and improved taste and texture from
current plant-based offerings.”

Orkla

In April 2021, Orkla, the Nordic food manufacturer,
announced the launch of anew dedicated alt-protein
division. And in November that year, it revealed it
was expanding afactory in Sweden that produces plant-
based meat alternatives. The company saaid it was
spending SEK70m ($81.2m at thetime) onitsfacility in
the southern town of Eslov to up its capacity to make
foods sold under the Anamma, Frankful and Naturli
brands. Aswell as serving the Swedish market, the Edl6v
site exports to other Nordic countries and the Baltic
states. “We have had an incomparable development
since 2015 when we started the vegan factory in Esl6v.
The production volumeisabout seven times higher than
fiveyearsago,” Erik Wendel, the manager of the Esl6v
factory, said. But soon afterwards, it dialled back its
plant-based M&A strategy, suggesting it will need to
fast-track innovation to deliver on its category pledge.
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Dr. Vijay Kale (Late)

Former Chief Scientist & Head

Lipid Science & Technology Division
CSIR-Indian Institute of Chemical Technology

Hyderabad — 500007, India

Dr Vijay Kale, Chemical Engineer by profession obtained his BTech, MTech and Ph.D from Osmania University.
Hejoined the Lipid Science & Technology (then Oils & Fats) Division of CSIR-1ICT (then RRL), Hyderabad in the
year 1977 and retired from there in 2010 as Director Grade Scientist (Sci. G). He strongly believed in “ Concept to
Commercialisation” with this motto, he developed many processes from lab scale to pilot scale and finally to
commercial scale.

Although Indiaisthelargest producer of castor oil, most of the castor derivatives areimported. During histenure at
IICT for first timein the country, he devel oped novel technol ogies or improved existing technologiesfor many castor
oil derivatives, green technol ogies such as Enzymatic Degumming of Rice Bran Oil, Biodiesel from Non-edibleoils,
use of membranein refining of vegetable oilsand Synthetic Aviation L ubricants. The technologies at 50 tons per day
of Enzymatic Degumming of Rice bran oil, Hydrogenated Castor Qil (HCO), 12-Hydroxy Stearic Acid (12-HSA)
and and 2 tons per day of Undecenoic Acid (UDA) were successfully demonstrated and transferred to Industries.

In recognition of his research work he was conferred many prestigious Awards, notably among them are - CSIR
Technology Award (2005) from Sri Somnath Chatterjee, the Honourable Speaker of Lok Sabha, National Award
for Technology Development Board (2009) for Enzymatic Degumming Technology.

Hewas deputed to University of Illinois, USA to obtain ‘ Hands on Application Training in Membranefield’ and was
invited asavisiting Scientist by University of Saskatchewan, Canada.

He has published 25 research papers in National and International Journals and has 8 patents to his credit. He
presented 10 research papersin International seminars and has delivered 23 Invited lectures organised by various
Indian and International Organisations in USA, Canada, Malaysia and Singapore. He has guided several PhD,
MTech and BTech Chemical Engineering students. During his tenure in 11CT, he was member of many National
Committees such as DBT, DST, Bureau of Indian Standards. He was a Life member of many professional bodies
such as TelanganaA cademy of Sciences, Indian Science Congress, Association of Food Scientistsand Technologists
India, Indian Catalysts Society and Indian Society of Analytical Scientists, Indian Institute of Chemical Engineers
(I1ChE)

Dr Kale served as Chairman of 11ChE, Hyderabad Regional Centre for 2 years, as President Oil Technologists
Association of India, South Zone for two consecutive terms.

Prabhavathi Devi
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ﬂ‘/‘?‘ Dr Nori Krishnamurthy (Late)
N / - f Former Deputy Director & Head
o Paints & Polymers Division
‘ ; CSIR-Indian Institute of Chemical Technology
% N, - »: Hyderabad - 500007, India
1938-2024

Dr N Krishnamurthy, Polymer Chemist by profession and obtained his BSc (Hons), BSc (Tech), MSc (in Oils &
Fats Technology) and PhD (Tech) from UDCT, Bombay University. He joined as Scientist B in Paints & Polymers
Division of CSIR-1ICT (then RRL), Hyderabad in April 1965 and retired from there in August 2000 as Deputy
Director. He served IICT for > 35 years and developed >70 adhesives products of commercial importance and
transferred to 70 industries all over the country. Many products which were devel oped during those days are till in
the market and no substitutes were found yet in the market. These industries have generated an employment to more
than 500 persons.

