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Dear Friends,

Aswe step into 2025, thelipid science community stands at aremarkabl e crossroads of
technol ogical innovation, new product devel opment and sustainability. Thisissueof Lipid
Univer se reflects the dynamic frontiers our industry continues to explore for a greater
satisfaction of consumer, industries and other stake holders.

Fromtheextraordinary world of Black Soldier Fly larvaeoil, atruemarve of bioconversion,
may betailored to explore similar opportunitiesin India, and it can be an important tool
in India's ambitious biofuel journey. The articlesin thisissue underscore that the future
of lipids extends far beyond the kitchen and into energy, medicine, and environmental
stewardship.

The trade landscape is equally eventful. Shifting geopolitical currents - from Chinese
tariffs on Canadian rapeseed to Pakistan's agricultural transformation through Chinese
technology - are reshaping global oilseed flowsinwaysthat demand our close attention.

On the health front, the growing science around omega-3 and omega-7 fatty acids, the
promise of theobromine in cocoa, and plant-based innovations like sunflower protein
remind usthat lipids remain central to human wellness.

I am hopeful about the depth the depth of knowledge this issue brings to our readers -
researchers, industry professionals, and enthusiasts alike.

Stay curious. Stay connected.

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

You have heard of many oils, but haveyou heard of Larva oil; whichisproduced from
Black soldier flies. They born through afour-stagelife cycle - egg, larva, pupaand
adult - starting when afemalelaysroughly 500-900 eggs near decaying organic matter.
Theeggshatchin 3-4 daysinto larvae, which consumewaste rapidly for about 14-18
days, then pupate and emerge asadultsin 1-2 weeksto mate, completing thecyclein
45 days.

TheBlack soldier fly isnot apest, apower-house of bio-remediation. Through aprocess
known as bio-con version, the larvae shows benifitsin two distinct high value areas:
reducing volume of organic waste, and producing oil. The larvae transform the
decomposing wasteinto high quality biomassrichin protein and fat/oil, all thewhile
reducing thewaste volume by upto 80%. Thisconversion of wasteinto proteinandlipid
can replace fish meal and soybean meal.

Thelarvaeoil isrich in medium chain saturated fatty acids, particularly lauric acid
which makesitideal for producing high -quality biodiesdl that meetsinternational fuel
standards. The study showsthat the high temperature agueous extraction isthe best
extraction method than other sovent methodswhichyieldshigher oil content.

Indiaisaggressively pursuing a5% biodiesel blending target by 2030 to curb crude
importsand emissions, focus ng on non-edible oilsand waste-to-energy projects, while
targeting 20% ethanol blending by 2030. However, the sector faces critical bottlenecks
: incong stent feedstock availability, high production costsrelativeto conventiond diesd,
limited logisticsfor used cooking il (UCO) collection, and technological challengesin
large-scaleconversion.

Thisissuealso includestrade news, important PSD (production, supply and demand)
dataof oilseedsand their productsalong with the health news. Recently, Omega-5s
like Omega-3s, are fatty acids known as punicic acid which is a long chain
polyunsaturated fatty acid foundin certain seed oilslike pomegranates. Punicic acid's
antioxidative and anti- inflammatory effectsare being explored for the prevention and
treatment of neurodegenerative diseases. Reports say, moreresearch isneeded for an
optimal dosagefor health benefits.

Geranium essential oil isprized for itsability to balance sebum productionin both oily
and dry skin, provide soothing anti-inflammatory support, and offer natural antimicrobial
protection.

The Theobroma Cacao plant, historically revered as the "food of the gods' in the
confectionary industry. Thetheobromine, abitter alkaloid present in the cacao plant,
that actsasapowerful bioactive compound, offering numerous hedlth benefitsto humans,
including cardiovascular protection, potentia anti-aging effects, and mood enhancement
when taken dark chocolate at the dose of 300-600 mg.

Yourstruly

Dr. S. Adhikari
Editor
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Abstract

Background and Aim: Hermetia illucens, ablack
soldier fly, is widely recognized for sustainable
recycling of organic waste. Black soldier fly larvae
(BSFLs) can consume varioustypesof biowastesand
convert them into nutrient-rich biomass, including
proteins, lipids, chitin, and minerals. This study
investigated the best extraction method by comparing
the fatty acid profiles, percentage yield, and
antioxidant properties of BSFL oil extracted using
different extraction methods.

