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Dear Friends,

Every quarter, as this journal takes shape on my desk, | am struck by how quickly the
boundaries of our discipline are being redrawn. Oils and fats were once discussed almost
entirely inthevocabulary of yield, refining loss, shelf lifeand price. Today the conversation
haswidened to include the gut microbiome, enzyme engineering, front-of-pack labelling
and the contest between the food plate and the fuel tank. Thisissueis, in many ways, a
map of that widening.

Our lead article on plant-based omega-3 deserves careful reading. The work reported
from Laval and Southampton suggeststhat stearidonic acid-rich oil doesmorethanraise
omega-3intake: it appearsto shift the gut microbiotatowardsalessinflammatory profile
and to prompt the bacteria themselves to manufacture endocannabinoid-like mediators.
For Indian formulators the implication is practical. Marine supply isfinite and its price
rising; astable plant-based source opens categories previously closed to us. It also places
afresh burden on our laboratories, since claims of thiskind must be underwritten by fatty
acid profiling and stability data, not by marketing enthusiasm.

The contribution from the Rio de Janeiro State University group is an equally welcome
addition. Acid oils, high in free fatty acids, have long been a nuisance stream for the
refiner and apoor substrate for alkaline catalysis. That soluble liquid lipases can esterify
and transesterify them in asingle step, near 30°C and with ethanol rather than methanol,
pointsto aroute that is cheaper, milder and fully renewable.

That optimism must be read alongside the trade news in these pages. With maize prices
lifted by the ethanol-blending programme while soybean trades bel ow its support price,
farmers are making an entirely rational choice, and acreage has slipped asaresult. India
already imports some sixty to sixty-five per cent of itsedible oil requirement. Theanswer,
to my mind, lies lessin prohibition than in raising oilseed productivity per hectare and
improving realisation from meal. Alongside this, the Romanian adoption of Nutri-Score
and the approach of the European deforestation regulation remind us that our industry is
now judged on provenance and presentation as much as on composition.

MCPD and glycidyl esters - a subject on which Indian refiners must build capability
beforeregulation, not after it. Readerswill also find thetables of important figures, health
news, anote on fennel seed essential oil and members' page interesting and informative.

Many thanks to our contributors, our advertisers and the editorial team. As always, |
invite membersto send in research notes and plant experiences; thisjournal is at its best
when it carries the voice of the shop floor as readily as that of the laboratory.

Warmregards,

Yourstruly
C.S. Joshi
Editor-in-chief
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Dear Readers,

A new technology known as | nfused Technol ogy in today'sworld has become very
vital to mankind. It revolutionizeslipid chemistry by converting water- insolubleand
fat- soluble nutrientsinto astable water- soluble system. For omega-3 fatty acidsfrom
plant based Ahiflower oil and Marine ails, this breakthrough overcomes low
bioavailahility, rapid oxidation and serve beverage formulation limits.

To produce bio-diesel now-a- days, enzymatic transesterification isused to synthesize
and modify fatty acid estersbecauselypase biocatalysts operate at mild temperatures,
handle high free fatty acid feedstocks without forming unwanted soaps, yield pure
products, and alow easy separation. Whileit'smain cost drawback isthe high price of
enzyme, it isbalanced by lower energy use, easy waste- feedstock conversion, gentle
operating condionsand use of immobilized enzymesfor reuse accrossmultiplebatches
(to reduce net expenses).

Onthetrade news, theimportant issuesare the globa market analysisof commodities
and their byeproducts, traders urge Government to ban use of maize and other food
itemsto make biofue so that farmers could stick to production of oilseedsand pul ses
for sdlf- sufficiency and avoidingimport from other countries; and high- oleic soybeans
are more beneficial than saturated fat products to dairy farmers because they find
growing market opportunities.

Onthehedth news, the preciseand highimpact issuesare (@) fat- absorbing microbeads
may promoteweight lossby increasing fat excretion, and (b) how omega-3 fatty acids
are different from omega-7 fatty acids. While omega-3 focuses more on heart and
brain health, whereas omega-7 has more benifitstowards skin, hair and eye health.
And eventualy both are supportiveto overall heath.

Essential oilsplay acritical roleinlipid technology as penetration enhancersfor the
activeingredients. Thisissueincludes Fennel seed essential oil which hasanti- aging
propertiesand it works effectively to deal with epidermisto strengthen, protect, re-
enerziseto makethe skin radiant glow.

Our member page speaks about hypertension; and nutrition based on an integrated
method which combines the approaches by targetting diet, stress, daily habitsand
medi cationstogether asper human vatta, pitta, kaphanaturefollowing Ayurveda.

Concluding, thisissuediscussesthelatest trendsand innovationsin thelipid research,
and trust our readerswill find theseinsightscompelling.

With heartiest regards,

Dr. S. Adhikari
Editor
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INFUSING A PLANT-BASED OMEGA-3PREBIOTICINTO
GUT-BRAINWELLNESSFORMULATIONS

Infusd’ stechnology enables morefood and beverage
productsto accessAhiflower’sbenefits, reports Greg
Cumberford, Vice President of Science and
Regulatory at Natures Crops I nternational

Canadian gut microbiome researchers at the
University of Lava haverecently discovered anovel
gut balancing effect that’s driven by omega-3 SDA-
richAhiflower oil’suniquefatty acid composition. The
researchers have recognised Ahiflower oil’s effects
inthe human gut as*“ aligning with the criteriaaccepted
to defineafood supplement asaprebiotic.”

They showed that Ahiflower oil shifts the gut
microbiome “catalogue” favourably to a less
inflammatory state, raising levels of beneficial
Bacteroides microbiotain asimulated human gut
model. They discovered anovel gut microbiome-
mediated mechanism for SDA (stearidonic acid) to
promote a beneficial gut “biofactory” for
commendamide, an endocannabinoid-like mediator
linked to calming gut inflammatory responses.

Thiswill create category and brand-differentiating
commercial opportunities for early adopters and
product formulators|ooking to grow beyond typical
EPA/DHA omega-3 ingredients — addressing
consumer gut-brain support needsin mood, sleep,
immune and cognitive performance segments.

Industry market research experts haveidentified gut-
brain wellness as being among the fastest-growing
categoriesin 2024 (+6—8% year-on-year). Using a
plant-based omega-rich oil also confers greater
oxidative stability and hel psto raise omega-3 intake
levels without the off-putting sensory challenges
typically associated with conventional EPA/DHA
Sources.

Asannounced in July 2024, the Halifax-based water-
solublelipidingredient innovator, Infusd Nutrition,

has pioneered afully clean-label process enabling
the water solubility of fat-soluble and insoluble
ingredientsat high payloadswith proven stability and
functionality. Infusd Nutrition’s patent-pending
100% natural plant-based oil solubility system also
offers more than twice the bioavailability of
conventiona emulsionsand morethan four timesthat
of straight omega-3 oils. Infusd’s already |ow-cost
solution dramatically improvesthe cost-per-serving
equation in food or beverage formulations.

Ahiflower oil brings*“ sense and sustainability” to a
wider range of food and beverage applications that
havetypically struggled to bear any omega-3 related
claims ... let alone the hormonal balancing and
procollagen synthesisbenefitsattained with Ahiflower
oil’somega-6 GL A content.

Gut Microbes as Biofactories

The gut microbiota is known to produce
endocannabinoid-like metabolites (such as
commendamide) that play a big role in energy
processing, inflammation and mood regulation;
however, these are not usually derived from
processing omega-3 polyunsaturated fatty acids
(PUFA). CBD and THC, for example, are strong
cannabinoids in and of themselves unrelated to
omega-3 fatty acids.

This study provided the first direct evidence to
demonstrate the capacity of human gut bacteriato
produce this class of compound from omega-3
PUFA. This happened specifically after exposureto
Ahiflower oil and was subsequently associated with
the SDA metabolite N-stearidonoyl-ethanolamine
(SDEA).

Thiswas done using anovel ex vivo fermentation
system (M-SHIME) that mimicslumen and mucosal
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gut microbia metabolism dynamics, composition and
productsin asimulated human ileum and ascending
colonin atime-dependent manner.

The noted effectsoccurred from faecal samplestaken
from four human donorsthat were then inocul ated
with 1200 mg/day of Ahiflower oil and fermented
for 14 daysafter a1-week control (CTRL) period.
The fermenting gut microbial composition and
metabolite changeswere grouped into week-1 (days
8-14) and week-2 (days 15-21) periodsfor analysis
(and further into two clusters[C1 and C2]).

Gut-brain Associations from Ahiflower
Oil

Ahiflower oil treatment generally upregulated
beneficial Bacteroides, Parabacteroides and
Phascolarctobacterium genera (with notable
probiotic properties) and, specifically, Akkermansia
municiphilain onecluster, while downregulating all
but one Clostridiataxa, Actinomycetiageneraand
Bifidobacterium.

TheAhiflower oil upregulated several taxanoted as
secondary probiotics, including Bifidobacterium.
(Clostridiadownregulation by fish oil hasbeen noted
in this same system and is a beneficial anti-
inflammatory Gl tract response.)

These changesaccount for and explain thesignificant
short-chainfatty acid (SCFA) increasein propionate
and decrease in acetate in both clusters, with the
propionate:butyrateratioincreasing greatly in C2 and
causing “an enhanced metabolic response.” The
significant elevation of the endocannabinoid mediator
commendamide occurred insyncwith Ahiflower oil’s
stimulation of Bacteroidesinthelumen of theileum
in both clusters.

Theauthorsobserved: “ Thisdietary supplement not
only exhibits prebiotic-like effects, but also fosters
the remarkable and previously understudied
capability of gut microbiotato biotransform dietary
fatty acids into bioactive endocannabinoid-like
mediators.”

Infusing a Plant-based omega-3
Prebiotic into Gut-brain Wellness
Formulations

Ahiflower oil stimulates the capacity of the gut
microbiometo produce SDEA, an endocannabinoid-
likemolecule, whichinturn activatesnuclear receptor
targets such as PPAR-alpha; this is known to
regul ate hepatic lipogenesisand, hence, reducelipid
accumulationintheliver.

Other N-arachidonoylethanolamines (NAES) —
including arachidonic, oleic, linoleic and palmitic acid
— are elevated in the stools of people with
Inflammatory bowel disease (IBD) and they grow
Proteobacteriaat the expense of Bacteroides.

However, thisstudy isthefirst to describe the actual
formation of potentially hepatoprotective SDEA by
gut microbiota. The authors concluded: “We
anticipate that the human ex vivo datapresented here
will pavetheway to futuredietary intervention studies
that explorethe potential therapeutic effectsof SDA-
containingoils.” “ Thiswill identify specific populations
that may experience the benefits of thisfatty acid or
Buglossoides arvensisoil, either directly or viathe
formation of SDEA and other endocannabinoid-like
metabolites.”

Interestingly, thisresearch supportsan earlier 2017
finding from the University of 1llinois’ Decision
Neuroscience Lab that measured the brain mass and
frontal parietal neocortex integrity of healthy seniors
using MRI scans.

Theresearchers asked which circulating omega-3
levels were most responsible for the highest-
performing executive function in these adults and
highest brainintegrity. They found that omega-3ALA/
SDA levels, not EPA/DHA levels, mediated the
highest-quintile outcomes.

Ahiflower il is the richest-available combined
ALA+SDA sourcewith atotal fat content of more
than 60%. The Laval research team’sfindings may
give more mechanistic insightsinto how Ahiflower
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SDA's prebiotic and gut inflammation calming
interactions are further translating to gut-brain axis
wellness outcomes.

Theroad (or calmer Gl tract) ahead

AsDavid Giffin, chemical engineer and cof ounder
of Infusd Nutrition hasnoted: “ Typical fishand algal
oils have been harder to use in water-based
beveragesowing toinclusion limitsand/or short shelf-
life constraints before sensory challenges setin.”
Think kombuchas, kefirs and other gut balancing
drinks, or healthy hydration/electrolyte balancing
sportsnutrition drinks.

Giffin noted: “Inamarket that hasseenrapidly rising
pricesfor omega-3ingredients, acarrier system that
enablesgreater bioavailability of theactiveingredient
in foods and beverages means that meeting daily
omega-3 intake goals can be achieved at
considerably lower costs.” Beverage and food
categories previously considered unreachable to
bring omega-3 wellness benefitswith supporting ALA
nutrient content claims are now open.

Coupling thesetwo disruptiveinnovations— Infusd’'s
game-changing water-solublelipidsddivery solutions

and plant-based Ahiflower oil’sunique prebiotic and
gut-brain support — the road for innovative
approachesiswide open.

The Skinny on the New Gut

Microbiome Findings

Ahiflower oil at 1.2 g/day in an inoculated human
gut lumen and mucosal microbiotaincubation model
favourably modul atesthe gut microbiomeby raising
Bacteroides and lowering Clostridia, significantly
raising SCFA propionate whilelowering acetate and
causing a novel discovered production of
endocannabinoid-like mediator commendamide.1
The authors stated: “ Our findings suggest amore
targeted and sel ectiveinfluence of Buglossoidesail,
aligning with the criteriaaccepted to defineafood
supplement asaprebiotic.”

Reference

C.Rouss, et al., “Human Gut Microbiotaand Their
Production of Endocannabinoid-Like Mediatorsare
Directly Affected by aDietary Qil,” J. Gut Microbes
16(1), 2335879 (2024).

Source: Nutraceutical Business Review
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TRADE NEWS

Voluntary Adoption of Nutri-Score
Approved in Romania

Summary

Romanian consumers will soon see Nutri-Score
front-of-pack labels on food packages, following
the government’s decision to adopt the system
after years of uncertainty. Nutri-Score rates the
healthiness of food products with a color and
letter system based on fat, sugar, salt, and calorie
content, and Romania joins other countries in
requiring producers to apply the label to all
products within a certain time frame.

By the end of the year, Romanian consumerswill
begin to notice a new front-of-pack label (FOPL)
on food packages availablefor saleinthe country.

The Romanian government announced the adoption
of Nuitri-Score after concluding a public consultation
on the new rules for introducing the FOPL.

The decision brings an end to years of
uncertainty about the country’s position on Nutri-
Score adoption.

SeeAlso:FranceAdoptsNutri-ScoreL abels

Nutri-Scoreisatraffic-light-stylefood |abel that uses
a combination of five coordinated colorsand letters
to rate the healthiness of a packaged food item based
onitsfat, sugar, salt, and calorie content per 100-
gramor milliliter serving. A "GreenA” indicatesthe
healthiest option, whilea” Red E” denotesthe least
hedlthy.

All Nutri-Score adopters in Romania will act
voluntarily. Still, asin other countries adopting Nutri-
Score, Romanian regulations require producerswho
choose to use Nutri-Score on one product to apply
it to all products under the same brand within 24 to
36 months, depending on the number of products.

Romanian food producers and retailers will be
required to follow the procedures and rules
established by Santé Publique France (the French

National Public Health Agency), including graphic
standards and usage protocols.

Thebest extravirgin oliveoils, ranked.
Olive Oil TimesWorld Ranking

Operatorswho fail to comply with therules (e.g.,
providingincorrect nutritional data, misusing thelogo)
may have their rights revoked, face audits or be
subject to sanctionsor legal action.

The rules harmonize the use of Nutri-Score across
all adopting countries. Alongside France and now
Romania, thelist includes Germany, Switzerland,
Belgium, Luxembourg, the Netherlands, Spain and
Portugal.

Recommended Opposed

France Ity

Begium Greece
Luxembourg Czech Republic
Netherlands Latvia
Germany Cyprus

Spain Hungary
Portugal

Switzerland

Romania

According to theinternational food product database
Open Food Facts, which contributed to the design
of the Nutri-Scorelabel, the FOPL now appearsin
thousands of supermarketsand retail chains.

In countrieswhere Nutri-Score hasnot been officialy
adopted such as Slovenia, Austria, and Ukraine some
producers and retailers have voluntarily begun
displaying it on part or al of their food packaging.

Whilethe number of adopting countries continuesto
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grow, Nutri-Score remains controversial in several
parts of Europe.

Government and indtitutional officialsinItaly, Greece,
Cyprus, the Czech Republic, Hungary, and Latvia
have repeatedly opposed Nutri-Score.

Despitesignificant differencesin how their concerns
are expressed, these countries share the belief that
Nutri-Score parameters penalize local
food specialties or productswidely recognized as
healthy when consumed in appropriate portions.

Oliveoil haslong been at the center of the heated
European FOPL debate.

Whilethe latest update to the Nutri-Score algorithm
raised all gradesof oliveoil toa”Light-green B,”
Nutri-Score founder Serge Hercberg has clarified
that oliveoil will never receive the highest rating due
toitstotal fat content.

As aresult of this debate, Spain has introduced
Nutri-Score, and at the sametime, it has exempted
oliveail producersand distributorsfromlabeling their
packaging with the FOPL.