After hisretirement from 11CT, he served as consultant for Pidilite for 17 years and helped Pidilite to get turnover
more than Rs 8000 crores. Because of his successful stint at Pidilite, this firm has sponsored three projectsto 11CT
worth of Rs55 lakhs. 1ICT also earned another Rs 35 lakhs by transfering the know-hows for octyl cyanoacrylates,
neoprene based contact adhesive, rat trap adhesive etc., that were developed by him when he was in service.

He devel oped about 18 high tech adhesivesfor Agni, Aakash, Trishul and BrahM osmissiles. Out of these 10 adhesives
are now being manufactured commercially by Pidilite and supplying to RCI-DRDO on regular basissince 2011. He
hasreceived a certificate of appreciation from our Prime Minister Shri NarendraM odi in theyear 2015 for developing
an adhesive for Fiber Optic Gyro used to navigate an unmanned fighter aircraft.

In addition, he also served as consultant for RCI Missile centre, Ministry of Defence, at Hyderabad, Johnson and
Johnson Itd., Aurangabad, Ex. RAC Chairman of Indian Institute of Natural Resins and Gums, Indian council of
Agriculture Research, Ranchi, Jharkhand.

In recognition of his research work he was conferred many prestigious Awards, notably among them are - RGBV
Swaika awards (1981,1991 & 1995), Hussain Zaheer award (1983) & JG Kane Memorial Award (2003) from
OTAl inaddition to IPA first prize (1982) and Life time Achievement Award from IICT in 2011.

He published more than 115 research papers in Polymers, paints and adhesives. He had more than 22 Patents, and
one is world patent on adhesives used for communication devices. He guided 21 Ph.D students. He served as a
member of several Research Advisory Committees for ILRI - Ranchi, |PI - Bangalore, BIS - New Delhi. He was
aLifemember of many professional bodiessuch asOTAI (SZ), Colour society, Biomaterials, Analytical Society and
UDCT alumini and also served as President, OTAI-SZ. He gave UGC TV Educational programmes to popularize
science for more than 180 min.

He was deputed as a visiting scientist to Sttutgart, Kaisersatern and Erlangen universities in Germany and also
visted Switzerland and USA.

Prabhavathi Devi
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Shri Raghu Nandan Mody (Late)
: ! Former Chairman, Rasoi Ltd.
' .| Rasoi Court, 20 Sir RN Mukherjee Road,

Kolkata-700001, India

10392024

Raghu Nandan Mody and RASOI Vanaspati are synonymous. He was an outstanding human being who steered an
industry to its heights. He was my boss, but our relationship was founded in deep mutual respect, and sustained over
five decades with the bond of affection and friendship.

In the decades of 1970 and 1980, there were five vanaspati factoriesin Calcutta. All were proprietary concernsrun
directly by their respective owners. Mr. Mody commanded special respect from his peers. He was President of the
VMA Eastern Zone, at |least twice during this period when the vanaspati industry was at its peak.

My almost 30 year tenure at Rasoi began in 1973, and it has been an unforgettable experience. What | remember
most of my professional relationshipis Mr. Mody’s poisein handling tricky situations, especially in West Bengal of
those days, with itsunforgiving labour situation. He always showed a sporting spiritin all hisdealings, beit with the
office staff or the workmen at the factory.

He understood theimportance of collective action with peers, aswell asin socia outreach, and encouraged mein my
activitieswith the Oil TechnologistsAssociation of Indiaand the Rotary Club activities. It was at hisinsistence that
| become amember of the American Oil Chemists Society (AOCS). It wasthe respect he commanded that resulted
inthe AOCS president visiting our factory, asdid several distinguished scientistsfrom Indiaand abroad. His social
contactswere enormous. | hold memories of hisfriends, including FaroogAbdullah and Dr. Karan Singh visiting our
factory, and participating in various Rasoi events.

Raghu Mody’s personal attachment to OTAI isalong saga. He was President of the Eastern Zonein 1977-1979. His
encouragement and contributions resulted in the OTAI International Conference being held in Calcuttain 1998. It
was a memorable event. He was President of the All India Body of OTAI in 2003, and closely associated with the
conferences held in 2003 and 2008. He was also President of the ASSOCHAM and IVPA, in different periods.