Materials and Methods: The physicochemical
properties, fatty acid profile, and free radical
scavenging ability of BSFL oil wereanalyzed using
Six extraction methods.

Results: Ultrasonic extraction with hexane resulted
in the highest yields compared with different
extraction methods. Lauric acid (28%—37%) wasthe
most abundant fatty acid in all extracts, followed by
palmitic acid, myristic acid, oleic acid, and linoleic
acid. Compared with other methods, aqueous
extraction showed the highest lauric acid composition
and free radical scavenging activities. In addition,
high-temperature agueous extraction resulted in
higher oil yield and freeradical scavenging activities
than low-temperature extraction.

Conclusion: High-temperature agueous extraction
isthe best extraction method becauseitisrichin
lauric acid, has antioxidant ability, and can befurther
devel oped to produce novel sustainable biomaterias
for humansand animals.

K eywor ds: black soldier fly, extraction method, fatty
acid, Hermetiaillucens.

I ntroduction

Antioxidants play animportant rolein freeradical
scavenging bothinvivo and invitro [1]. Antioxidant
substances can be found in various food products,
such asvegetables and oils, and their consumption
can reducetherisk of chronic diseases[2]. Theuse
of synthetic antioxidants such as butylated
hydroxytolu-ene (BHT), butylated hydroxyanisole,
propyl gallate, and citric acid in food processing has
recently led to an increased occurrence of sdeeffects
(e.g., carcino-genesis) [3]. Thus, there has been an
increasein the number of studiesfocusing on natural
antioxidants over the past decade [4]. The black
soldier fly, Hermetia illucens L. (Diptera:
Sratiomyidae), specifically the black soldier fly
larvae (BSFL ), hasreceived increased attention from
scientistsbecause BSFL can consumeadiverserange
of organic waste materialsandisof nutri-tional benefit

LIPID UNIVERSE

Volume-13, Issue-1 (January-March, 2025)



[5]. The nutritional composition of BSFL depends
on therearing substrate; in general, it contains 40%
protein and 30% fat on a dry matter basis [6, 7].
However, nutritional biomass can vary depending on
thetypeof growing substrate[8]. Natural oilscontain
variousimportant fatty acidsand are extensively used
in cosmeticsand skin treatmentsworldwide[9]. Qil
quality primarily dependsonitsfatty acid composi-
tion[10]. Previousstudies havefound that BSFL ail
isrichin saturated fatty acids (SFAs), mainly lauric
acid [11, 12], which exhibits antioxidant,
antibacterial, anti-viral, antifungal, and anticancer
properties [7, 13, 14]. These observations are in
agreement with those of arecent study showing that
BSFL oil hasantioxidant activitieswithout causing
toxicity in Artemia salina[11]. Moreover, broiler
chickens fed with BSFL oil exhibited improved
immuneand antioxidant functionsintheblood plasma
[15]. Fatty acid profiles, extraction yields, and
antioxidant properties of oilscan vary depending on
the extraction method employed [16].

Conventional oil extraction processesinclude solvent
extraction, mechanical pressing, and aque-ous
extraction[17]. Solvent extraction (e.g., hexane[H]
and ethanol [E]) hasahighoil yield and easy recovery
[18]. However, the use of these organic sol-vents
hasled to increased concerns about their impact on
general health and environmental protection. For
example, H isreleased into the environment to form
ozone and photochemicals[17]. H and E arereadily
solubleinneura lipids[17, 19]. Moreover, several
studieshaverevealed that H and E inhal ation affects
the neural system. Because of these health, safety,
and environmental concerns, there hasbeen asearch
for sub-stitutesfor organic solvents. Other alternatives
include much simpler and safer methodsthat involve
fewer steps, such asthe mechanical pressing method
[20]. However, drawbacks such asrelatively high
energy demand and low efficiency make the
mechanical press-ing method less popular [21].
Aqueous extraction is an eco-friendly alternative
processthat eliminates the use of organic solvents
and requires lower investment costs and energy
demand [18]. Therefore, aqueous extraction is
gaining popularity to obtain high-quality oils, such as

palm oil, peanut oil, and larval oil [11, 21, 22].