After Nutri-Score was updated, several largefood
producers began distancing themselves from the
logo, starting with the French-based food
corporation Danone. Morerecently, the Swiss giant
Nestlé also announced its intention to drop the
label from some productsin Switzerland.

For afew years, Nutri-Score has been the front-
runner of an expected decision by the European
Commission on the introduction of a mandatory
FOPL acrossthe European Union. The processwas
stalled in Brussels as the issue was dropped as
alegidativepriority.

The new European Commission, which formed | ast
autumn, showed no intention to pursue a harmonized
FOPL.

The new Romanian decision will become effective
60/ days after its publication inthe country’sofficial
gazette.

Source: Olive Oil Times

Traders urge govt to ban use of food
items for production of biofuel

TheAll IndiaEdible Oil TradersFederation hasurged
the government to ban the use of food itemsfor the
purpose of production of biofuel. Recently, after the
government cut theimport duty on crude edibleoil,
the prices of edible oil have come down and
consequently the reports suggest, Indian farmersnow
prefer to grow maizeinstead of oil seedslike soybean,
cotton and groundnut for better remunerative prices.
India, the largest importer of edible oils, imports
about 60% to 65% of its domestic requirement.

As per reports, farmers are preferring to sow maize
instead of soybean (the former isused for ethanol
production) as despite of minimum support price
(MSP) of Rs 4,892 per quintal for soybean, prices
have crashed 10% to 20% since the start of the new
marketing year in October 2024.

Even ascooking oil pricesarerelatively higher than
last year, soybean prices have remained below the
M SP dueto lower realisation from soybean cake,
whichisalsoareason for farmersturning away from
oilseeds.

As of June 20, soybean acreage is 2% lower than
last year. This has prompted Agriculture Minister
Shivra) Singh Chouhan to connect with farmersin
key producing states—M adhya Pradesh, Rajasthan
and M aharashtra—and promiseto help themincrease
productivity, which has been stagnant for sometime.
Chouhan has promised farmers more research on
increasing productivity per hectare, genome editing
for improved seed varieties, new technology to
prevent root rot, and mechanisation dueto labour
shortage.

Itislearnt that the agri ministry hasalso proposed to
the petroleum ministry, which oversees ethanol
production, to limit maize sowing in sugarcane-
growing areas without compromising on acreage of
other cropslike soybean and pulses. Following the
government’s push to use maizefor biofuel, theall-
Indiaaverage pricesof maize haverisen from 14,000-
15,000 to 24,000-25,000 per tonnein the past four
years, mainly due to the government’s ethanol-
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blended petrol programme.

Shankar Thakkar, president of the Edible Oil Traders
Federation has said that the government has
implemented several schemesrelated to increasing
the production of oilseeds and pulses, but the prices
remain fluctuating, which has led the farmers to
increase the production of maizefetching them good
remunerative price.

“1f the government wants to make the country self-
sufficient in terms of pulses and oilseeds, then the
use of maize and other food items to make biof uel
will haveto be banned, only then farmerswill stick
to the production of oilseeds and pulsesand India
will be able to become self-sufficient, otherwise
every year the production of pulses and edible
oilseeds will keep decreasing and we will haveto
import from other countries,” rued Thakkar.

Source: FnBnews.com

Kazakhstan expected to continue
ramping up production of oilseeds

Kazakhstan has seen a shift from wheat and other
grainstowards greater oilseed production.

Kazakhstan’s oil seeds output isexpected to continue
increasing, according to a report by the US
Department of Agriculture (USDA). Over the last
fiveyears, Kazakhstan had undergone agradual but
strategic shift from wheat and other grainstowards
greater oilseed production, particularly sunflowers
in the north and eastern parts of the country, the 25
July report said.

This transition has been driven by economics,
weather and government policy, according to the
USDA ForeignAgricultural Network (FAS) ‘ Oilseed
Productionin Kazakhstan’ report. “ Favourableyields
and decent profit margins have motivated farmersto
plant more oilseeds.”

Average sunflower yields had increased steadily,
rising from 0.8M tonnes/hain 2014 to 1.5M tonnes/
hain 2024, while other oilseed crops—including
flaxseed, rapeseed and safflower —had an average
yield of 1.2M tonnes/halast year. “ Thisimprovement
reflectsthe adoption of higher-quality seed varieties
and better agronomic practices, particularly in
northern regions,” the USDA report said.

Meanwhile, grain productionin somelower-yielding
parts of the country had become less viable dueto
climate stressand soil degradation. Thefact that the
same harvesting machinery could be used in both
wheat and sunflower production was another key
factor intheincreased interest in sunflowers. “At the
sametime, sunflower production offersfarmersa
larger timewindow for planting and harvesting that
doesn’t directly competewith wheat and other cereal
production,” thereport said.

In addition to the economic and weather-related
factors spurring increased oilseed production, the
Kazakh government’s new agri-food strategy isalso
contributing to this expansion, according to the
report.

Thegovernment’sstrategy hasthree core priorities
aimed at: crop diversification; value-added
processing and an increase in value-added
agricultural exports. In support of this strategy, the
national oilseed producers association has set agoal
to expand oilseed cultivation to 4M haover the next
fiveyears (2025-29).

According to Kazakhstan’s official statistics, oilseed
planted area expanded from 2.8M hain 2020 to
over 3.3M ha in 2025/2026, with sunflower the
leading crop.

As part of the strategy to promote oilseed
production, the Kazakh government was also giving
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farmers a 22,000 tenge (about US$48/tonne)
subsidy when they delivered sunflowersto local
processors. The measure was financed through a
20% export duty on sunflower seeds — set at a
minimum of «100 (US$116)/tonne - that generated
9.6bn tenge (US$21M) initsfirst year.

Alongside ramping up production of sunflowersand
other oilseeds, the country was also investing in
downstream infrastructure to transform raw
production into high-val ue exports. Between 2024-
2025, the government allocated 18bn tenge
(approximately US$40M) to support the
construction and modernisation of oil processing
facilities. As a result of these investments,
Kazakhstan'srefining capacity morethan doubled —
from under 300,000 tonnesin 2021 to an estimated
600,000 tonnesin 2025.

In parallel totheincreasein capacity, total vegetable
oil production had beenincreasing for the past decade
from 180,000 tonnes in 2014/15 (September-
August) to over 560,000 tonnesin 2023/24. “ This
expansion in processing capacity aligns with the
government’sgoal of moving beyond raw commodity
exportstoward higher-value agricultural products,”
the USDA said.

According to Kazakhstan's official trade statistics,
exports of vegetable oilsand meal —mostly oil and
meal from sunflowers —increased from less than
200,000 tonnesin 2014/15 to arecord volume of
more than 1M tonnes MT in 2023/24. Export
earnings also surged, reaching arecord of nearly
US$580M in 2023/24.

In 2023/24, Uzbekistan was the largest export
destination for Kazakh vegetable oils and meals,
accounting for nearly 380,000 tonnesor alittiemore
than one-third of the total. The next largest
destinationswere China, Tgjikistan and Latvia.

Over thelast two years, rail shipments of sunflower
oil to Chinaincreased from 50-70 wagons/month to
over 300—-350/month due to the adoption of
containerised flexitanks and the modernisation of
unloading terminalsat Khorgos, according toindustry
sources. These improvements had significantly

boosted reliability and efficiency in oil exports. More
than 20 Kazakh processing plants were now
registered for export to China.

Five large oilseed processing plants with a total
capacity of 421,000 tonneswere being built inthe
country, the Ministry of Agriculture Aidarbek
Saparov was quoted as saying in a21 July APK-
Inform report. Saparov noted that sunflower oil
production increased by 15% in 2024, which was
twice domestic demand. In thefirst six months of
this year, production reached 388,000 tonnes —
21.3% more than in the same period last year. In
addition, 294,000 tonnes of sunflower oil were
exported between January and March — a 41%
increase compared to last year.

Source: Oils & Fats International

Burcon NutraScience begins selling
canola protein isolate

L '.-, . - (:!"..’; ;

has madeitsfirst commercial sale of Puratein C, a
canola protein isolate. Burcon’s proprietary
technology upcycles byproducts from solvent-free
canolaoilseed processing to extract theisolate, which
has* exceptional nutritional, functional and flavorful
properties,” according to the company.

Puratein C, extracted from non-GM O canola seeds
grown in North America, containsall nine essential
amino acids and delivers a protein digestibility-
corrected amino acid score (PDCAAS) of 1.0. It
hashigh solubility, alight cream color and amild flavor
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profile, according to Vancouver-based Burcon
NutraScience. Potential applicationsinclude baked
foods, dairy alternatives, ready-to-drink beverages,
meat anal ogues and sauces. Burcon NutraScience
also offers Peazazz, a pea protein isolate, and
recently began commercially producing FavaPro, a
favabean proteinisolate.

“The first sales of Puratein canola protein mark
another step in scaling Burcon’sinnovation into the
market,” said Kip Underwood, chief executive officer
of Burcon. “By leveraging our technology platform,
weare creating sustainable, high-quality proteinsthat
drive new opportunitiesfor customers and revenue
growth.”

Source: BackingBusiness.com

Dairy Feed Market Offers Stability for
High-Oleic Soybeans

High Oleic Soy

A field of Plenish, Pioneer’s line of high-oleic
soybeans.

In its short decade-plus existence, the high-oleic
soybean oil market has been rocky. Whilethat will
continue — both with highsand lows— the dairy
feed market could help stabilize demand for high-
oleic soybeans.

Today, about half of all high-oleic soybean acresare
going into dairy compared to around 5% five years
ago, said Roger Theisen, marketing manager for
Pioneer specialty crops, including the Plenish high-
oleic soybeanline. “Asl look into thefuture, | see
thismarket growing,” Theisen said.

Thiscomesafter plantings dropped from 1.1 million
acres to 800,000 acres from 2023 to 2024,
according to the United Soybean Board. “| seethat
asthenew low,” Theisen said. “1 seethe momentum
inthisdairy segment. | see some of the downstream
edible oil use market increasing, so | expect 2026 to
be amuch bigger high-oleic soybean market year.”

Theisen also said the decrease in acreage is not
associated with thedairy market. Inthe dairy-focused
Northeast, high-oleic soybean acreage has stayed
flat to slightly increased. Ever-growing interestin
feeding high-oleicisleading many dairy farmersto
grow the beans, said Jeff Swartz, director of nutrition
at Homestead Nutrition of Lancaster, Pennsylvania

It'snot anew fascination for dairy, but it’sbecome
easier to get high-oleic beans, Swartz said. With the
human edible oil market the original intent for
growers, it was hard for dairy farmersto get them
for feed. They're available for purchase today,
Swartz said, but it’s still more cost-effective for
producers to grow their own since the soybeans
carry apremium. Perdue, for example, isoffering a
premium of $0.75 per bushel for farmsthat harvest
and deliver, and $0.85 per bushel for beans stored
onfarmto meet itsoil crush facility needsin 2026,
Theisen said.

In 2012, when high-oleic soybeans became
commercially available, processors saw opportunity
inthe human edibleoil market, identifyingthemasa
healthier alternative dueto higher oleic acid levels.
While no foreign high-oleic soybean market has
devel oped, Theisen said other healthful oil substitutes
haveled to turbulence. These alternatives|eavethe
market open to disturbances from international
events.

For example, after adropoff fromtheinitial interest
in high-oleic soybean oil, the market improved again
in 2020, Theisen said, because of supply chain
interruptions affecting alternatives.

Likewise, the Russia-Ukrainewar halted production
of high-oleic sunflower oil from Ukraine, leading to
moreinterest in the soybean oil aternative. “I1t'sno
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different than the economicsinacommodity market,”
Theisen said. “When the economicsfavor one product
over another, you'll seefluctuations.”

Swartz explained that high-oleic soybeans are
beneficial to dairy farmers because they allow for
feeding moretotal fat whilebuyinginlessprotein.
“Something like an Energy Booster 100 would be
probably the closest thing to the beans,” Swartz said.
“That’s primarily stearic acid, which would be the
saturated product ... but that’s more of likea pure
fat-type product. That’snot going to havethe protein
init.”

Inadairy market increasingly driven by components,
being ableto increase fat in feed without worrying
about suppressing butterfat isimportant. And being
able to grow high-oleic soybeans with a stable
destinationisimportant for that bean industry. “This
momentuminthedairy marketisincredible,” Theisen
said.

Source: Lancaster Farming

Conditions remain ripe for palm oil
price volatility

Palm oil prices
cents perlb
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The global palm oil market is managing aslew of
conundrums. Whileit isthemost consumed vegetable
oil intheworld, it alsoisconsidered by somegroups
as “the world’s most hated crop” due to
environmental and labor concerns. It generatesire
and support from certain health-conscious groups,
asthe palm oil fruit offers both seed-oil and seed-
oil-freeextracts.

It alsoisoneof themost prolific cropsonthe planet,

but the advancing age of both the trees and its
workforce along with the shallow replanting efforts
in the top producing countries has cast a weak
outlook for a crop that provides 40% of all the
vegetable oil usedintheworld, while only using 6%
of theworld’s oilseed crop areato produceit.

Palm oil isoneof themost volatile commoditiesfrom
a market perspective. In the past year, it has
catapulted from being the least expensive vegetable
oil on the global market to the most expensive oil
and then back down to the least expensive.

Originating in West Africa, the oil palm tree was
cultivated in Southeast Asiain the early 20th century
by the British government which championed the ail
asasuitablereplacement for lessaccessbleand more
expensiveoilsliketallow and whale oil. Today, the
Southeast Asian countriesof Indonesiaand Malaysia
produce about 85% of theworld’'spalm oil supplies,
and its uses range from cooking oil to industrial
applications.

Food manufacturersaround theworld valuepamoil’s
versatility. When itisrefined, palm oil isodorless
and color-freeand hasaneutra flavor. I1tssemi-solid
texture at room temperature provides suppleness,
and it resists oxidation, which helpsextend shelf life.
Plus, it isheat stable, making it asuitable component
for awide array of food products.

Palm oil isnot the most consumed edible oil inthe
United States; that title belongsto soybean oil. But
it is a significantly used commodity, making up
approximately 50% of US grocery storeitems, from
frozen pizzastolipsticks.

The US Department of Agriculture in its recent
Oilseedsreport raised the projection for 2025-26
USimportsof palm oil by 12% to 1,850,000 tonnes
dueto increased food use. Some food companies,
hoping to capitalize on the current trend that vilifies
seed oils, have turned to palm oil asaviable and
Inexpensive replacement for soybean and canolaoils.
But it must be noted the fruit of the oil palm tree
producestwo typesof oil. Crude palm oil, whichis
produced by squeezing thefleshy fruit from the oil
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palmtree, is considered a seed-free oil. But palm
kernel oil, whichisproduced by extracting oil from
the seed of the samefruit, isclassified asaseed ail.
Plus, palm oil contains a significant amount of
saturated fat, which may contributeto heart disease.

Also chalenging for many global manufacturersisthe
environmental concerns about palm oil production.
Conservation groups have criticized palm oil
producersfor deforesting the habitats of endangered
animals like the orangutan and pygmy elephant.
Accusationsof child labor and slave-like conditions
also plague the commodity.

25August12_MI_PalmOilPrices (003).

In 2023, the European Union Commission adopted
aninitiative called the Regul ation on Deforestation-
free Products (EUDR) as part of its European Green
Deal platform, which prohibitsthe entry of products
on the EU market unlessthe procurer can provethe
products did not originate from nor contribute to
deforestation. The Commission plansto enforcethe
regulation on Dec. 30 for major operations and on
June 30, 2026, for smaller producers.

The deforestation regulations, however, may
inadvertently exacerbate the outlook for shrinking
palm oil production. Most trees in the major
producing areas are old and need to be replanted as
older trees do not produce as much fruit and
eventually grow too tall for farmersto access. But
new trees take several years before they produce
profitable fruits, which limits replanting, and
expanding crop areato plant new treeswhiletending
to the current crop is difficult under the EUDR
guidelines.

All these factors contribute to the volatility of the
palm oil market. Pricesjumped to two-year highsin
December 2024 on ideas adverse weather and
increased domestic usagein top-producing countries
may limit suppliesavailableto the global market,
according to data collected by Sosland Publishing
Co. Sincethen, palm oil hasreturned to itstypical
discount status to other global vegetable oils. But
theeventual enforcement of the EUDR and the recent
enactment of UStariffsmay continue to support a
volatile environment for thiswidely used commodity.