Retirement was not for him. With the vanaspati industry moving intoitstwilight years, Mr. Mody seamlessly ventured
into other industries, and successfully negotiated the acquisition of J.L. Morison and Hindustan Ferrodo Ltd. and ran
them profitably.

Hewas akeen sportsman, with aspecial biasto golf. The sporting spiritin hisday-to-day dealings possibly stemmed
from hislove for sport.

I remember Raghu Mody as afriend, an astute businessman and a kind human being. May His Soul Rest in Peace.

RS Vaidyanathan
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REGULARARTICLES

All portions of the manuscript must be typed double-
spaced and all pages numbered starting from the title
page. The Title should be a brief phrase describing
the contentsof the paper. The Title Page should include
the authors' full namesand affiliations, the name of the
corresponding author along with phone, and E-mail
information. Present addresses of authors should
appear as a footnote.

TheAbstract should beinformative and completely self-
explanatory, briefly present the topic, state the scope
of the experiments, indicate significant data, and point
out mgjor findingsand conclusions. The Abstract should
be maximum 250-300 words in length. Complete
sentences, active verbs, and the third person should be
used, and the abstract should be written in the past tense.
Standard nomenclature should be used, and
abbreviations should be avoided. No literature should
be cited.

Following the abstract, about 3 to 10 key words, that
will provideindexing references, should belisted. A list
of non- standard Abbreviations should be added. In
generd, non- standard abbreviations should be used only
when the full term is very long and used often. Each
abbreviation should be spelled out and introduced in
parentheses the first timeit is used in the text. Only
recommended S| units should be used. Authors should
use the solidus presentation (mg/ ml). Standard
abbreviations (such as ATP and DNA) need not be
defined.

The Introduction should provide a clear statement of
the problem, the relevant literature on the subject, and
the proposed approach or solution. It should be
understandable to colleagues from a broad range of
scientific disciplines.

Materials and methods should be complete enough
to allow experimentsto be reproduced. However, only
truly new procedures should be described in detail;

previously published procedures should be cited,
and important modifications of published procedures
should be mentioned briefly. Capitalize trade namesand
include the manufacturer’s name and address.
Subheadings should be used. Methods in general use
need not be described in detail.

Results should be presented with clarity and precision.
The results should be written in the past tense when
describing findings in the authors experiments.
Previously published findings should be written in the
present tense. Results should be explained, but largely
without referring to the literature. Discussion,
specul ation and detail ed interpretation of data should
not be included in the Results but should be put into
the Discussion section.

The Discussion should interpret the findings in view
of theresultsobtained in thisand in past studies on this
topic. State the conclusions in a few sentences at the
end of the paper. The Results and Discussion sections
can include subheadings, and when appropriate, both
sections can be combined.

The Acknowledgments of people, grants, funds, etc
should be brief.

Tables should be kept to a minimum and be designed
to be as simple as possible. Tables are to be typed
double- spaced throughout, including headings and
footnotes. Each table should be on a separate page,
numbered consecutively in Arabic numeralsand supplied
with a heading and a legend. Tables should be self-
explanatory without reference to the text. The details
of the methods used in the experiments should
preferably be described inthe legend instead of in the
text. The same data should not be presented in both
table and graph form or repeated in the text.

Figurelegends should be typed in numerical order on
a separate sheet. Graphics should be prepared using
applications capable of generating high resolution GIF,
TIFF, JPEG or Powerpoint before pasting in the
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Microsoft Word manuscript file. Tables should be
prepared in Microsoft Word. Use Arabic numerals to
designate figures and upper-case letters for their parts
(Figure 1). Begin each legend with a title and include
sufficient description so that the figure isunderstandable
without reading the text of the manuscript. Information
given in legends should not be repeated in the text.

References, in the text, a reference identified by
means of an author‘s name should be followed by the
date of the reference in parentheses. When there are
more than two authors, only the first author's name
should be mentioned, followed by et al*. In the event
that an author cited has had two or more works
published during the same year, the reference, both in
the text and in the reference list, should be identified
by alower case letter like’a and b’ after the date to
distinguish the works.

Examples:

Abayomi (2000), Agindotan et al. (2003), (Kelebeni,
1983), (Usman and Smith, 1992), (Chege, 1998;
Chukwura, 1987a,b; Tijani, 1993,1995), (Kumasi et
al., 2001) References should be listed at the end of the
paper in al phabetical order. Articlesin preparation or
articles submitted for publication, unpublished
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