Therefore, this study aimed to investigate the best
extraction method by comparing the fatty acid
profiles, percentageyield, and antioxidant properties
of BSFL oil extracted using different extraction meth-
ods. In addition, we update the fatty acid profiles of
BSFL oil. Thefindings of this study could be used
for the production and development of dietary
products and sustainable biomaterials.

Materials and Methods
Ethical approval

Theresearch conducted adhered to the Guidelines
for the Care and Use of Laboratory Animals. The
eth-icscommittee of Kasetsart University Research
and Development Institute, Kasetsart University,
Thailand, approved thisstudy (ID: ACKU66-SCI -
021).

Sudy period and location

This study was conducted for eight months
(November 2022 to June 2023). BSFL was culti-
vated on adomestic farmin Pathum Thani Province,
Thailand. The physicochemical and free radical
scavenging ability of BSFL oil were conducted at
Department of Zoology, Faculty of Science,
Kasetsart University. Thefatty acid profile of BSFL
oil analysis was conducted at Department of
Chemistry Faculty of Science, Kasetsart University.

Reagents

2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,22 -
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTYS), ethyl acetate, and ethyl alcohol were
obtained from MilliporeSigma (Burlington, MA,
USA) and Thermo Fisher Scientific (Watham, MA,
USA), respectively. Potassium persulfate was pro-
cured from PanReac A ppliChem (Barcelona, Spain).
H was purchased from Macron Fine Chemicals
(Radnor, PA, USA). All reagents and chemicals used
wereof analytical grade.

BSFL cultivation and preparation

BSFL was cultivated on adomestic farm in Pathum
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Thani Province, Thailand. Larvaewereraisedin 60
x 40 x 10 cm plastic containersin controlled envi-
ronments (28 + 2°C onal2-hlight/12-h dark cycle)
Larvae were fed amixture of coconut endosperm
and soybean curd residue in a 50:50 ratio at a
humidity of 70% [5]. The BSFL prepupa obtained
from the culture was sieved and washed to remove
any feed. The BSFL preparationswere then frozen
and kept at —20°C until the experiment was
performed.

Sampleswere prepared using the method described
by Krzy¢aniak et al. [23]. Briefly, to stop the
browning reaction, the frozen BSFL prepupawas
blanched in boiling water for 35 s. Subsequently, the
larvae were thinly spread on an aluminum tray (500
g larvae per tray) and baked under convective hot
air. Baking was performed at 65°C for 6 hto ensure
that the larvae achieved full dryness and were
subsequently crushed in agrinder. Crushed larvae
werethen placed in Ziploc bags and stored at 20°C
until use.

Oil extractions
Aqueous extraction using a magnetic stirrer

Aqueous extraction with a magnetic stirrer was
performed based on the method described by
Yashashri et al. [24] with dight modifications. In brief,
70 g of crushed larvae was extracted with 195 mL
of distilled water in abeaker with amagnetic stirrer
for 15 min. Thissetup wasrun at 45°C (M45), 65°C
(M65), and 95°C (M95). The extract was
centrifuged at 2200x g for 15 min. Thelipid layer
formed at the top was col-lected, weighed, and
stored at room temperature until further analysis.

Mechanical pressing and extraction

Mechanical pressing extraction (M) was per-formed
based on the method described by Rabadan et al.
[25] with slight modification; extraction was
performed using a Stainless Steel SUS304 single
screw press (Siam Wealth Food, Co. Ltd.,
Nonthaburi, Thailand). Thedried BSFL was pressed
using a rotat-ing screw press at an extraction
temperature of 150°C. The maximum machine

capacity load was 5 kg/h. The extracts were
collected, weighed, and stored at room temperature
for further analysis.

Ultrasonic extraction using an organic solvent

Ultrasonic extraction with organic solvents was
performed according to the method described by
Almeida et al. [11] with slight modifications.
Extraction was performed using n-H and E organic
solvents. Crushed larvae (70 g) in 195 mL of solvent
were subjected to a15-min cold ultrasonic treatment
(Cole-Parmer, Vernon Hills, IL, USA) beforetimed
agitation. Subsequently, the extract was centrifuged
at 2200x g for 15 min. We collected theliquid layer
at thetop and removed the solvent on arotary vac-
uum evaporator (R-215, Buchi, Bangkok, Thailand)
at 50°C. The obtained extracts were collected,
weighed, and stored at room temperaturefor further
anayss.