Source: Food Business News
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IMPORTANT FIGURES

Table 01: Soybeans: World Supply and Distribution

Thousand Metric Tons

2022/23 2023/24 2024/25 2025/26
Production
Brazil 162,000 154,500 172,500 180,000
United States 116,221 113,273 119,047 115,989
Argentina 25,000 48,210 51,108 50,000
China 20,284 20,840 20,650 20,900
India 12,411 11,875 12,882 11,027
Paraguay 10,250 11,000 10,200 12,100
Russia 5,996 6,800 7,050 9,000
Other 26,048 29,950 34,609 30,445
Total 378,210 396,448 428,046 429,461
Imports
China 104,500 112,000 108,000 113,000
European Union 13,127 13,550 14,710 13,800
Mexico 6,451 6,457 6,434 6,700
Argentina 9,059 7,787 6,324 7,050
Egypt 1,993 3,321 4,543 4,600
Turkey 2,888 3,252 4,183 4,000
Thailand 3,238 3,428 4,190 4,200
Vietnam 1,858 2,265 2,609 3,050
Pakistan 571 997 1,939 3,000
Japan 3,332 3,099 3,243 3,100
Other 21,485 22,343 22,971 23,842
Total 168,502 178,499 179,146 186,342
Exports
Brazil 95,504 104,170 103,142 115,000
United States 53,864 46,350 51,495 41,368
Paraguay 6,495 7,987 6,405 8,200
Argentina 4,185 5,114 7,874 9,000
Canada 4,240 4,861 5,551 5,300
Other 7,470 9,364 9,863 8,210
Total 171,758 177,846 184,330 187,078
Crush
China 96,000 99,000 103,500 109,000
United States 60,199 62,196 66,546 72,121
Brazil 53,409 54,405 58,162 61,500
Argentina 30,341 36,583 43,236 42,000
European Union 14,300 14,500 15,400 14,800
India 10,300 11,300 11,300 9,775
Mexico 6,650 6,530 6,650 6,850
Russia 5,400 5,900 6,225 6,600
Egypt 2,200 3,250 4,500 4,600
Paraguay 3,450 3,000 3,700 3,600
Pakistan 650 950 1,800 2,900
Bolivia 3,300 2,600 3,225 3,100
Turkey 1,700 2,300 2,850 2,800
Thailand 2,100 2,400 2,700 3,000
Ukraine 1,500 1,800 2,800 2,900
Other 24,268 24,531 26,542 26,940
Total 315,767 331,245 359,136 372,486
EndingStocks
China 32,341 43,311 44,489 44,369
Brazil 36,819 29,761 37,688 37,688
Argentina 16,999 24,049 24,671 23,821
United States 7,190 9,319 8,840 8,978
European Union 1,262 1,300 1,568 1,552
Other 7,230 7,359 8,677 8,917
Total 101,841 115,099 125,933 125,325

Source: Foreign Agricultural Service/USDA Global Market Analysis
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Table 02: Soybean Meal: World Supply and Distribution
Thousand Metric Tons

2022/23 2023/24 2024/25 2025/26
Production
China 76,032 78,408 81,972 86,328
United States 47,621 49,084 53,019 57,186
Brazil 41,488 41,859 44,383 47,478
Argentina 23,666 28,352 33,508 32,340
European Union 11,297 11,455 12,166 11,692
India 8,240 9,040 9,040 7,820
Mexico 5,255 5,159 5,255 5,411
Other 34,786 36,502 42,391 44,176
Total 248,385 259,859 281,734 292,431
Imports
European Union 15,997 16,564 20,609 19,600
Vietnam 4,724 6,033 5,703 6,550
Indonesia 5,434 5,055 6,179 6,400
Philippines 2,824 2,967 3,189 3,300
Thailand 3,141 2,770 2,939 3,000
Mexico 1,670 1,937 2,345 2,700
Iran 1,185 2,985 2,805 2,600
United Kingdom 1,762 1,976 2,529 2,500
Colombia 1,603 1,585 2,030 2,350
Ecuador 1,771 1,891 2,100 2,200
Other 23.200 25,836 27,261 29,641
Total 63,311 69,599 77,689 80,841
Exports
Argentina 20,764 24.891 29,780 29,000
Brazil 21,334 22,722 23,390 25,000
United States 13,196 14,564 16,396 18,416
Bolivia 2,155 1,546 2,006 2,000
Paraguay 1,992 1,683 2,176 2,000
Other 7,625 8,817 9,114 8,200
Total 67,066 74,223 82.862 84,616
Domestic Consumption
China 75,050 77,150 80,850 85,150
United States 34,946 35,068 37,405 39,485
European Union 26,642 27,042 31,242 30,942
Brazil 20,000 20,000 20,500 21,800
Vietnam 5,785 6,640 7,295 8,095
Mexico 6,930 7,080 7,450 8,090
India 6,625 7,075 7,185 7,130
Indonesia 5,580 5,200 5,900 6,350
Thailand 4,750 4,575 4,800 5,150
Egypt 2,700 3,000 3,800 4,050
Iran 3,550 4,810 5,100 4,700
Russia 3,650 3,900 4,100 4,300
Argentina 3,450 3,500 3,525 3,600
Japan 3,550 3,521 3,505 3,465
Philippines 2,930 3,000 3,220 3,330
Other 40,899 43,533 47.054 51,633
Total 247,037 255,094 272,931 287,270
EndingStocks
Brazil 3,817 2,972 3,470 4,158
Argentina 2,297 2,259 2,741 2,731
European Union 510 836 1,717 1,467
China 937 794 943 1,271
Turkey 422 466 572 645
Other 6,190 6,987 8,501 9,058
Total 14,173 14,314 17,944 19,330

Source: Foreign Agricultural Service/USDA Global Market Analysis
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Table 3: Soybean Qil: World Supply and Distribution

Thousand Metric Tons

2022/23 2023/24 2024/25 2025/26
Production
China 18,240 18,810 20,100 21,168
United States 11,897 12,289 13,253 13,996
Brazil 10,580 11,055 11,842 12,540
Argentina 5,995 7,251 8,626 8,379
European Union 2,717 2,755 2,926 2,812
India 1,854 2,034 2,034 1,760
Mexico 1,227 1,205 1,227 1,264
Other 8,215 8,610 10,052 10,439
Total 60,725 64,009 70,060 72,358
Imports
India 3,968 3,308 5,471 4,650
Canada 147 573 637 900
Bangladesh 703 649 943 600
Morocco 514 488 626 650
European Union 641 592 757 650
Peru 535 560 612 590
Korea, South 353 447 482 450
Algeria 490 485 564 450
Colombia 242 317 384 375
China 365 381 296 300
Other 3,019 2,733 3,525 3,533
Total 10,977 10,533 14,297 13,148
Exports
Argentina 4,137 5,533 7,099 6,450
Brazil 2,687 1,352 1,487 1,600
China 111 104 318 900
European Union 915 659 708 850
Russia 750 760 750 700
Paraguay 523 497 621 600
Ukraine 277 345 523 530
Other 2,342 2,562 3,740 2,859
Total 11,742 11,812 15,246 14,489
Domestic Consumption
China 17,900 18,900 20,500 20,500
United States 12,070 12,317 12,207 13,651
Brazil 8,300 10,200 10,410 11,050
India 5,400 5,175 6,645 6,590
European Union 2,405 2,630 3,005 2,705
Argentina 1,660 1,770 1,980 1,980
Mexico 1,305 1,270 1,310 1,390
Bangladesh 975 1,010 1,200 1,100
Canada 320 685 750 1,060
Egypt 560 510 730 870
Algeria 750 765 780 820
Pakistan 360 285 620 650
Korea, South 565 600 650 645
Morocco 510 505 600 630
Peru 540 550 585 595
Other 5,795 5,724 6,352 6,932
Total 59,415 62,896 68,324 71,168
Ending Stocks
India 597 748 1,581 1,381
China 981 1,168 746 814
United States 729 703 792 833
European Union 601 659 629 536
Brazil 594 177 207 197
Other 2,347 2,228 2,515 2,558
Total 5,849 5,683 6,470 6,319

Source: Foreign Agricultural Service/USDA Global Market Analysis
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Table 04: Soybeans and Products: World Trade

Million Metric Ton
Marketing Meal, Soybean Oil, Soybean Oilseed, Soybean
Year 2024/25 | 2025/26 | 2024/25 | 2025/26 | 2024/25 | 2025/26
Exports
North America 16,709 18,747 1,289 609 57,046 46,678
South America 57,356 58,007 9,830 9,215 121,070 134,602
South Asia 1,804 890 32 27 12 20
India (Oct-Sep) 1,781 850 27 20 12 20
Other 6,993 6,972 4,095 4,638 6,202 5,778
World Total 82,862 84,616 15,246 14,489 184,330 187,078
Imports
European Union (Oct-Sep) 20,609 19,600 757 650 14,710 13,800
East Asia 3,425 3,615 933 897 115,144 120,065
China (Oct-Sep) 45 150 296 300 108,000 113,000
Japan (Oct-Sep) 1,621 1,700 1 2 3,243 3,100
Korea, South (Oct-Sep) 1,725 1,725 482 450 1,128 1,160
Taiwan (Oct-Sep) 34 40 0 0 2,768 2,800
Southeast Asia 19,910 21,210 293 267 10,128 10,850
Indonesia (Oct-Sep) 6,179 6,400 34 37 2,439 2,750
Malaysia (Oct-Sep) 1,426 1,400 92 95 727 670
Philippines (Jan-Dec) 3,189 3,300 60 60 136 150
Thailand (Sep-Aug) 2,939 3,000 0 0 4,190 4,200
Vietnam (Jan-Dec) 5,703 6,550 90 60 2,609 3,050
North America 4,525 4912 974 1,250 7,490 7,690
Canada (Aug-Jul) 1,448 1,450 637 900 250 310
United States (Oct-Sep) 732 762 164 150 806 680
Canada (Aug-Jul) 1,448 1,450 637 900 250 310
Mexico (Sep-Aug) 2,345 2,700 173 200 6,434 6,700
South America 8,464 9,310 1,780 1,708 8,017 9,020
Argentina (Oct-Sep) 279 250 107 120 6,324 7,050
Brazil (Oct-Sep) 5 10 85 100 731 900
Paraguay (Jan-Dec) 0 0 3 1 4 20
Brazil (Oct-Sep) 5 10 85 100 731 900
Colombia (Oct-Sep) 2,030 2,350 384 375 561 530
Central America 2,056 2,275 218 230 320 330
Caribbean 801 1,064 295 311 17 40
Middle East 8,194 8,395 238 318 9,069 7,696
Iran (Oct-Sep) 2,805 2,600 26 150 2,693 2,150
Israel (Oct-Sep) 311 320 2 2 266 320
Syria (Jan-Dec) 252 200 7 2 1 1
Turkey (Oct-Sep) 1,350 1,950 0 0 4,183 4,000
North Africa 2,222 1,940 1,286 1,395 6,710 7,480
Egypt (Oct-Sep) 395 450 50 250 4,543 4,600
Other Europe 3,151 3,115 201 236 1,757 1,745
United Kingdom (Oct-Sep) 2,529 2,500 190 225 1,079 950
Other 4,332 5,405 7,322 5,886 5,784 7,626
World Total 77,689 80,841 14,297 13,148 179,146 186,342
Source: Foreign Agricultural Service/lUSDA Global Market Analysis
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Table 05: Palm Oil: World Supply and Distribution

Thousand Metric Tons

2022/23 2023/24 2024/25 2025/26
Production
Indonesia 45,000 43,000 45,500 46,700
Malaysia 18,389 19,710 19,380 20,200
Thailand 3,321 3,274 3,740 3,900
Colombia 1,853 1,875 1,900 2,000
Nigeria 1,400 1,500 1,500 1,500
Other 6,795 6,816 6,918 7,161
Total 76,758 76,175 78,938 81,461
Imports
India 10,045 8,886 7,786 9,050
China 6,190 4,377 3,203 4,175
Pakistan 3,094 2,980 3,325 3,650
European Union 4,576 4,013 3,135 3,500
UnitedStates 1,887 1,864 1,542 1,450
Bangladesh 1,610 1,676 1,540 1,600
Philippines 892 1,083 1,406 1,250
Egypt 1,052 1,171 1,301 1,400
Vietnam 1,112 1,071 1,076 1,150
Kenya 848 875 811 900
Other 15,335 14,363 16,234 15,139
Total 46,641 42,359 41,359 43,264
Exports
Indonesia 28,077 22,273 23,471 23,700
Malaysia 15,355 16,530 15,617 16,350
Thailand 902 878 1,302 1,000
Papua New Guinea 813 669 740 830
Guatemala 883 620 566 650
Other 3,337 3,440 3,322 3,222
Total 49,367 44,410 45,018 45,752
Domestic Consumption
Indonesia 19,125 21,075 22,375 22,925
India 8,900 8,990 8,800 9,105
Malaysia 3,975 3,667 4,165 4,235
China 5,400 5,000 3,300 4,125
Pakistan 2,995 3,070 3,250 3,600
European Union 4,500 3,890 3,200 3,350
Thailand 2,485 2,485 2,445 2,735
Nigeria 1,790 1,840 1,940 1,940
United States 1,875 1,894 1,525 1,422
Bangladesh 1,600 1,575 1,540 1,650
Colombia 1,500 1,555 1,530 1,615
Philippines 1,000 1,040 1,485 1,390
Egypt 1,060 1,160 1,250 1,365
Vietnam 1,037 1,007 1,040 1,100
Brazil 825 920 950 990
Other 15,776 15,936 17,447 16,926
Total 73,843 75,104 76,242 78,473
Ending Stocks
Indonesia 5,108 4,761 4416 4,491
Malaysia 2,312 2,014 2,360 2,475
India 2,419 2,615 1,898 2,098
Colombia 856 842 717 752
Thailand 499 412 409 576
Other 5,800 5,370 5,251 5,159
Total 16,994 16,014 15,051 15,551

Source: Foreign Agricultural Service/USDA Global Market Analysis

LIPID UNIVERSE

21

Volume-13, Issue-3 (July- September, 2025)




Table 06: Rapeseed and Products: World Supply and Distribution
Thousand Metric Tons

Marketing Meal, Rapeseed Oil, Rapeseed Oilseed, Rapeseed
Year 2024/25 | 2025/26 |2024/25 |2025/26 |2024/25 |2025/26
Production
China (Oct-Sep) 11,861 11,448 7,839 7,566 15,800 16,000
India (Oct-Sep) 6,189 6,399 3,956 4,090 11,520 12,000
Canada (Aug-Jul) 6,710 7,230 4,821 5,300 19,239 22,000
Japan (Oct-Sep) 1,231 1,338 884 984 3 3
European Union (Jul-Jun) 13,509 14,478 9,954 10,668 17,073 20,522
Other 9,795 10,941 6,827 7,660 22,650 25,042
World Total 49,295 51,834 34,281 36,268 86,285 95,567
Imports
China (Oct-Sep) 2,810 2,700 2,171 2,150 4,600 3,600
India (Oct-Sep) 21 5 26 40 0 0
Canada (Aug-Jul) 1 10 16 20 131 150
Japan (Oct-Sep) 4 6 23 15 2,138 2,400
European Union (Jul-Jun) 420 900 295 650 7,964 6,500
Other 6,889 7,576 4,548 4,928 5,165 5,424
World Total 10,145 11,197 7,079 7,803 19,998 18,074
Exports
China (Oct-Sep) 32 350 19 90 0 0
India (Oct-Sep) 1,870 1,500 13 10 0 0
Canada (Aug-Jul) 5,855 5,950 3,327 3,550 9,387 8,200
Japan (Oct-Sep) 8 0 5 5 0 0
European Union (Jul-Jun) 880 1,000 585 600 382 650
Other 2,065 2,634 3,192 3,730 10,054 9,688
World Total 10,710 11,434 7,141 7,985 19,823 18,538
Domestic Consumption
China (Oct-Sep) 14,639 13,798 10,350 9,850 20,925 20,225
India (Oct-Sep) 4,360 4,900 4,005 4,080 11,550 11,975
Canada (Aug-Jul) 870 1,270 1,330 1,710 11,673 13,000
Japan (Oct-Sep) 1,221 1,345 895 990 2,134 2,375
EuropeanUnion (Jul-Jun) 13,100 14,300 9,700 10,500 24,350 26,200
Other 14,609 15,809 8,100 8,751 17,832 19,722
World Total 48,799 51,422 34,380 35,881 88,464 93,497
Ending Stocks
China (Oct-Sep) 0 0 1,250 1,026 4,259 3,634
India (Oct-Sep) 204 208 357 397 539 564
Canada (Aug-Jul) 154 174 730 790 1,476 2,426
Japan (Oct-Sep) 89 88 37 41 194 222
European Union (Jul-Jun) 351 429 273 491 2,243 2,415
Other 628 702 649 756 1,230 2,286
World Total 1,426 1,601 3,296 3,501 9,941 11,547