Physicochemical properties
Extraction yield (%)

The amount of oil extracted through each method
wasweighed to calculate the extraction yield using
Equation 1.

Extractionyield (%) = (Oil weight/Sample weight)
x 100 (1)

Color intensity

The color intensities of the oil samples were
determined using an Ultraviolet—vis spectrophotome-
ter (Spark™ 10M, TECAN, Mannedorf,
Switzerland). Oil was placed in a96-well plate, and
absorbance was recorded at a wavelength of 425
nm. Each samplewas analyzed inftriplicate.

Fatty acid composition

Following the method of Buthelezi et al. [26] with
dight modifications; Fatty acid methyl ester (FAME)
analysis was performed using a gas chro-
matography-mass spectrometer (GCM S-QP2020,
Shimadzu, Kyoto, Japan) with afatty acid methyl
ester column (ZB-FAME, Zebron, Newport Beach,
CA, USA) withalength of 30 m, aninternal diameter
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of 0.25 mm, and astationary phasefilm thickness of
0.20 ?m to determine the fatty acid compositionin
the BSFL oil. OneiL of the derivatized samplewas
injectedin split modeat asplit ratio of 1:50 using He
(99.999%) asthe carrier gasat aconstant flow rate
of 1 mL/min. Theinjector and interface temperatures
were set to 240°C and 260°C, respectively. The
oven temperature was programmed from 40°C to
150°C, then 2°C/minto 170°C, and held for 7 min,
then ramped at a rate of 10°C/min to 200°C,
increased to 240°C at 20°C/min, and kept again for
2mintoeuteany remainingimpurities. Thetotal run
timewas 35 min, and thefatty acidswereidentified
by compar-ing their retention times with those of
authentic stan-dard fatty acid methyl esters. An
el ectronionization system with anionizing energy of
70 eV and an ion source at 240°C was used for
GC/M S detection.

Freeradical scavenging activity of the BSFL oil
DPPH radical scavenging assay

The DPPH assay was performed on the basis of the
method described by Srisuksai et al. [27] with dight
modifications. If a hydrogen atom or electron is
transferred to the DPPH radical (DPPH), then the
absorbance at 517 nm decreases proportionally to
theincrease in the number of non-radical forms of
DPPH. Briefly, 50 ?L of each BSFL oil extracted
using differential methodswas added to 150 ?L of
DPPH in ethyl acetate (150 ?M). The absorbance
at 517 nm decreased proportionally with anincrease
in the number of non-radical particles. After vortex
mix-ing, the mixture was incubated at room
temperature for 30 min, and absorbance was
measured at 517 nm. BHT was used as a positive
control, and all samplesweretestedintriplicate. We
documented the differ-encesin the absorbance of
each oil, BHT, and control (DPPH only). Radical
scavenging activity was cal cu-lated asthe percentage
inhibition using thefollowing equation:

% inhibition =[(control test)/control] x 100  (2)

Thehalf-maximal inhibitory concentration (IC_) was
determined asthe oil concentration that elicited a
50% decrease in absorbance compared with the

control.
ABTSradical scavenging assay

The ABTS assay was performed on the basis of the
method described by Gonzalez-Palmaet al. [28],
with slight modifications. This assay is based on
decolorization, which occurswhen theradical cation
ABTS+ isreducedtoABTS. Briefly, 7mM ABTS
solution and 2.45 mM potassium persulfate solution
were used asthe stock solutions. Theworking solu-
tion wasthen prepared by mixing equal quantities of
the two stock solutions and allowed to react for 16
h at room temperaturein the dark. After incubation,
the solution was further diluted at water: E ratio of
(1:1) until aninitial absorbancevalueof 0.7 0.1 at
734 nm was achieved. Fresh ABTS solution was
prepared for each assay. BSFL oil extracted using
various meth-ods (20 ?L) was allowed to react with
180 ?L of the ABTS solution, and absorbance was
measured at 734 nm after 60 min using a
spectrophotometer. BHT was used as a positive
control, and all samplesweretestedintriplicate. We
documented the differences in the absorbance of
BSFL oil extracted using various methods, BHT, and
control (ABTSonly). Radica scavenging activity was
calculated as the percentage inhibition using the
following equation:

% inhibition =[(control test)/control] x 100  (3)

The half-maximal 1C50 was defined as the con-
centration of oil that elicited a 50% decrease in
absor-bance compared with the control.

Satistical analysis

Statistical analyses were performed using the R
Statistical Software (v4.1.2; R core team, 2021,
https.//www.r-project.org/) [29]. Dataare presented
asmean standard deviation. All datawere analyzed
using aone-way analysis of variance followed by
Tukey’s post hoc test. A p = 0.05 was considered
satistically significant.

Results
Physicochemical propertiesof the BSFL oil
The percentageyieldsof BSFL oil obtained through
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various aqueous extractionswith mag-netic stirrers
(M45, M65, and M95), M, ultrasonic extraction with
H, and E were 1.11 + 0.55, 3.15 + 0.63, 5.86 +
0.90, 16.82+ 2.58, 21.19 + 1.40, and 14.52 + 2.46,

95 M H E

Figure-1: Yield obtained from different extraction methods.
Values with a different letter above the bar differ
significantly (p < 0.05). M45=aqueous extraction with a
magnetic stirrer at the temperature of 45°C, M65=Aqueous
extraction with amagnetic stirrer at the temperature of 65°C,
M95=Aqueous extraction with a magnetic stirrer at
temperature of 95°C, M=Mechanical pressing extraction,
H=Ultrasonic extraction with hexane, E=Ultrasonic
extraction with ethanol.

25.00-

20.00

15.00 -

Yield (%)

10.00

5.00-

- l

M45 M65

0.00-

M

1.60 -

1.40 -

1.20

1.00

0.80

0.60

0.40

Color intensity (OD at 425 nm)

0.20

0.00 -

M45

Me5  M95 M H E

Figure-2: Color intensity of BSFL oils extracted using
various methods. Values with a different letter above the
bar differ significantly (p < 0.05). M45=Aqueous extraction
with a magnetic stirrer at temperature of 45°C,
M65=Aqueous extraction with a magnetic stirrer at
temperature of 65°C, M95=Aqueous extraction with a
magnetic stirrer at temperature of 95°C, M=Mechanical
pressing extraction, H=Ultrasonic extraction with hexane,
E=Ultrasonic extraction with ethanol, BSFL=Black soldier
fly larvae.

respectively (Figure-1). When com-pared with the
other extraction methods used in thisstudy, extraction
with H gavethe highest yield.

The color intensity after BSFL oil extraction using
various methodsindicated that the extracted samples
exhibited ayellow color when compared with the
blank value (Optical density = 0.0480). Theyellow
color intensity of theoil obtained usingtheM and E
methods was significantly higher than that obtained
using the M45, M65, M95, and H methods (p <
0.05; Figure-2).

Fatty acid profilesof BSFL oil

Fatty acid profiles of BSFL oil extracted usingthe E
method had significantly higher levelsof total SFAs
than those extracted using the M45, M65, M95, M,
and H methods (p < 0.05; Table-1). In addition, oil
extracted using the E method had significantly lower
levelsof total monounsaturated fatty acids (p < 0.05;
Table-1). However, the BSFL oil extracted using the
E method did not have atotal polyunsaturated fatty
acid (PUFA) content. The total PUFA content in
BSFL oil extracted using the M95 (13.81 + 0.60%)
and M (12.97 + 0.85%) methodswas significantly
higher (p < 0.05) than that extracted using the M 65
(9.36 £ 1.58%). The unsaturated fatty acid (UFA)/
SFA ratioin BSFL oil extracted by theM95 (0.48 £
0.01), M (0.48 + 0.01), and H (0.45 = 0.03)
methodswas significantly higher (p < 0.05) than that
extracted by the M65 (0.36 £ 0.05%) and E (0.01
+ 0.00) methods (p = 0.05).