Source: Foreign Agricultural Service/USDA Global Market Analysis
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Table 07: Sunflowerseed and Products: World Supply and Distribution

Thousand Metric Tons

Marketing | Oilseed, Sunflowerseed Meal, Sunflowerseed Qil, Sunflowerseed
Year 2024/25 2025/26 2024/25 2025/26 2024/25 2025/26
Production
Argentina (Mar-Feb) 5,592 7,400 2,145 2,536 2,120 2,521
Russia (Sep-Aug) 16,900 17,500 6,698 6,862 6,732 6,897
Turkey (Sep-Aug) 1,350 1,250 995 1,306 795 1,044
Ukraine (Sep-Aug) 13,000 11,000 5,080 4,543 5,290 4,730
European Union (Oct-Sep) 8,645 8,655 4,108 4,066 3,212 3,170
Other 7,528 9,477 2,382 2,944 2,261 2,761
World Total 53,015 55,282 21,408 22,257 20,410 21,123
Imports
Argentina (Mar-Feb) 1 10 0 0 0 0
Russia (Sep-Aug) 80 70 5 5 1 1
Turkey (Sep-Aug) 789 1,550 1,042 900 1,236 1,300
Ukraine (Sep-Aug) 22 30 1 10 1 0
European Union (Oct-Sep) 582 1,200 2,567 2,600 2,411 2,475
Other 1,135 1,210 4,130 4,656 8,358 7,967
World Total 2,609 4,070 7,745 8,171 12,007 11,743
Exports
Argentina (Mar-Feb) 626 850 1,657 1,900 1,686 1,925
Russia (Sep-Aug) 200 300 2,400 2,300 4,200 4,200
Turkey (Sep-Aug) 174 125 53 65 1,001 900
Ukraine (Sep-Aug) 68 35 3,418 2,900 4,744 4,375
European Union (Oct-Sep) 824 1,200 479 500 691 650
Other 1,480 1,806 758 1,092 1,339 1,621
World Total 3,372 4316 8,765 8,757 13,661 13,671
Domestic Consumption
Argentina (Mar-Feb) 5,230 6,375 500 600 562 562
Russia (Sep-Aug) 16,800 17,220 4,300 4,500 2,575 2,575
Turkey (Sep-Aug) 2,027 2,602 2,000 2,100 1,090 1,415
Ukraine (Sep-Aug) 12,825 11,150 1,800 1,750 440 455
European Union (Oct-Sep) 8,630 8,565 6,260 6,160 5,213 5,013
Other 7,396 8,793 5,729 6,526 9,222 9,304
World Total 52,908 54,705 20,589 21,636 19,102 19,324
Ending Stocks
Argentina (Mar-Feb) 558 743 194 230 116 150
Russia (Sep-Aug) 697 747 410 477 195 318
Turkey (Sep-Aug) 80 153 171 212 109 138
Ukraine (Sep-Aug) 305 150 429 332 241 141
European Union (Oct-Sep) 340 430 393 399 418 400
Other 563 651 332 314 1,467 1,270
World Total 2,543 2,874 1,929 1,964 2,546 2,417
Source: Foreign Agricultural Service/USDA Global Market Analysis
LIPID UNIVERSE 23 Volume-13, I ssue-3 (July- September, 2025)




Table 08 Minor Vegetable Oils: World Supply and Distribution

Thousand Metric Tons
Marketing Oil, Peanut Oil, Cottonseed Oil, Olive
Year 2024/25 | 2025/26 | 2024/25 | 2025/26 | 2024/25 | 2025/26
Production
China (Oct-Sep) 3,104 3,104 1,164 1,164 9 10
India (Oct-Sep) 1,256 1,323 1,311 1,297 nr nr
Turkey (Nov-Oct) 7 7 235 185 410 210
United States (Aug-Jul) 106 130 131 125 16 14
EuropeanU nion (Oct-Sep) 13 13 29 24 2,112 2,092
Other 1,822 1,728 1,843 1,915 786 952
World Total 6,308 6,305 4,713 4,710 3,333 3,278
Imports
China (Oct-Sep) 347 250 0 0 40 45
India (Oct-Sep) 0 0 1 5 nr nr
Turkey (Nov-Oct) 0 0 3 3 30 30
United States (Aug-Jul) 46 16 1 2 446 425
European Union (Oct-Sep) 47 60 2 10 202 250
Other 33 40 58 71 518 519
World Total 473 366 65 91 1,236 1,269
Exports
China (Oct-Sep) 11 10 8 15 0 0
India (Oct-Sep) 233 100 0 nr nr
Turkey (Nov-Oct) 0 2 2 79 60
United States (Aug-Jul) 6 5 20 23 8 10
European Union (Oct-Sep) 6 6 1 1 847 800
Other 330 314 26 33 420 529
World Total 586 435 57 74 1,354 1,399
Domestic Consumption
China (Oct-Sep) 3,440 3,344 1,156 1,149 49 55
India (Oct-Sep) 1,010 1,180 1,330 1,305 nr nr
Turkey (Nov-Oct) 7 7 235 185 400 200
United tates (Aug-Jul) 143 141 116 102 454 429
European Union (Oct-Sep) 54 67 30 33 1,395 1,470
Other 1,499 1,468 1,864 1,949 839 886
World Total 6,153 6,207 4,731 4,723 3,137 3,040
Ending Stocks
China (Oct-Sep) 0 0 0 0 0 0
India (Oct-Sep) 200 243 28 25 nr nr
Turkey (Nov-Oct) 0 0 14 15 60 40
United States (Aug-Jul) 11 11 16 18 0 0
European Union (Oct-Sep) 4 4 0 0 254 326
Other 156 142 120 124 185 241
World Total 371 400 178 182 499 607
Source: Foreign Agricultural Service/USDA Global Market Analysis
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Table 09: China Oilseeds and Products Supply and Distribution

Thousand Metric Tons

2022/23 2023/24 2024/25 2025/26
Production
Oilseed, Peanut 18,330 19,231 19,000 18,400
Oilseed, Rapeseed 16,317 15,800 15,800 16,000
Oilseed, Soybean 20,284 20,840 20,650 20,900
Oilseed, Sunflowerseed 1,741 1,983 1,750 2,200
Other 10,196 9,069 10,611 11,871
Total 66,868 66,923 67,811 69,371
Imports
Oilseed, Peanut 940 774 448 700
Oilseed, Rapeseed 5,335 5,486 4,600 3,600
Oilseed, Soybean 104,500 112,000 108,000 113,000
Oilseed, Sunflowerseed 266 183 132 125
Other 665 690 332 350
Total 111,706 119,133 113,512 117,775
Domestic Consumption
Meal, Peanut 4,005 3,973 3,885 3,978
Meal, Rapeseed 13,512 14,519 14,639 13,798
Meal, Soybean 75,050 77,150 80,850 85,150
Other 10,472 10,678 9,249 10,469
Total 103,039 106,320 108,623 113,395
SME
Meal, Peanut 4,502 4,466 4367 4,471
Meal, Rapeseed 9,276 9,992 10,074 9,476
Meal, Soybean 73,900 76,000 79,700 84,000
Other 8,435 8,936 8,147 8,886
Total 96,112 99,394 102,288 106,833
Food Use Dom. Cons.
Oil, Palm 3,100 2,800 1,800 2,625
Oil, Peanut 3,418 3,373 3,440 3,344
Oil, Rapeseed 8,800 9,700 10,350 9,850
Oil, Soybean 17,900 18,900 20,500 20,500
Oil, Sunflowerseed 1,803 1,419 717 827
Other 1,387 1,369 1,367 1,404
Total 36,408 37,561 38,174 38,550
Domestic Consumption
Oil, Palm 5,400 5,000 3,300 4,125
Oil, Peanut 3418 3,373 3,440 3,344
Oil, Rapeseed 8,800 9,700 10,350 9,850
Oil, Soybean 17,900 18,900 20,500 20,500
Oil, Sunflowerseed 1,803 1,419 717 827
Other 2,134 2,051 2,121 2,154
Total 39,455 40,443 40,428 40,800
Imports
Oil, Palm 6,190 4,377 3,203 4,175
Qil, Peanut 292 247 347 250
Oil, Rapeseed 1,978 2,039 2,171 2,150
Oil, Soybean 365 381 296 300
Qil, Sunflowerseed 1,555 1,207 532 600
Other 967 884 956 995
Total 11,347 9,135 7,505 8,470

Source: Foreign Agricultural Service/lUSDA Global Market Analysis
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Table 10: India Oilseeds and Products Supply and Distribution

Thousand Metric Tons

2022/23 2023/24 2024/25 2025/26
Production
Oilseed, Cottonseed 11,166 10,783 10,189 10,104
Oilseed, Peanut 6,300 6,000 7,100 7,500
Oilseed, Rapeseed 11,200 11,600 11,520 12,000
Oilseed, Soybean 12,411 11,875 12,882 11,027
Oilseed, Sunflowerseed 215 112 113 113
Other 1,022 1,021 1,021 1,021
Total 42314 41,391 42,825 41,765
Domestic Consumption
Meal, Cottonseed 4,443 4,409 4,329 4,222
Meal, Rapeseed 4,350 4,600 4,360 4,900
Meal, Soybean 6,625 7,075 7,185 7,130
Other 2,176 2,069 2,146 2,198
Total 17,594 18,153 18,020 18,450
SME
Meal, Cottonseed 3,600 3,573 3,508 3,421
Meal, Rapeseed 3,095 3,273 3,102 3,486
Meal, Soybean 6,225 6,625 6,710 6,700
Other 2,021 1,903 2,015 2,086
Total 14,941 15,373 15,335 15,693
Food Use Dom. Cons.
Oil, Cottonseed 1,315 1,290 1,285 1,265
Oil, Palm 8,300 8,340 8,150 8,455
Qil, Peanut 1,050 995 1,000 1,170
Oil, Rapeseed 3,600 3,900 3,925 4,000
Oil, Soybean 5,400 5,175 6,645 6,590
Oil, Sunflowerseed 2,750 3,525 2,900 3,050
Other 400 410 395 405
Total 22815 23,635 24,300 24,935
Domestic Consumption
Oil, Cottonseed 1,361 1,345 1,330 1,305
Oil, Palm 8,900 8,990 8,800 9,105
Qil, Peanut 1,060 1,005 1,010 1,180
Oil, Rapeseed 3,680 3,980 4,005 4,080
Oil, Soybean 5,400 5,175 6,645 6,590
Oil, Sunflowerseed 2,750 3,525 2,900 3,050
Other 710 730 695 735
Total 23,861 24,750 25,385 26,045
Imports
Oil, Cottonseed 1 0 1 5
Oil, Palm 10,045 8,886 7,786 9,050
Oil, Peanut 0 0 0 0
Oil, Rapeseed 6 6 26 40
Oil, Soybean 3,968 3,308 5,471 4,650
Oil, Sunflowerseed 2,988 3,516 2,905 3,050
Other 111 131 98 145
Total 17,119 15,847 16,287 16,940

Source: Foreign Agricultural Service/USDA Global Market Analysis
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ABSTRACT

Acidoilsrepresent alow-cost feedstock for biodiesdl
gynthess. Theaim of thiswork wasto study asingle-
step enzymatic esterification and transesterification
processfor fatty acid ethyl esters(FAEES) production
employing acid oils, ethanol, and liquid lipase
formulation. The effects of lipase source (CALB,
Palatase 20000L, Lipolase 100L, and CalleraTrans
L), tem perature and enzymeratio werestudied in
the transesterification of refined soybean oil with
ethanol. The highest yield esterscontent (97%) was
obtained at 30 C with 10% vol/vol of Lipolase 100L.
Theethanolysisof acid soybean oil, using soybean
oilswithdifferent acid contents (acid vaue (AV): 8.5,
50, and 90), wasinvestigated using 10% vol/vol of
lipaseat 30 C. Thehighest esterscontent (71%) was
obtained employing acid oil withAV 50 and P atase
20,000L. The results showed the significant
performanceof solublelipasesintransesterification
reactionsof acid oilsaiming for FAEEssynthes's.

KEYWORDS: Acid oil; eterification; ethanal;
fatty acid ethyl esters; liquid formulation lipase;
transesterification

I ntroduction

Biodiesd isamixtureof monoakyl estersderived from
long chain fatty acids, obtained from renewable sources
that can beused asandterna-tivetodiesd fue (Atabani
et al., 2014; Aghbashlo et al., 2016; Hossel npour et
al., 2016). Thishio-fuel can be synthesized from the
transesterifica-tion of triglycerides(TG) with short chain
alcoholsor esterification of fatty acids. Ethanol and
methanol are used morefrequently, particu-larly the

latter sinceit hasalower cost. However, methanol is
moretoxic, anditisspecially pro-duced from afossil
fuel derived from anonre-newable source(Tanetal.,
2010; Poppeet a., 2015). The use of ethanol in the
biodiesd synthe-asmakesthe obtained fuel completely
renewable, sncethisa cohol isobtainedin Brazil mainly
by the fermentation of sugarcane (Stamenkovicetd.,
2011).

The conventional processof biodiesel produc-tionis
based on the transesterification of animal fat and
vegetableoilsthat haveto berefined with

alcohols employing basic catalysts as alkoxides,
carbonates, potassium, or sodium hydroxides (Hama
and Kondo, 2013; Guldheet a., 2014; Cesarini et al .,
2015). Highyieldsare obtained at short reaction times.
However, the negative aspects of the processareits
catalyst and product recovery, wastewater treatment,
and theindis-pensable use of refined oils, known as
first gener-ation biodiesel feedstock, which are
expensve, increasing process costs (Jegannathanet dl.,
2010; Hama and Kondo, 2013; Christopher et al.,
2014, Guldheetd., 2014, Pedersenet al., 2014).

Theuse of cheaper raw materialssuch asanimal fats,
waste oils (waste cooking oil), and non-edible oils,
known asasecond-generation biodiesel feed-stock, is
alow-cost option, although it has some drawbacks as
the high content of freefatty acids (FFAS). Themain
disadvantage of the process cata-lyzed by alkali isits
senshility toward FFA inail sthat |ead to sogp formation
during thetransesteri-fication process (Christopher et
al., 2014).

These disadvantages can be overtaken with an
alternative route based on the enzymatic biodiesel
synthesis using lipases (EC 3.1.1.3, triacylglycerol
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hydrolases). Those enzymes can catalyze transes-
terification of TG and eterification of FFAsand a cohol
to biodiesel in one step (Christopher et a., 2014;
Cesarini et al., 2015). This flexibility provides the
synthesisof biodiesal usinglow-cost raw materid with
a high concentration of FFAs, the case of second
generation biodiesel feedstock (Cesarini etdl., 2013;
Christopher etd., 2014; Aguieiraset d., 2015; Cesarini
etd., 2015). Besides, the process employing enzymes
supportsthewater content present intheoil, avoiding
the drawback of soap formation due to alkaline
transesterification, useslower acohol to ail ratio, and
provides easier product separation and recovery.
Moreover, lipases exhibit higher stabil-ity and
performancein FFA-rich substratesthanin TG-rich
vegetable oils (Christopher etd., 2014).

Several lipases obtained from various sources have
been investigated for biodiesel synthesis(Tanetal.,
2010; Christopher et al., 2014; Poppe et al., 2015).
Theability of lipasesto catalyzethedifferent reactions
variesbetween particular enzymes, and consequently,
therate of theenzyme-catalyzed reactionanditsyield
depend ontheemployed lipase (Cesarini et al., 2013;
Pedersen et al., 2014). Recent researches related to
the effectsof theuse of lipasesin biodiesel synthesis
have been carried employing themin theimmobilized
form. However, it has some drawbacks, such aslow
biocatalyst productivity, dueto masstransfer, sinceit
uses heterogeneous catalysts, and the high cost of
enzymes, which makesthisalternative still unfeasible
for indus-triesto apply (Corr*eaet a., 2011; Hama
and Kondo, 2013; Christopher et a., 2014; Aguieiras
etal., 2015).

A probable solution for those drawbacks could bethe
employment of thelipasesintheir freeform, whichare
cheaper and act ashomogeneous cataysts, alowing a
faster reactionrate(Lv etd., 2010; Cesarini etd., 2013,
2014; Pedersen et al., 2014; Aguieiraset a., 2015;
Firdauset a., 2016).

Preliminary researchesindicated that lipasesinthelr free
form could be capable of efficiently cat-alyzing the
alcoholysis of refined soybean oils for biodiesel
preparation (Chenetd., 2008; Renetd., 2011, 2013).

These non-immobilized lipases are much cheaper than
theimmobilized ones, and they can a so bereused for
severa timesif they arerecov-ered fromtheglycerin
phasein biodiesel produc-tion, making them more cost-
efficient when compared to their immobilized forms
(Cesarini et al., 2013, 2014). Through appropriate
strategy, freelipasesalso can berecovered and reused
with rather good operational stability remained, turn-
ing it favorablefor practical applications(Chenetal.,
2008; Lvetad., 2010; Renetal., 2013).