Free radical scavenging activity of BSFL oil
using the DPPH assay

Figure-3 presentsthefreeradical scavenging activity
of the BSFL oil extracted using different methods.
Oil extracted using the M45, M65, M95, M, H, and
E methods showed a dose-dependent inhibi tory
effect on DPPH free radical scavenging ability
(Figure-3a). The IC,, (in mg/mL) of BSFL oil
extracted using the M45, M65, M95, M, H, and E
methods, including BHT, was53.28 + 1.88, 104.90
+6.11, 38.24 + 7.79, 9.06 + 0.16, 32.89 + 7.14,
9.59+ 1.64, and 1.53 + 0.08, respectively (Figure-
3b). The DPPH freeradical scavenging ability of the
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BSFL oilsextracted using different methodsand BHT
wasintheorder BHT >M >E>H >M95 > M45
> M65.

Free radical scavenging activity of BSFL oil
using the ABTS assay

Figure-4 presentsthefreeradical scavenging activity
of the BSFL ail extracted using different methods. A
dose-dependent inhibitory effect on the ability to
scavenge ABT Sfreeradicalswas observed for BSFL
oil extracted using the M45, M65, M95, M, H, and
E methods (Figure-4a). ThelC_, (inmg/mL) of BSFL
oil extracted using the M45, M65, M95, M, H, and
E methods, including BHT, was 285.41 + 13.46,
242.17 + 11.88, 146.58 + 17.06, 243.04 + 21.54,
244.87 +14.77,233.51 + 10.07, and 0.19 £ 0.02,
respectively (Figure-4b). Theability of BSFL ailsto
scavenge ABT Sfreeradicaswasintheorder BHT
>M95>E>M65>M >H >M45.

Discussion

Theblack soldier fly isone of the most interest-ing
insects because of its ability to bioconvert organic

wastes, such as agricultural waste, animal farm
waste, and house organic waste, into high biomass
and sus-tainable biological products. Insect
production is inex-pensive and environmentally
friendly, given several feeding sources, high land-use
efficiency, and reduc-tion of greenhouse gasses|[30].
Previous studies have Valuesin the same row with
different superscript lettersdiffer significantly (p <
0.05). M45=Aqueous extraction with a magnetic
stirrer at temperature of 45°C, M65=Aqueous
extraction with amagnetic stirrer at temperature of
65°C, M95=Aqueous extraction with a magnetic
stirrer at temperature of and 95°C, M=mechanical
pressing extraction, H=UIltrasonic extraction with
hexane, E=Ultrasonic extraction with ethanol,
PUFA=Polyunsaturated fatty acid,
MUFAs=Monounsaturated fatty acid,
SFA=Saturated fatty acid, UFA=Unsaturated fatty
acid indicated that BSFL can reduce biomass by 30%—
50%, thereby converting it into high-quality nutrients
that can be used as feed for domestic animals, exotic
foods, and fish and poultry [31, 32].

In the present study, we focused on the BSFL oil

Table-1: Fatty acid composition of BSFL oil analyses through gas chromatography.

Fatty acids Fatty acid composition (%)
M45 M65 M95 M H E
Capric acid (C10:0) 1.01 £ 0.04*> 1,00 + 0.06> 0.92 + 0.05> 0.80 + 0,06 0.86 + 0.03* 1.25 + 0.07°

Lauric acid (C12:0)
Tridecanoic acid (C13:0)
Myristic acid (C14:0)
Pentadecanoic acid (C15:0)
Palmitic acid (C16:0)
Margaric acid (C17:0) -
Stearic acid (C18:0) 2.88 + 0.22¢
Nonadecanoic acid (C19:0) - -

Total SFA

Palmitoleic acid (C16:1)
Petroselinic acid (C18:1 n-12)
Oleic acid (C18:1 n-9)

Total MUFA

Linoleic acid (C18:2 n-6)

69.90 + 1.55° 70.01 £ 5.10°
1.44 £ 0.15* 1.10 + 0.15*
1.26 £ 0.28« 1.83 + 0.46%
14.48 £ 0.96 12.78 £ 1.04
16.76 = 0.40® 15.71 + 0.83°
10.17 £ 0.93* 8.61 + 1.40°

alpha-Linolenic acid (C18:3 n-3) 0.87 £ 0.16%® 0.75 + 0.18°

Total PUFA
Other
UFA/SFA

11.04 £ 1.09% 9.36 + 1.58°
2.30 £0.16 4.91 £+ 3.97
0.40 £ 0.03* 0.36 + 0.05°

34.13 £ 0.47°£32,93 £ 2,78>30.88 + 1.32° 28.39 + 2.17¢29.44 + 0.74%37.82 + 1.03°
0.12 £ 0.07 0.05 £ 0.01
15.81 £ 0.75° 16.13 £ 1.16° 14.22 £ 0.45% 12.46 £ 0.61¢ 13.57 £ 0.32¢ 20.50 + 0.83°
0.15 + 0.01* 0.16 + 0.01%
15.80 + 1.01° 16.54 £ 0.96°
0.14 £ 0.00%®
3.07 £ 0.15«