Sincethe employment of acid oilsand freelipaseshas
alack of study, thiswork amedtoinvestigateasingle-
step enzymatic esterification and transesterification
processfor fatty acid ethyl esters (FAEES) production
through reactionsof acid oilswith ethanol, employing
liquid lipase formulation. The FAEES reaction was
carried out inasinglebatch reactor, and the use of free
lipaseswould allow asingle-step conversion of both
FFA and TG to FAEE. The effects of tem-perature,
enzyme concentration, and FFA content present in
soybean oil were investigated. The comparison of
FAEEs synthesis using the chosen solublelipasesto
carry the experiments, Lipase B from Candida
antarctica (CALB), Palatase 20,000 L, Lipolase 100
L, CalleraTransL, and their respectiveimmobilized
forms(Novozym 435, LipozymeRM-1M, Lipozyme
TL-IM, and CdleraUltra) wasa so described. Lipase-
cata-lyzed eterification between oleic acid and ethanol
was al so studied asamodel reaction to evaluate the
efficiency of thesefree solublelipaseson FFA removal.

Material and Methods
Materials

Reactions were conducted using four distinct
commercial liquid lipases: CALB (lipase B from C.
antarctica), Palatase 20,000 L (lipase from
Rhizomucor miehel), Lipolase 100 L (lipase from
Thermomyces lanuginosus), and Callera Trans L
(lipasefrom T. lanuginosus). Also, somereactionswere
conducted with their respective immobilized form:
Novozym 435 (non-specific lipasefrom C. antarctica
immobilized onamacroporousacrylicresin), Lipozyme
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RM IM (1,3-specificlipasefrom R miehel immobilized
onananionicresin), LipozymeTL-IM (1,3-specific
lipasefrom T. lanuginosusimmobilized on agranul ated
silica), and CalleraUltra(1,3-specificlipasefromT.
lanuginosusimmobilized). Theselipaseswere supplied
by Novozymes.

Refined soybean oil was supplied by Sadia (Rio de
Janeiro, Brazil) and hasthefollowing compos-itionin
fatty acids (wt %): 0.1% lauric acid, 11.3% palmitic
acid, 0.1% pamitoleic acid, 4.3% stearic acid, 25.8%
oleicacid, 52.1%linoleic acid, 5.1% linolenic acid,
0.7% arachidonic acid, 0.3% behenic acid, and 0.2%
linodadicacid.

Acid soybean oil was prepared by theaddition of oleic
acid to the refined soybean oil in order to obtain oil
sampleswithacid vaue (AV) of 8.5, 50, and 90 (mg of
KOH g~ of ail). Refined soy-bean oil employed
presented an AV of 0.5. Ethanol 99.8% (PA.) and n-
hexane (99%) were obtained from Vetec Qu'ymica
Fina Ltda (Rio de Janeiro, Brazil). Methyl
heptadecanoate (99%) was purchased from Sigma/
Aldrich (St. Louis, USA). Other reactants were
obtained commer-cialy and wereof anaytical grade.

Esterification activity Determination

Edterification activitiesof thecommercid liquidlipases
were determined by consumption of oleicacid inthe
esterification reaction with ethanol (oleic acid/ethanol
molar ratio of 1/1), using 10% vol/vol or 5wt % of
biocatalyst at 30 °C. Esterification reactions were
conducted in ased ed batch reactor. Reaction progress
wasmonitored by sampling 100mL aiquotsat various
timeintervals. Theseweredissolved in acetone/ethanol
mixture (35mL), and the residual oleic acid was
determined by acid-basevolumetricandysswithsodium
hydroxide 0.02mol L -* using a Mettler Toledo T50
Titrator.

Oneesterification activity unit (U) wasdefined asthe
enzymeamount that consumes 1umol of oleicacid per
minuteunder theexperimenta conditionsdetailed above
(Correaetd., 2011).

Ethanolysis of soybean oil

FAEESs synthesiswas carried out in aclosed 15 mL

batch reactor magnetically stirred, coupled to a
condenser in order to avoid alcohol loss. The
temperaturewaskept congtant by circulation of ethylene
glycol inthereactor jacket.

Thereaction mixture cons sted of soybean oil, ethanol,
and liquidlipase. Soybean oil massusedwas8g. This
oil mass correspondsat 0.01 mol of TG and isbased
on the molar mass of oil, calcu-lated from the oil
composition (801 g mol™). Total ethanol loading was
determined with respect toitsmolar ratio with reactants.
The ethanol volumewasadded in three stages (1/3 per
stage) at the reaction time of O h, 0.5 h, and 1 h
according tothework by Bernardeset a. (2007). The
sepwiseaddition of ethanol wasusedto prevent enzyme
inhibition. Reaction pro-gresswasmonitored by taking
samples, in dupli-cate; at fixed intervals that were
analyzed for unreacted oleic acid and ethy!| ester con-
tent (FAEE).

To determine the content of ethyl esters and
consumption of oleic acid in the samples of FAEES
synthesisreactions, achromatographic method adapted
from the standard indicated by the European
Standardization Committee (Draft prEN 14103, 2001)
wasapplied.

To cd culatethe obtained content of ethyl estersineach
reaction we havefollowed the cri-terion indicated by
the standard. The sum of the areas of theestersinthe
sample(previoudy weighted) iscompared tothearea
of aknown massof standard, withinthelinear range of
the detector for methyl heptadecanoate (standard) and
the mass percentage content of the estersobtained in
thereaction (biodiesdl) iscaculated (Equation (1)).

(Do A)-Ap « Cpr X Vpr

C
API am

x 100 (1)

C = percentage content of esters (biodiesdl)

YA =total areaof the peaksof esters;

A, = peak areaof theinternal standard;

C,, = concentration of methyl heptadecanoate
standard in hexane(mg mL—2);

V,, =volumeof theinterna standard solution usedto
dissolvethesample(mL);

Mam = sample mass (mg).
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Effect of temperature

The effect of temperature (30 °C, 40 °C, and 50 °C)
was studied in the reactions carried out with the
stoichiometric molar ratio of ethanal:ail (3:1), and 1000
U of thecommercid liquidlipases.

Effect of enzyme concentration

Theenzymeconcentration (0.5, 1, 2,5, 7, 10, and 13%
vol/vol) wasinvestigated in the ethanolysisof soybean
oil (molar ratio of oil:alcohol equal to 1:3) at 30 °C
using Palatase 20,000 L, Lipolase 100 L, CALB, or
CdleraTransL.

Effect of acid content

Theeffect of acid content on soybean oil (AV of 0.5,
8.5; 50 and 90) was investigated in the reac-tions
carried out at 30 °C, using stoichiometric alcohol
amountswith repect to both reactants (ethanol/oil molar
ratio = 3/1 and ethanol/oleicacid = 1/1), and 10%vol/
vol of lipase (CALB, Palatase 20,000 L, Lipolase 100
L,and CaleraTranslL).

Ethyl oleate synthesis

Ethyl oleate synthesiswascarried out in aclosed 15-
mL batch reactor magnetically stirred, coupled to a
condenser in order to avoid alcohol loss. The
temperaturewaskept congtant by circulation of ethylene
glycol inthereactor jacket. Thepro-gressof thereaction
was verified by taking sam-ples, induplicate; at fixed
interval sthat were analyzed by acid-base volumetric
analysisfor unreacted oleic acid.

Effect of temperature

Theeffect of temperature on esterification of oleicacid
with ethanol was studied at 30, 40, 50, and 60 °C using
the stoichiometric ratio of the reagentsand 10% vol/
vol of lipase (CALB, Paatase 20,000 L, Lipolase 100
L,and CaleraTranslL).

Effect of enzyme concentration

Esterification reactionswerecarried out at 30°C using
0.5,1, 2,5, 10, 20, and 30% vol/val of lipase.

Gas chromatographic analysis

The gaschromatographic analysisof FAEEsand oleic
acid was made using VARIAN CP 3380 equipment
with aflameionization detector (FID), and acapillary
column CPWAX 52 CB (30 m x 0.25 mm x 0.25
um), employing asplitinjection systemintheratio of
1:20. Theinjector and the detector temperatureswere
kept at 280 °C and 300 °C, respectively. The oven
wasfirst maintained at 200 °C for 4.5 min, then heated
up to 250 °C at a20 °C min—! rate and kept constant
at the final temperature for 5 min. Hydrogen was
employed ascarrier gasa therateof 2mL min—. Methyl
hepta-decanoate was used asinternal standard. The
ethyl ester content was cal culated as grams of ethy!l
estersproduced per gramsof sample.

Acid-base volumetric analysis

Esterification progress was monitored from the
quantification of theoleic acid containedin thereaction
medium by acid-base volumetric analysis, taking
duplicate samplesduring al thereactiontime. Aliquots
of 50 uL werewithdrawn using an automatic pipette
andimmediately added to amixture of acetone/ethanol
(/1). The oleic acid content in the samples was
determined by titration employing NaOH 0.02 mol
L~ using automatic titrator Mettler Toledo T50. The
con-versonwasdefined asthe number of molesof oleic
acid reacted per moleof oleic acid fed to the system.

Results and Discussion
Esterification activity

Theedterification activitiesof CALB, Palatase 20,000
L, Lipolase100L, and CaleraTransL weredetermined
and the obtained resultswere 371, 600, 370, and 261
U mL—2, respectively. Theseresultsshow that Palatase
20,000 L hasexcdlent cataytic potentid inesterification
reac-tions at 30 °C, especially when compared to
CALB, Lipolase 100 L, and Callera Trans L. The
esterification activitiesof their regpectiveimmobi-lized
forms were 1950; 1945; 725; and 2400 U g—* for
Novozym 435, LipozymeRM-IM, LipozymeTL-IM,
and Cdlera Ultra, respectively. The
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performancesof lipasesin support were better than that
obtained withfreelipases.

Ethanolysis of soybean ail
Effect of temperature

Theproduction of FAEE employing enzymesisusualy
performed in the temperature range between 30 and
550C, inorder to prevent loss of lipasesactivity (Gog
et a., 2012; Christopher et a., 2014). Lipasesfrom
different sources show optimum temperatures in the
range of 20°C—70°C for their activity. In thisstudy,
the chosen range of temperaturesfor transesterifica-
tion reactions was 30 °C-50 #C. The molar ratio of
alcohol/soybean oil was equal to 3 (stoichio-metric
molar ratio) in all of the experiments according to
preliminary resultsof thegroup (Bernardeset d., 2007).

Theresultsobtained with Palatase 20,000 L, Lipolase
100L, and CaleraTransL arepresentedin Figure 1.
For Palatase 20,000 L (Figure 1(a)), it can be seen
that increasing thetemperature decreased the FAEES
yield. After 4 h of reaction, theachieved FAEE yields
were 46%, 43%, and 35% at 30 °C, 40 °C, and 50
°C, respectively.

In reactions with Callera, as the temperature was
increased, FAEEsyield was significantly decreased
(Figure 1(b)). After 4 h, the FAEE yiel dsobtained were
53%, 36%, and 13% at 30 °C, 40 °C, and 50 °C,
respectively.

Also, reactions with Lipolase 100 L (Figure 1(c))
showed the same performance with adecreasein FAEE
yieldswhileincreasing thetem-perature. After 4 h of
reaction, the FAEE yiel dsachieved were 84.6%, 67.8%,
and 51.4%, at 30 °C,40 °C, and 50 °C, respectively.

The FAEEsyidd obtained usng CALB waslower than
2% inall temperaturestested.

Theeffect of temperature ontransesterification reaction
withimmohilized lipaseshad been dready investigated
by our group (Pedro et a., 2018). With Novozym 435,
FAEE yield increased astemperature wasincreased
until 70 °C, of which 62% was obtained. In reactions
with Lipozyme RM IM and Lipozyme TL IM, the
FAEEs concentration was increased until 50 °C,
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Figure2. Ester content (wt %) during 4 h of transesterification
reaction between refined soybean oil (AV 0.5) and ethanol at
30 °C using different lipase concentrations (% vol/val). (a)
Palatase, (b) CalleraTrans, (c) Lipolase 100 L.
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decreasing dightly for temperatureshigher than 60°C.
Thehighest yield obtained for LipozymeRM IM and
LipozymeTL IM were 32% and 52%, respectively, at
50°C. For CdleraUltra, the optimum temperaturewas
asodetermined at 70°C, obtaining ayield of 60% after
4h.

Thedifferencesamong these commercial lipasescan
bejustified by andyzing the suscepti-hility of theenzyme
to denaturation at elevated temperatures, which can
vary according to many factors(pH, solvent, subgirates,
products, etc.) and can bedistinguished fromoneprotein
to another. Compared to their respective freeforms,
immobilized lipases exhibited higher optimum
temperaures, evendiffering from oneancther. Generdly,
immobilized lipases show a higher resistance to
temperature when compared to free ones (Fjerbaek et
al., 2009). The binding of the carrier material gives
stability to theenzymeand promotesadecrease of the
thermd effect, reducing the deactivationwhen compared
tothefreeenzyme (Fjerbaek et al., 2009). The most
intrigu-ing result, however, was obtai ned when compar-
ing CALB toitsimmobilized lipase, Novozym

435. CALB did not present any significant result for
any temperature—the highest yield obtained was 2%
at 30 °C — even though Novozym 435 showed the
highest yield of al initsoptimum temperature (70°C),
proving that thisenzymehasexcd lent catal ytic potentid
for transesterification, unlikeitsfreeform.

Effect of enzyme concentration

Reactions with 0.5%, 1%, 2%, 5%, 7%, 10%, and
13% of Palatase 20,000 L were carried out to
investigateitseffectinthe FAEESyield. After 4 h, the
reaction carried out with 10% vol/vol of enzyme
presented thehighest FAEE yield (46%). Reactionswith
5% obtained a FAEE yield of 31%. However, the
reactionswith lessthan 5% of enzymewerenot ableto
reach 1% of FAEE yield, and these resultswere not
consderedinthisstudy. Resultsare presentedin Figure
2.

After determining that the highest FAEEsyield with
Pd atase 20,000 L was obtained when employing 10%
vol/vaol of lipase (Figure 2(a)), the same enzyme
concentrations of 0.5, 1%, 2%, 5%, 7%, 10%, and
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Figure 2. Ester content (wt %) during 4 h of transesterification
reaction between refined soybean oil (AV 0.5) and ethanol at
30 °C using different lipase concentrations (% vol/val). (a)
Palatase, (b) CalleraTrans, (c) Lipolase 100 L.

13% were applied for CalleraTransL (Figure 2(b))
and Lipolase 100 L (Figure2(c)). Again, CALB was
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not ableto present significant results, and soitsresults
will benot shown.

Anayzingtheresultsobtained with CdleraTransL, the
enzyme concentration of 10% vol/ vol wasagainthe
onethat presented thehighest FAEE yidld (77%). FAEE
concentrations of 53%, 64%, and 65% were obtained
with 5, 7, and 13% vol/vol, respectively. Among the
studied lipases, Callera was the only enzyme
preparation to pre-sent considerableyieldswith less
than 5% vol/vol of enzyme concentration (30%, 15%,
and 10%with 2, 1, and 0.5% vol/val, respectively).

Evaluating theresultsobtained for Lipolase 100 L, the
concentration that madeit possibleto reach the highest
converson (97.3%) was 10% vol/vol. The FAEE yidds
for the contents 0.5, 1, 2, 5, 7, and 13% vol/vol were
of 14.2%, 23.4%, 20.9%, 68%, 77.2%, and 79.1%,

respectively.

The decrease in the obtained FAEES yield when
Increasing enzyme concentration above 10% vol/ vol
for thelipasesPalatase 20,000 L, Lipolase 100 L, and
CalleraUltracan bejustified by the nature of liquid
lipaseformulations, which are aqueous sol u-tions, and
by increasing their volumeinthereac-tion medium, the
water content increasesaswell. Presence of water in
thereaction mixture can pro-mote hydrolysisof esters,
and thereforethe decreasein the esters content and an
increasein FFA (Guldheet al., 2014). The biodiesel
synthesisemploying lipasesisconducted inmostly non-
aqueous medium, aswater playsmultiplerolesand it
hasasubstantia influenceonthecatalytic activ-ity and
stability of thelipase (Tanet d., 2010). Different from
most immobilized lipases, quiteasgnificant amount of
water was necessary for transesterification reaction
mediated by solublelipase (Cesarini et a., 2014). The
water content in thereaction medium hassome benefits
likethedilution of ethanol and theformation of asecond
liquid phase, producing aninterfacethat isrespon-sible
for activating many lipases(Tanet a., 2010; Pedersen
eta., 2014).

Theinfluenceof water onbiodiesd synthessusing 0.5%
of Callera Trans L was studied by Pedersen et al.
(2014). Therate of conversion during theinitia stage
of the reaction increases cons derably when thewater

content is increased from 5% to 10%, with a small
margina improve-ment by going to 20% and 30%. The
optimum water content islikely to be dependent upon
mixing conditions, ethanol concentration, and theethanal
addition scheme.

Whenemploying CdleraTransL inbiodiesdl synthes's,
itsreactionrateisindirectly proportiond totheenzyme
concentration, suggesting that a sat-uration level is
obtained (Firdauset a., 2016). Thisbehavior can be
expected for systems with two phases, one for the
catalyst and the other for the substrate, interacting only
a theinterface.

Also, with more enzyme, the reaction would become
limited by the maximum adsorptive cap-acity of the
interface, meaning that theinterfacia areaistoo smal
toalow for al theenzymeto absorb onto effectively
(Pedersenet al., 2014), what would also decreasethe
cadyticpotentid of higher enzymeconcentrations. The
results obtained in these experiments confirm this
behavior.

Theeffect of enzyme concentration on FAEESsynthes's
wasstudied for immobilized lipasesat 50°C. Lipozyme
RM IM gavethehighest FAEE yield (51%), after 4 h
when employing 7 wt % of the enzyme, which was
similar to that obtained with 9 wt % of the enzyme.
Novozym 435 pre-sented ever-increasing FAEE yields
until 9 wt % of the enzyme, which was the highest
concentra-tion employed (73%). CalleraUltraalso
showed its best performance with 9 wt % of the
enzyme, obtaining ayield of 89% at 70°C.

Comparing free lipases to their respectiveimmobilized
forms, Novozym 435 and CAL B again presented the
most different results. Novozym 435 presented ayield
of 73% with 9 wt % while CALB was not able to
present good resultsin any concentration, asserting that
thisenzymeisnot proper to transesterification reac-
tionswheninitsfreeform.

Pdatase 20,000 L and CalleraTransL showed similar
resultstotheir respectiveimmobilized forms(Lipozyme
RM IM and CalleraUltra). All of them presented their
better results when around 10% of enzyme
concentration and the highest yieldswithimmobilized
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lipasesweredightly higher thanthat obtained with their
freeforms, indicating once morethat the employment
of free lipases does not lose efficiency in transes-
terification reections.

LipozymeTL IM presented itsbest FAEESsyid ds(50%)
whenemploying 5and 7% wt of theenzyme. With higher
concentrations, theyield hasdeclined. For Lipolase 100
L the best result was achieved employing 10% vol/vol

of lipase.
Ethyl oleate synthesis

Lipases are enzymes that can catalyze both esteri-
fication and transesterification reactionsin non-agueous
medium. So, these enzymes can be employed in the
biodiesel production usingacid oils, which are cheaper
than refined ones, asaway to decreasethe FFA content
and to favor the transesterification reaction. Lipase-
catalyzed ester-ification between oleic acid and ethanol
was defined with standard reaction to evaluate the
efficiency of thesebiocata ystson FFA removal because
oleic acidisoneof the predominant fatty acidsinthe
vegetableoilsused for biodiesel syn-thesis(soybean
oil, pamoail, etc.) andisliquid at ambient temperature.
Theinfluenceof tempera-tureand enzymeconcentration
inesterification of oleic acid with ethanol using liquid
commer-cid lipasewasstudied. Preiminary sudiesto
evaluate theinfluence of the amount of ethanol inthe
conversion obtained with esterification reactions
catalyzed by liquid commercial lipases varying the
amount of ethanal (ethanol/oleicacid molar ratiosequa
1land 2, andtheir addition form (single, stepwise, and
continuous) had been done. The preliminary results
showed therewasno significant conversion difference
when the ethanol addition was performedinasingle
step using the stoichiometric ratio of thereactants. The
use of ethanol/oleic acid molar equal to 2 did not
promote a significant increase in the con-version.
Therefore, the experimentswere carried out with the
stoichiometric molar retio of reagents(ethanol/oleicacid
molar ratio=1).

Effect of temperature

Egterification reactions between oleic acid and ethanol
werecarried out for thefour freelipasesstudiedinthis
work (CALB, Paatase 20,000 L, Lipolase100L, and

80
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Figure 3. Oleic acid conversion (%) in esterification with etha-
nol after 30 min of reaction, using 10% vol/vol of lipaseliquid
formulation (CALB, Palatase 20000 L, Lipolase 100 L, and
CaleraTransL) at 30°C, 40°C, 50°C, and 60°C. Molar ratio of
oleic acid:ethanol = 1.

CdleraTransL), employing 10% vol/vol of each, a 30
°C, 40°C, 50°C, and 60 °C for 30 min. Theresults of
thesereactionsare presented in Figure 3.

Lipolase 100 L and CalleraTransL haveall presented
an optimum temperature of 30°Cfor transesterification
reactions. When studying the effect of temperaturefor
edterification activity, Callerawasonly ableto present
good results at 30 °C (38%). At 40 °C, it showed a
lower conver-sion (11%), and for higher temperatures,
no oleic acid was converted to an ester. Theincreasein
thereection temperaturein eterification reac-tionswith
Lipolase 100 L lipase caused adecreasein conversion.
Theethyl ol eate values obtained at the temperature of
30 °C, 40 °C, 50 °C, and 60 °C were 20.8%, 7.9%,
3.2%, and 1.1%, respectively.

Eventhough Paatase could convert oleic acid at 50°C
and 60 °C, theresults at thesetempera-tureswere not
asgood asthe oneswith 30 °C and 40°C, which were
very similar (63% and 64.5%, respectively), exactly
liketheresultsshownin section* Ethanolysi sof soybean
oil” for trans-eterification reactions. Both temperatures
could be used for carrying reactionswith thisenzyme.

Aspredicted, CALB presented agood perform-ance
for esterification, entirely different from the
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transesterification activity. Itshighest conversonwas
obtained at 40 °C (39%), but thisenzymewasableto
convert enough oleic acid at 30 °C and 50 °C aswell
(34% and 35%, respectively). A considerablereduction
inconversionusing CALB wasnoted only at 60°C.

Effect of enzyme concentration

Esterification reactions between oleic acid and ethanol
werecarried out for thefour freelipasesstudiedinthis
work (CALB, Palatase20,000L, Lipolase100L, and
CaleraTransL), employing 0.5, 1, 2, 5, 10, 20, and
30% vol/val of each, at 30 °C for 30 min. Theresults
of thesereactionsare presented in Figure 4.
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Figure4. Oleic acid conversion (%) in esterification with etha-
nol after 30 min of reaction, using 0.5, 1, 2, 5, 10, 20, and 30%
vol/vol of lipaseliquid formulation (CALB, Palatase 20000 L
Lipolase 100 L, and CalleraTrans L) at 30 °C. Molar ratio of

oleic acid:ethanol = 1.

Again, CALB presented gresat resultsif com-pared to
itstransegterification performance, achieving conversons
of 18%, 34%, 53%, and 62% with 5, 10, 20, and 30%
vol/vol of theenzyme, respectively. Thisever-increasing
behav-ior is somehow surprising since more enzyme
leadsto asaturation level, which wasnot obtainedin
thiscase.

Lipolase 100 L showed good resultsintheesterification
of oleic acid, as the conversion increased with the
increment of theenzyme, reaching conversionsof 9.6%,
20.8%, 35.2%, and 44.8% for the contents of 5, 10,
20, and 30% vol/val.

Palatase 20,000 L was responsible for higher
conversionsthan CALB (75% with 30% vol/vol of
enzyme) but had a similar performance. The con-
versionswereincreasing asthe concentration of the
enzymewasdsoincreasng. Comparedtothisenzyme's
transesterification activity, itisnot-ablethat thisenzyme
actsdifferent in thesereac-tionssinceit hasfoundits
optimum concentration at 10% vol/vol for
transesterificartion, already decreasing with 13%vol/
vol and here, it has continuously increased until 30%
vol/ val. Itisimportant to state that experimentswith
higher concentrationswere not carried out becauseit
would have been alot of enzymes, which would lead
to a higher cost for the process.

Unliketheothers, CalleraTransL hasonly increased
itsconversonsto 20% val/val (52%). When employing
30% vol/vol of this enzyme, the conversion has
decreased to 49.5%. However, that concentrationis
still higher than the optimum for transesterification
reactions, whichwas 10%

Effect of acid content on soybean oil

Theeffect of acid content (AVsof 8.5, 52, and 90) on
soybean oil wasinvestigatedin biodiesd synthesisusing
liquid lipaseformulations (CALB, Palatase 20,000 L,
Lipolase 100 L, and Callera Trans L). Also,
transesterification reactionswith pure soybean oil (AV
0.5) were carried out. Even though the optimum
conditions for CALB could not be determined for
transesterification reac-tions, biodiesel synthesisfrom
acid oilswascar-ried out employing thislipaseinthe
same conditions of the other freelipases (30°C, 10%
vol/val of lipase).

Theresults presented in Figure Sindicated onceagain
that the catalytic potential s of Palatase 20,000 L and
Calera Trans L are higher than CALB’s since the
reactionswith thoseenzymespresented higher biodiesdl
yiedfor al theemployed oils. Thehighest yield (71%)
for Palatase 20,000 L was obtained with the acid ail
AV 50 after 4 h. For CALB, thehighest biodiesd yield
was32% with acid oil AV 90. CdleraTransL hadthe
best result when employed with therefined soybean oil
(77%). With CALB and Palatase 20,000 L, reactions
with refined soybean il (AV 0.5) presented biodiesel
yieldsof 1.9% and 44%, respectively.
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Figure5. Ester content (wt %) in the transesterification reaction using acid soybean oil (AVsof 0.5, 8.5, 50, 90) during 4 h. (a)

CALB, (b) Palatase, (c) CalleraTrans, (d) Lipolase 100 L.

Reactions with CALB showed that biodiesel yield
increased whentheacidity of oil washigher, aspresented
in Figure 5(a). Since this lipase showed better
goplicationfor esterification than transeterification, the
obtained resultsreflect that fact, with almost al the
produced FA EEscoming from theesterification reaction
of theoleic acid. Novozym 435 presented high FAEE
yields even with high concentrations of acohal, the
condition of reactionswith acid oilsof highAVs.

For Palatase 20,000 L, the observed behavior is
different from that obtained with CALB, with biodiesel
yiddincreasng astheAV of theoil wasincreasing until
theacid oil AV 50, withwhichthehighest biodiesd yield
wasobtained. FAEESyid d decreased when employing
acid oil AV 90 (57%). Thisresult can be explained by
thehigher concentration of ethanol inreaction medium

whentheacid oil AV 90 wasemployed, what might be
responsible for decreasing the activity of Palatase
20,000 L in the reaction and, therefore, the FAEE
content. Also, thehigh FAEE yieldsobtained indicate
that this lipase presents significant potential for its
gpplicationintranses-terification reactionsof acid oils.
Thislipase' sperformance can bechecked in Figure 5(b).

CalleraTransL presented interesting results, showing
high FAEE yiddswithal acid oilsemployed. However,
the highest oneamong themwasobtained inthereaction
with refined soybean oil (AV 0.5), and whilethe AV
was increasing, FAEEsyield has decreased, asit is
showninFigure5(c). It can be explained considering
that with highAV's, moredcohol isadded tothereection
medium and this high volume of ethanol might cause
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denaturation of lipase, diminishingitsactivity inthe
catalyssof esterification and

transesterification reactions. Furthermore, it must be
considered that the esterification reaction has as
byproduct water that may negatively influence the
performanceof thebiocatalyst and the equi-librium shift.

Lipolase 100 L presented FAEE yieldsin therange of
65%for oilswithAVsof 8.5, 52, and 90 (Figure 5(d)).
The best result (97.3%) was obtained using refined
soybean oil (AV 0.5). Theseresultsindicated that this
lipase can be employed inthe synthesisof FAEEswith
acidails,

Cesarini et al. (2013) reported that in an agque-ous
medium, the conversion of soybean oil into FAMEs
catalyzed by CalleraTransL presented theway this
enzymeoperates, with afirst hydrolysisstep. Only after
that step, the esterifi-cation of the fatty acids with
methanol starts. Inthefirst 5h, therelease of FAMES
comesfromthetransesterification activity of theenzyme.
Atlonger reactiontimes, after dmost dl theglycer-ides
have disappeared, esterification activity takesplace
using thefatty acidsoriginated by thehydrolysisof TG
diglycerides, and monoglycer-ides. Thisbehavior was
alsoreported by Lv et a. (2010), inthe methanolysis
reaction with NS81006, a soluble lipase, all the
glycerideswere hydrolyzed, generating fatty acids,
which weretransformed into esters by thefollowing
ederification.

These results indicate that Palatase 20,000 L and
Lipolase 100 L not only haveagreet cataytic potential
for esterification reactions, but sofor transesterification
reactions. Sinceitshighest FAEE yield wasobtainedin
areactioninwhichthe FAEE comesamost exclusively
fromtranses-terification, CdleraTransL isvery efficient
for thiskind of reaction even though it can benicely
employed for esterification. In contrast, FAEESyields
obtained with CALB indicatethat thislip-ase presents
abetter performancein esterification reactionsthan
transesterification ones.

When compared to their immobilized counter-parts,
Palatase 20,000 L and Lipolase 100 L were able to
present better results than Lipozyme RM IM, and
LipozymeTL IM did. Whilethefreelip-ase Paatase

20,000 L obtained its best result with acid oil AV 50
(71%), theimmobilized lipasecould only achieveayield
around 30% for all the employed oils, including the
refined soybean one, at 50 °C. For Lipolase 100 L the
best result wasachieved empl oying refined soybean ol
withacid oil AV 0.5(97.3%). Theresultsindicated that
increasing theAV of the oil applied doesnot affect its
performance sincethe FAEE yield remained closeto
65% with the other acid oilsemployed in thisstudy.
For LipozymeTL IM, whichistheimmobilized form of
the enzyme, the highest FAEE yield was 50% when
refined soybean oil wasused, with theyield decreasing
withtheincrease of theAV of theoil.

CALB and Novozym 435 exhibited asimilar action,
increasing their yieldswhilethe acid con-tent wasalso
increasing. However, theimmobi-lized one had much
better resultswith soybean oil AV 0.5 (28%) and acid
oil AV 8.5 (33%) than CALB, which could not produce
ayield higher than 5% in both cases. CalleraTransL
had a bet-ter yield than CalleraUltrawith therefined
soybean il AV 0.5 (77% and 59%, respectively), which
wasthebest oil with both enzymes, ensur-ing Callera's
preferencefor transesterification reactionsagain.
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Figure®6. Oleic acid conversion obtained in transesterification
reactions of acid ail (AVs 8.5, 50, and 90), using commercial
lipase with lipase (CALB, Palatase 20000 L, Lipolase 100 L,
and CalleraTransL) after 4 h. Reaction conditions: 10% vol/
vol of lipase, ethanol/soybean oil molar ratio of 3, oleic
acid:ethanol molar ratio of 1, ethanol added in three steps (1/

3at0h, 1/3&fter 0.5h, and 1/3 after 1 h), at 30°C.

Oleicacid conversionswerealso determinedinthose
reactionswith theresultsbeing presented in Figure 6.
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The obtained resultsindicate again that even though
CALB haspresented small FAEEsyields, thislipase
could be gppliedfor esterificationreactionsof high FFA
feedstock sinceit hasconverteddmost dl theoleicacid
present inthereaction mediumfor dl theacid oilstested.

For reactions with Palatase 20,000 L, the obtained
conversionswere highfor acid oilswith AV 50 and 90,
which were 93% and 95%, respectively. When
employingtheacid oil AV 8.5, theobtained conversion
waslower, around 70%. Lipolase 100 L presented high
conversonsfor acid oilswithAV 8.5, 50, and 90, which
were 91%, 88%, and 93%, respectively. Among the
employed lipases, CaleraTransL obtained thelowest
FFA conversion, ensuring once again that thislipase
hasalower catalytic potentia for eterification than the
others. Despite thisfact, it was also able to present
high oleic acid conver-sion with acid oilsAV 50 and
AV 90, around 90%. With acid oil AV 8.5, however,
only 40% of the oleic acid present in the reaction
medium was consumed after 4 h, the smallest
performance shownintheexperimentsthat werecarried
out inthisstudy. Perhapsit would be necessary longer
reaction time to reach higher FFA conversion.

Conclusions

Aiming to investigate the performance of four liquid
lipaseformulations(CALB, Pdatase20,000L, Callera
TransL, and Lipolase 100L) onasngle-step enzymatic
edterification and transes-terification processfor FAEES
production, this paper was ableto present satisfactory
results. In the carried experiments, lipase Palatase
20,000 L presented the highest esterification activity
(600 U mL—1) among the tested enzymes.

When evaluating the effect of temperature on
transesterification reactions, carrying them at the
temperature of 30 °C provided the highest obtained
yiedsin FAEEsemploying liquid com-mercid lipases
Palatase 20,000 L, Lipolase 100 L, and CalleraTrans
L. By increasing the enzyme content above 10% vol/
vol, adecreaseintheyield of FAEEswasnoted for the
samegroup of lipases. However, lipase CAL B wasnot
ableto providegresat resultson any of thetransesterifica
tionreactions.

The best temperature for esterification reac-tions
employing lipases CALB and Palatase 20,000 L was
40 °C, obtaining conversions of 39% and 64.5%,
respectively. For liquid enzyme prepa-rations, the
optimum temperaturefor CaleraTransL and Lipolase
100 L was 30 °C and the obtained conversionswere
respectively 38% and 20.8%.

Palatase 20,000 L and Lipolase 100 L presented great
catalytic potentia not only for esterification reactions
but also for transesterification reactions. The highest
yield (71%) for Palatase 20,000 L was obtained
employingtheacid oil AV 50, whilefor Lipolase 100 L
the best result (97.3%) was obtained using refined
soybeanoil (AV 0.5).

Callera Trans L proved to be very efficient for
transedterification reactions, achievingitsbest result with
therefined soybean oil (77%). CALB presented abetter
performance on esterification reactions than on
transesterification ones. The highest biodiesel yield
obtained with it was 32% employing acid oil AV 90.

Theobta ned resultsopen upthepossibility of employing
commercid liquid lipasesand acid

oils, together, presenting an dternativerouteusngaraw
materia with an affordablepriceand lower cost cataysts
that can obtain amore eco-nomical and eco-friendly
processin thefield of FAEES production. Also, they
might beusedinthepretreatment of oilswith highAV's,
making theoilsgppropriatefor theconventiond akaine
process. Thosefactsjustify why the employment of
those enzymes that are environmentally-friendly
biocatalysts is being severally investigated and its
applicationsinthe chemist industry areincreasing day
by day.
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HEALTH NEWS

Plant-based omega-3s offer similar
benefits to marine-derived iterations

Ahiflower oil-derived SDA isconverted into EPA in
thebody, offering similar joint, brainand gut benefitsto
traditiond fishail.

A new review publishedin Lipids hashighlighted the
potential of plant-based omega-3 oilsin promoting gut
hedth.! Thearticledevesinto how omega-3ailsrichin
stearidonic acid (SDA) can influencethemicrobiome,
promote optimal gut barrier function, help mitigate
systemicinflammation and boost overdl wellness.

Published by researchers from the University of
Southampton, the piecead so explorestherisinginterest
in plant-based omega-3 sources.

Accordingto Baker etd., thistrendisprimarily driven
by the increased intrigue towards both ethical and
sugtainable dietary choices— with many now turning
away from fish oil products in favour of more
environmentdly-friendly options.

Thereview covers,

e How very long chain polyunsaturated fatty acids
(VLF-PUFAS) present in plant-based extractscan
bal ancethe gut microbiome

e HowVLF-PUFAsexhibit aprebiotic effect within
thegut

e The potential of SDA-rich oils in mitigating
inflammation aswell aspromoting gut barrier and
immunefunction

e How SDA oilsmodul ate the gut-brain/gut-liver
axes

e Howuserscangainsmilar omega-3-related hedth
and wellness benefits from plant-based sources
compared withtraditiona fishail

e  Why plant-based omega-3sare more sustainable
thantraditiond fishoils

Notably, the researchers tout the benefits of Nature
Crops|nternational’sbranded Ahiflower oil, whichis

derived from Buglossoidesarvensis.

Oil fromthisparticular botanical speciesisrichin SDA,
which promotesefficient omega-3 EPA conversonand
DHA formationintheliver and brain; despiteitsinability
toraiseDHA levelsinthered blood cells.

Thissuggeststhat the beneficia fatty acids produces
are being metabolised and used by the body more
efficiently, according to Baker.

“Asweuncover the power of omega-3sin promoting
cardiovascular, gut, skin, immune-inflammatory and
mental health, therewill continueto beanincreasein
demand for these products— creeting an unsustainable
upply chainif weweretordy soldy onmarinesources,”
shesays.

“Toovercomethisissue, it'scrucia to embrace plant-
based omega-3 options — which are demonstrably
beneficial for al thesehedthgoas.”

“Ahiflower oil isone of nature's richest sources of
omega-3, and thisnewly published research only further
underscoresitskey roleinoveral wellness. By choosing
aclean-label, regeneratively farmed omega-3 solution,
supplement manufacturers can not only enhancethe
benefitsof their product, but aso chooseasustainable
option,” Baker concludes.

Source: Nutraceutical BusnessReview

Lotus seed (Nelumbo nucifera) proten-
derived calcium-binding peptides:
| solation, characterization, and
osteogenic effect

Introduction

Calcium deficiency, continues to be a prevalent
concern, particularly among older adults and
postmenopausal women. A lack of calcium canresult
in several diseases, such as rickets in children and
osteoporosisinolder adults[1]. Thisdeficitisgeneraly
attributed toinadequate cal cium consumptionand limited
bioavailability. Therefore, cresting dependablecalcium
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supplementsisessential to mitigate and avert future
shortages. Variousca cium supplements, suchasamino
acid chelates, organic acids, andinorganic formshave
beenwidedly studied for addressing cal cium deficiency
[2]. Inorganictypeslike CaCl, and CaCOf havelow
bioavailability duetointestina precipitation[3], while
organic forms such as calcium lactate are better
absorbed but have lower calcium content and require
adequatevitamin D. Though generally well-tolerated,
supplementslikecacium carbonate can causedigestive
side effects [4]. Conversely, amino acid-chelated
calciumimprovesabsorption but iscostly and proneto
oxidation [5]. Theselimitationsemphasizetheneed for
cost-effective, stabledternativeslike calcium-binding
peptides.

Recently, bioactive peptidesderived from natural dietary
proteinshaveattracted sgnificant attention asefficient
calcium-binding agents due to their biological
compatibility, including enhanced bioavailability and
improved intestinal absorption [6]. Alongsidethese
findings, recent studies have also explored innovative
srategiesfor improving boneregeneration such asusing
bioactivematerid sandimmunomodul atory scaffoldsthet
synergizewiththebody’snaturd repair mechanisms|7].
While cal cium-binding peptides derived from dietary
proteinsexhibited considerable promisein enhancing
bonehedth by stimulating osteogenesis, theformation
of new bone tissue, mineralization, and aiding the
trangport of calciumthrough theintesting epitheiumin
bothinvitroandinvivostudies. Themgority of research
on cal cium-binding peptideshas concentrated on animal
or specific plant sources, including antarctickrill protein,

bovine bone collagen, and peanut [6,8,9]. This has
prompted researchersto investigate more animal and
plant-derived sourcesfor cal cium-binding peptides, in
accordancewith theincreasing demand for sustainable
solutionsin supplementsand functiona medls.

Lotus(N. nuciferaG) isaso known aswater lily and
Kamaa. Itisafreshwater annual flower belonging to
the genus Nelumbo, which includes the species N.
nucifera[10]. Asasignificant economic cropin China,
it produces 45,000 tons of lotus seeds and 9 million
metric tons of freshly harvested rhizomes[11]. The
scientific community has demonstrated a growing
interest in the sacred lotus due to itsimportance in
gardening, medicind use, and botanica phylogeny [10].
Recently, bone hedlth-benefitsof |otusingredientssuch
as polysaccharides and alkal oids have been reported
[[12], [13], [14]]. Although plant-derived calcium-
binding peptides are known, the specific capacity of
lotus seed protein to form bioactive cal cium-peptide
complexes, and their combined osteogenic and
bioavailability benefits, havenot been characterized. The
objective of thisstudy isto isolate lotus seed protein
and generate cal cium-binding peptides by enzymatic
hydrolysis. Structural characterization of |otus seed
calcium-peptide (L SPIH-Ca) complex wasperformed.
Further, this study investigated osteogenic effect of
L SPIH-Cainmesenchymd sem cdlsand bicavail ability
by the Caco-2 calcium transport assay. Finaly, the
sequencesof calcium-binding peptideswereidentified.

Materials

L otus seedswere procured from anearby market. Cell
culture mediaand certain componentswere obtained
from Gibco-BRL (Gaithersburg, MD, USA). Primary
antibodies for extracellular signal-regulated kinase
(ERK), p-38, c-Jun N-terminal kinase (JNK),
Osteocdlcin, collagentypel dphalchain (COL1A1L),
distal-lesshomeobox 5 (DIx5), phosphorylated-ERK
(p-ERK), phosphorylated-p38 (p-p38), osterix, runt-
related transcription factor 2 (Runx2), phosphorylated-
INK (p-JINK), b-actin, and p-p38 were

Protein isolates of lotus seed

Alkalineextractionisawell-established and effective
techniqguecommonly employedfor obtaining high-qudity
proteinisolates. Inthisstudy, lotus seed proteinisolate
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(LSPI) was obtained with a purity of 83.80 %.
Additionally, SDS-PAGE analysisrevealed distinct
protein bands, reflecting the presence of proteinswith
varying molecular weights(Fig. S1). A light band at 140
kDasuggested alow amount of high-molecular-weight
protein. M oderate amountswere found in the 35-50
kDarange, but

Conclusion

Alcalase hydrolysis effectively produced calcium-
binding peptidesfromlotusseed and fecilitated L SPIH-
Cacomplex formation. Spectroscopic study revealed
that calcium reacted with L SPIH to generate L SPIH-
Cacomplex viaamide, carboxyl, carbonyl groups, and
carboxylate oxygen atoms. Furthermore, the structural
alterations from LSPIH to LSPIH-Ca complex, as
evidenced by SEM and EDS, were attributed to
interactions between peptides and calcium ions.
Subsequent findings shown that L SPIH-Cacomplex

Source: International Journal of Biological
Macromolecules

Boba-Like Edible Beads Trap Fats and
May Promote Weight Loss

Microbeads madefrom green teaand seaweed-derived
compoundsmay offer asafer, lessinvasiveway tolose
welght than current options.

A fat-absorbing microbead, white and pearl-like, lies
on ablack speckled surface.

Boba pearl-inspired, fat-absorbing microbeads may
promoteweight lossby increasing fat excretion.

Despite Ozempic'sultra-popul arity, some patientscan’t
takethisdrug dueto pre-exigting head th conditionssuch
as thyroid and pancreatic disorders. Thousands of
lawsuitshavedso beenfiled againgt thedrug over safety
concerns—amajor onenoting visonlossesiscurrently
awaiting the court’sdecision.

Bioengineer Junling Guo at Sichuan University wanted
to provideasafer optionto help patientsloseweight.
His team recently developed edible fat-absorbing
microbeads, shaped like boba pearls and made from
chemical compoundsderived from greenteaand brown
seaweed.1 The beadswork locally in the gut rather
systemicdly inbloodstream, which may reducetherisk
of side effects. Theteam’ sresultswere publishedin
Cdl Biomaterids.

“Polyphenols[the green-teaderived compound] arethe
ideal building block becausethey can form multiple
interactions,” said Yue Wu, Guo’sgraduate student,
when she presented theteam’ sfindingsat the Fall 2025
American Chemica Society meeting. “ Themicrobeads
asointeract with both fat and water, making them both
stableand biocompatible.”

The researchers observed that the fat-trapping
microbeads absorbed variousdietary fats, from peanut
butter to pork fat, with up to 81 percent efficiency in
vitro. “ Thissuggeststhat they can beeffectiveinreal-
world cases, wherefat sourcesarehighly diverse,” Wu
said. Theteam also found that the microbeads could
reduceweight gaininratsthat consumed ahigh-fat diet
by about 17 percent relativeto their counterpartswho
atethe samediet but without the beads. Themicrobead-
treated ratsalso had significantly lower levelsof fat in
their bloodstream.

While semaglutide-based drugs like Ozempic work
mainly by reducing gppetite, other drugs, suchasorligat,
limit fat absorptioninthegut. Thisisa so how Wuand
Guo’'smicrobeadswork. Orlistat iscurrently theonly
medication targeting fat absorption that’s been
approved by the US Food and Drug Administration.
But becauseit hindersfat absorption by increasing their
excretion through feces, diarrheais acommon side
effect.

So, Wu and Guo’s team tested if their boba pearl-
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inspired drug could help aleviatethisproblem. The
researchers compared thefeces of ratsthat ateahigh-
fat diet supplemented with the microbeads to feces
excreted by their counterparts on the same diet but
treated with orlistat. They observed that ratsgiventhe
microbeads had no diarrheaand excreted microbeads
swollenwith absorbed fatswithin hours. Theorlistat-
treated rats, onthe other hand, had watery feces. These
results indicate that these microbeads could help
increasefat excretionwithout the commonly associated
gadtrointestina sideeffect.

Theresearchersare currently recruiting patients, some
of whom can’t take or don’ t respond to semaglutide-
based drugs, for an early-phaseclinicd trid in Chinato
test these microbeads.

Source: The Scientist

Omega 3 fatty acids help brain function,
heart health: Otorhinolaryngologist
explains how it is different from Omega 7

While both support overall health, Omega-3 focuses
more on heart and brain health, whereas Omega-7 has
benefitsmoregeared towardsskin, hair, and eyehealth.

Omega-3 fatty acids, which can befoundinfishand
flaxseed, yield anumber of health benefits, including
the prevention of heart disease, a2016 study published
intheNational Centrefor Biotechnology Information
found. In an interview with HT Lifestyle, ENT/
otorhinolaryngologist Dr Vishd Tyagi, consultant, Fytika
Healthcare Group, said dietary fat like omega-3 has
experienced acompleteflip intherecent past —from
being dreaded to something that must be harnessed.
Alsoread | Areyou having enough omega-3? Know 5
common food sources and when you should take
supplements

Omega-3 and Omega-7 fatty acidscontributeto overal
hedlth, but their specific benefitsdiffer.

What I ndiansmust know about fatty acids

Thedoctor explained that omega-3 and omega- 7 fatty
acidsare both essential for our health, but they have
different benefitsand sources. Hesaid, “ Omega-3 fatty

acids are one of the better fats and are acclaimed
universdly for their overal goodness. Recently, omega
7 fatty acidsal so garnered attention for their potential
benefitsin skin and metabolic health. Asthe Indian
consumer moves toward preventive health care,
awareness around thefunctions of fat and itsdietary
sourcesalowsappropriatenutritional selection.”

What areomega-3fatty acids?

Dr Tyagi explained: “ The human body cannot produce
theomega: 3 fatty acidsbut must consumethem aspart
of thenutrition. Omega-3fatty acidsassist inregulating
cell membrane compogtion, brainfunction, heart hedlth,
andinflammation regulation. Of thethree omega-3fatty
acids ALA (inflaxseeds, chiaseeds, andwanuts), EPA,
and DHA (in oily fish, including salmon, tuna, and
sardines) are the others. Omega-3s are also
overwhelmingly crucial, particularly for apregnant
woman, heart hedlth, and joint inflammation.”

What areomega-7 fatty acids?

According to Dr Tyagi, “Omega-7s, also known as
palmitoleic acid, are monounsaturated fatty acidsthat
our body makes, but taking themin someway or another
through diet helps. Omega-7 has been found in
macadamianutsand seabuckthorn il toimproveinsulin
sensitivity, enhance fat metabolism, prevent
inflammation, and assist skin. Metabolic syndrome, in
which diabetesisincluded, isspreading fast in India,
and omega-7 bringsgreeat relief.”

Omega-7 has been found in macadamianutsand sea
buckthorn il toimproveinsulin sengtivity.

What arethebenefitsof omega-3fatty acids?

Omega-3 lowers triglycerides, blood pressure, and
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coronary heart disease, Dr Tyagi said, and added,
“Omega-3 reducespain andinflammationinrheumatoid
arthritis. DHA assists in the brain and eyesight
development of ababy during pregnancy. Omega-3
eases skin diseaseslike eczema, isbeneficial inbone
health, and conditionshair and scalp.”

What aretheadvantagesof omega-7 fatty acids?

Dr Tyagi said, “Lessresearched, but with their own
special, pretty advantages, are the omega-7s. They
reduceinsulin resistance and are therefore a pleasant
friend to type 2 diabetes and metabolic syndrome.
Omega-7s lower cholesterol levels and enhance fat
metabolism. Appliedtotheskin, they arean dl-natural
emollient, bringing moistureand flexibility, and agood
solutionfor anyonewith dry or irritated skin.”

How much should you take?
For omega-3s, Dr Tyagi suggested:

e Adultsneed 1.1to 1.6 gramsper day of ALA, a
tablespoon of ground flaxseeds, or 1.5 tablespoons
of chiaseeds.

e For EPA and DHA, the optimal doseis250-500
mg/day, or two weekly servingsof 100-150 grams
of fatty fish.

e Somecardiovascular disease patientstakenomore
than 1,000 mg/day infish oil capsules.

For omega-7s, he added:
e Withorwithout regulation, thereisabasisfor 100
to 420 mg/day palmitoleic acid.

e Itisbesttolerated with 1tsp (5 ml) seabuckthorn
oil or 1 serving (2025 grams) macadamianuts.

e  Seabuckthorn capsulesarereadily availableand
accessibleinIndia

Omega-3 vsomega-7

Accordingto Dr Tyagi, “ Omega-3ssupport thefunction
of thebrain, heart, and joints, whileomega- 7sand their
associated metabolic efficiency are connected to our
skin and reduce inflammation. Omega-rich foodslike
fatty fish, flaxseeds, seabuckthorn oil, or macadamia
nuts, and sometimes structured supplementsof abetter
quality areincreasingly being organised to even have
the scopeto facilitate the health outcomes of Indian
consumersto promotetheir long-term health. The best
pieceof adviceistotak toamedica professona about
your own medical needsand supplements.”

Source TheHindustan Times
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FENNEL SEED ESSENTIAL OIL

I ntroduction :

Sinceancient times, fennd hasbeen used asanarométic
and therapeutic herb toflavor liqueurs, breads, salads,
fish, and cheeses. The seeds of thisextremely fragrant
herb are used to flavor baked goods, beverages, and
herb combinations. One can eat the seeds, |eaves, and
stems. Fennel seed hashigh levelsof carbohydrates,
moigiure, protein, fat, dietary fiber, cacium, phosphorus,
iron, salt, potassium, and vitamins. Fennel seedshave
1-4 percent essential oil and 20 percent fatty oil. The
primary componentsof essential oil arefenchoneand
trans-anethole.

TheApiaceaefamily includesthe ancient spice plant
fennd (Foeniculumvulgare Mill), whichisregarded as
oneof themost sgnificant medicina herbsintheworld.
Thewell-known perennid plant F. vulgareisindigenous
tothe Mediterranean region. Itisutilized to prepare
herbal drugs and is being utilized for a range of
respiratory, gastrointestinal, and hepatoprotective
conditions,

Essentia oils(EOs) arethemain congtituents of fennel
seedsand are being used asflavoring agentsin various
foods, cosmetic, and pharmaceutical products.
Estragole (methyl chavicol) wastheprimary chemical

component of fennel seed EOs. It isfarmed for profit
inRussia, India, China, and Japan.
Botanical Name

FoeniculumwulgareL. It isaflowering plant species
inthecarrot family, Apiaceae.

Harvesting and Extraction

Harvesting and extraction of fennel seed essentid ail
involves gathering mature seeds just as they turn
brownish-green, drying them, crushing the hard outer
shells, and processing them viasteam distillation or
solvent extractiontoyield apaeyellow, aromatic oil.

Harvesting Process

Timing: Gather seed headswhen they flatten and turn
from green to abrownish color, but beforethey fully
shatter or drop.

Cutting: Snip entire seed head stems carefully in
themorning or over acollection container to prevent
seed | oss.

Drying: Placethecut stemsor gathered seedsinside
apaper bag inawarm, dry, well-ventilated areafor
14 daysuntil fully dry.

Cleaning: Separate the dried seeds from any
remaining plant debrisor dirt before processing.

Extraction Methods

Crushing: Gently crush or grind thedried fennel
seedsright before processing to break thetough seed
coat and maximizevoldileoil release.

Steam Distillation (Commercial Standard): Pass
hot steam through the crushed seedsin astainless
steel chamber; the vaporized oil and steam travel
through acooling condenser wherethey liquefy and
separatefrom thearomatic water (hydrosol). Typical
yieldsrangefrom 2% to 4%.

Solvent or Alternative Extraction: Utilizeorganic
solvents (like acetone or hexane via Soxhlet
apparatus) or advanced methods like supercritical
CO, for higher recovery rates (up to 6%), though
steam distillation remains preferred for pure
therapeutic grades.

Advanced Extraction Techniques: New
extraction techniques, such as supercritical fluid
extraction (SFE), microwave-assisted extraction
(MAE), and ultrasound-ass sted extraction (UAE).
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Essential Oil Content and Composition : The
essential oils of dried fruits were extracted by
hydroditillation method using Clevenger gpparatus, and
analyzed by GC andGC-MS. Theessentia oil content
of fruitswere 1.31, 1.18, and 1.26 %, at pasty, waxy
and full ripening stages,respectively. The main oil
componentsat different fruit maturity stageswerefound
to betrans-anethol (84.1-86.1 %), fenechone (7.13 -
8.86 %), limonene (3.0 - 3.3 %), and methy| chavicol
(2.5- 2.7 %).

Benefits And Uses

Fennel essential oil hasbeen used for centuriesfor a
number of health concernsduetoitslicoriceflavor and
aroma. Thisisasogood for usefor culinary purposes
and beneficid for promoting better digestivehedthand
respiratory health. Fennel natural essential oil isone of
thebest naturd essentidsfor skindigetion. Itsdidtinctive
and sweet scent makesit the perfect natural product in
aromatherapy. Fennel essentia oil weight lossisalso
effectiveto produce better resultsif you have gained
weight unexpectedly.

Fennel Essential Ol for Skin: Fennel seed essential

oil containsanti-inflammatory propertiesthat makeita
robust product to sootheand calm your skin. It shelpful

tomakeyour skin hedthier. Fennd Essentid Oil for skin
care possessesactive compoundslikeanethol, limonene,

and chavicol that makeit good tolift theskin, aswell as
minimizeporesand even out imperfections. Meanwhile,

thisnatural essential oil hasanti-aging propertiesand
works effectively to deal with the epidermis to
strengthen, protect and re-energize skin. Thisisalso
great for face againgt environmentd stressorslike—UV
RAY S, toxins, and pollutants. Fennel essentid oil isone
of thefinest natural productsgood for premature skin
aging and protectsthe skinfromfreeradicals. Fennel

essential oil hormones can balancethe hormonesto a
certain degree where they would deliver theintended
results.

Use: Calming and soothing topical effectsof Fennel
Essentid Oil makeit best for applying directly tothe
Skin. Incaseyou’ vesengtiveskinthenyou candilute
the Fennd Oil withthebest carrier ail likefractionated
coconut oil to avoid any typeof skinirritation

Fennel Essential Oil for Hair

Fennel Essential Oil contains the antioxidant and
antimicrobia propertiesthat makeit the perfect natural
product for hair growth, dandruff, scalpitchiness, hair
breakage, and hair fall. Fennel Essentia Qil offersyou
lotsof hair benefitsandislisted asoneof thebest natural
essentid oilsfor hair whereit' sgreat to ded withcdlulite.
Fennd’snutritional value makesit effectivefor skinas
well asfor hair problems. Fennel seeds contain the
necessary nutrientsincluding —cal cium, phosphorus,
magnesium, iron and vitamin Cwhereall thesework
effectively to prevent hair loss.

Fennel Seed Essential Oil for Relaxation:

Thereareso many natural essentia oilsfor relaxation,
anxiety and depressionissues. But Fennd Essentid Oil
hasitsown significance. Thisnatura essentid oil offers
you maximum benefitsin the context of low mood, day-
to-day stress, etc. Itsaromamakesthispossible.

Use: To get the relaxation, you need to combine
onedrop of fennel volatileoil with an appropriate
amount of essentid oil or carrier oil. Youmay choose
the Lavender essential oil where 2 drops of this
natura essential oil aresufficient. After thisyou can
runthisnatural essentia oil onyour neck, chest and
onyour hands. Now take deep breathsslowly. In
addition to the above way, you can usethis Fennel
essentid oil inaDiffuser.

Promote Healthy Metabolism

Fennel essential oil isquite effectivefor promoting
hedlthy metabolism, liver functionand circulation. This
natura essential oil isanexcellent natural product for
thelung'shealth aswell astherespiratory tract.

Use: To promote healthy metabolism, it'sgood to
know how tointakethefennel seed essentid oil. For
this, you need to add 1-2 drops of Fennel essential
oil inthewater or another beverage.

Compiled by:
Dr. S Adhikari
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LAUGHAND LOUD

Q. Whatdoyou cal anacid with an attitude?
A. A-mean-oAcid
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Q. What typeof fishismade out of 2 sodium atoms?
A. 2Na
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Q. Why areHdium, Curium, and Bariumthemedical
elements?

A. Becauseif you can't heal-ium or cure-ium, you
bury-um. A science teacher tells his class,
Oxygenisamustfor breathingandlife. 1t w as
discoveredin 1773. A blonde student responds,
Thank God | was born after 1773! Otherwise |
would havedied without it.

kkhkhkkkhhkkkhkhhkkhkhhkkhkhkkk*k

Q. How doastronomersorganizeaparty?

A. They areaplanet.

kkhkhkkkhkkkhkhkkhkhkkhkkhkkkk

Sherlock Holmesand Dr Watson went on acamping
trip. After agood meal and abottle of wine, they laid
down for thenight, and went to deep. Somehourslater,
Holmesawoke and nudged hisfaithful friend Watson,
look up at the sky and tell mewhat you see. Watson
replied, | seemillionsand millionsof stars. What does
that tell you? Watson pondered for a minute.
Astronomically, it tellsmethat there are millions of
galaxies, and potentially billions of planets.
Astrologically, | observe that Saturn is in Leo
Horologicaly, | deducethat thetimeisapproximately a
quarter past three. Theologically, | canseethat Godis

all powerful and that we are small and insignificant.
Meteorologicaly, | suspect that wewill haveabeautiful
day tomorrow. What doesit tell you? Holmeswassilent
for aminute, then spoke.|t tellsmethat someone has
stolen our tent.

kkhkkkkhkkkhkkkhkkkhkhkkhkkx

Q. What doyoucal aguy who'sreally loud?
A. Mike.

kkhkkkkhkkkhkkkhkkkhkhkkhkkx

Q. IsGooglemaleor femae?

A. Femae, becauseit doesn'tlet you finishasentence
before making asuggestion.
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DON'T GET HYPER
by R.C.ARORA (Ex. Manager Q.C. - SF.F.l., New Delhi)

Thesedays, hypertensionisavery common problem.
Itisalifestyledisorder - not something dueto afaulty
lifestyle. Hypertension can vary depending upon
different personality types. People with
apitta personality, for instance, who suffer from
hypertension, are usually proneto headaches, red eyes
and digestive problems.

Inthe kapha kind of hypertension, we seethat people,
bes des having high blood pressure, will aso beobese
and proneto high cholesteral.

In the vata kind of hypertension, wefind that blood
pressure keepsfluctuating and isconnected to stressful
situations. These people also have problemssleeping
and suffer fromgas.

You can use an integrated method to manage
hypertension.

Nutrition

Themainemphasisisonavoidingfoodsthat promote
high blood pressure and replacing them with foods
that lead to anormalising of blood pressure. Avoid
non- vegetarian options, eggs, al cohol and tobacco.

Foods that help during an attack of high blood
pressure are vegetablejuices- both raw and fresh
juicescontaining pardey, celery, spinach, carrot and
raw potato. Theseingredientsact at many levelsin
thecirculatory system to decrease blood pressure.
Firgtly, they helpto ba ancethe calcium, sodiumand
potassium levelsof the bodly.

Thesesdtshave akey influencein normalising the
flexibility of theblood vessels whichultimatdy helps
inthelowering of blood pressure.

Many research papers have also proved that
consuming acloveor garlic daily hasabeneficial
effectinlowering blood pressure. Amla, inany form,
isasobeneficid. Other foodsthat arehd pful include
watermelon seeds and khus khus seeds - these
should becrushed, mixedwith alittlemilk and taken
at night withan apple.

During an attack of high blood pressure, one must
restrict the quantity of food and at night, just have
an applewith aglassof skimmed milk towhichthe
crushed seeds have been added.

Pranayam and Yoga

Yogaisexcellent whenit comesto controlling high
blood pressure. You can do thefollowing pranayams
- anilomvilom, sheetdi, ujjayi and brahmbari - to
manage episodes of high blood pressure. Omkara
meditation - chanting “ Om” - isapowerful way to
control your nerves.

Lifestyle Therapies

Chamomileteaand chamomileoil arevery relaxing
for sufferers. Lavender oil can aso beapplied on
the pulse pointsat night beforeyou goto deep, and
inhded.
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A commitment for a better tomorrow

' Testing Facility

Testing Facility

Reliable Testing
Largest Scope
Highly Qualified &
-Competent Team
24x7 Services

Calibration Services

Accuracy
Precision
Reliability
On-Site Services

Proficiency Testing
Provider (PTP)

High Quality PT Items
Comprehensive Report
Frequency

Cost Effective

R&D and Training

Cutting Edge Research
Tailored Solutions
Experienced Faculty
Globally Competitive

RMP

Competency
Quality Assurance
Traceability
Economical

Inspection &
Auditing

Inspection:

IAF Scope 03, IAF Scope 30
HRAA:

Food Establishments
Sweet Shops Bakeries, and
Meat Retail Stores

Third Party Audit:
Cereals & Products, Edible
Qil, Oil Seeds & Fats, Tea,
Coffee, Sugar Spices & Products
Alcohol, Food Catering

NABL accredited (ISO/IEC 17025:2017) and
recognized by FSSAI, EIC, APEDA, Tea Board, IOPEPC
& AERB. We offer world class state-of-the-art
infrastructure in the space of Chemical, Biological,
Radiological, Mechanical & Electrical fields of Testing.
The thrust matrices covered are Food, Water,
Environment, Petroleum Products, Packaging
Materials, Soaps & Detergents, Cosmetics and many
more.

Calibration Services

FARE Labs provides NABL accredited (ISO/IEC 17025:2017)
Calibration services in the following areas:

Temperature: 196 to 3000; Humidity: 10 % to 95 % RH Fixed
Point Primary Standard: BPLN2, TP Hg, TPW, Ga, SN, Zn, Al.
Electro-Technical: AC/DC Voltage- 10 pV to 100 kV, DC
Current- 1uAto 2000 A, AC Current- 10 pA to 6000A, Power &
Energy

Primary Standard, Mechanical, Viscosity- 1cSt to 70000 cSt,
Density- 0.6 g/ml to 1.95 g/ml Mass- 1 mg to 1000 kg, Volume- 1
Jlto6500kl, Sound- 94 dB & 114 dB @1kHz,

Dimension: Vision Measuring Machine, Profile Projector, Test
Sieve, Gauge Block Fluid Flow: 0.6 m/s to 20 m/s, 5 LPM to 60
LPM, 0.6m3/min. to 1.5 m3/min., 5m3/hr. to 1080 m3fhr.
Calibration of Medical Devices: Discharge Equipment /
Devices, Imaging / Plotters, Monitoring Units, Patient
Conditioning/ Maintenance

Proficiency Testing Provider (PTP)

Accredited as per ISO/IEC 17043:2023 by NABL, for
both Testing & Calibrations, FARE Labs is one of the top
National PT Providers serving both National and
International customers. We offer need-based and
focussed PT Schemes for forthcoming regulations. We
maintain International Quality at domestic prices.

R&D and Training

Recognised by DSIR and crowned with Industrial
Patents we offer cutting edge R & D facilities to the
industries. The thrust areas are Product Development,
Process Development and Technology Development.
We carry out contract research for overseas
organizations as well. We offer tailor-made hands-on
training in various testing and calibration areas to
Government/Non-Government Organizations and
Corporates.

Reference Material Producer (RMP)

Certified Reference Materials (CRM) are crucial and
integral part of testing as these are used to confirm the
identity of the products with appropriate metrological
traceability. CRMs are also used to validate the
analytical methods and calibration of equipment. The
production of CRMs requires stringent conditions and
need to be certified with traceability.

Inspection & Auditing

FARE Labs Pvt. Ltd. is an accredited Inspection Body (IB) as per
ISO/IEC 17020:2012 by NABCB, QClI, India for IAF Scope 03
and 30. We undertake inspections of food establish asper
the Regulatory Guidelines.

FSSAI/QCI have recognized FARE Labs as Hygiene Rating
Audit Agency (HRAA) for Food Service Establishments. FSSAI
has also recognized FARE Labs as Third Party Food Safety
AuditAgency.

Choosing FARE Labs for Third Party Food Safety and Hygiene
Rating Audits ensures adherence to industry standards,
enhanced consumer trust and dependable certification,
safeguarding both consumer health and regulatory compliance.
We have a panel of most diversified and experienced team of
Auditors that can deliver better & detailed Audit Reports to
ensure the Regulatory Requirements
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