0.04 £ 0.00 0.04 £0.01 0.07 +£0.05 0.06 + 0.00

0.14 + 0.00¢ 0.18 £ 0.01* 0.15 £+ 0.01« 0.23 + 0.012

14.65 £ 0.55° 16.73 + 0.74® 15.91 + 0.31°23.09 + 0.98°

0.13 £ 0.01®* 0.20 = 0.03%® 0.18 + 0.07%® 0.26 + 0.082

2.75 £ 0.09¢ 3.95 £ 0.15* 3.33 £ 0.04° 4.40 £ 0.182
- - 0.09 £ 0.01 -

63.72 £ 2.44> 62.75 £ 3.71° 63.52 £+ 1.30° 87.62 * 3.14°

1.44 £ 0.24* 0.75 £ 0.03* 0.89 £ 0.27° -

1.14 + 0.20¢ 2.54 + 0.21° 1.74 + 0.25®® 0.57 + 0.22¢

14.10 £ 1.32 13.66 £ 0.36 13.66 + 0.97 -

16.69 + 1.38° 16.95 + 0.60° 16.29 + 0.48° 0.57 = 0.22°

11.89 + 1.54 11.84 + 0.80°*11.08 + 1,222 -

1.24 £ 0.23® 1.13 + 0.06® 1.06 £+ 0.16* -

13.81 £ 0.60* 12.97 £ 0.852 12.14 + 1.372 -

6.46 £ 5,51 7.34 £5.08 8.05+2.76 11.81 + 3.30

0.48 £ 0.01° 0.48 + 0.01® 0.45 + 0.03° 0.01 % 0.00¢

Values in the same row with different superscript letters differ significantly (p < 0.05). M45=Aqueous extraction with
a magnetic stirrer at temperature of 45°C, M65=Aqueous extraction with a magnetic stirrer at temperature of 65°C,
M95=Aqueous extraction with a magnetic stirrer at temperature of and 95°C, M=mechanical pressing extraction,
H=Ultrasonic extraction with hexane, E=Ultrasonic extraction with ethanol, PUFA=Polyunsaturated fatty acid,
MUFAs=Monounsaturated fatty acid, SFA=Saturated fatty acid, UFA=Unsaturated fatty acid
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Figure 3: Freeradical scavenging of BSFL oils extracted using various methods using the DPPH assay. (a) Free radical
scavenging ability. (b) IC, of BSFL oil extracted by M45, M65, M95, M, H, E, and BHT. Values are presented as mean SD.
M45=Aqueous extraction with amagnetic stirrer at temperature of 45°C, M65=Aqueous extraction with amagnetic stirrer
at temperature of 65°C, M95=Aqueous extraction with amagnetic stirrer at temperature of 95°C, M=Mechanical pressing
extraction, H=Ultrasonic extraction with hexane, E=Ultrasonic extraction with ethanol, BSFL=Black soldier fly larvae,

DPPH=2,2-diphenyl-1-picrylhydrazyl.
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Figure-4: Free radical scavenging of BSFL oils extracted using various methods using the ABTS assay. (a) Free radical
scavenging ability. (b) IC_ of BSFL oil extracted by M45, M65, M95, M, H, E, and BHT. Values are presented as mean SD.
M45=Aqueous extraction with amagnetic stirrer at temperature of 45°C, M65=Aqueous extraction with amagnetic stirrer
at temperature of 65°C, M 95=Aqueous extraction with amagnetic stirrer at temperature of 95°C, M=Mechanical pressing
extraction, H=Ultrasonic extraction with hexane, E=Ultrasonic extraction with ethanol, BSFL=Black soldier fly larvae,
ABTS=2,22 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), SD=Standard deviation.

extraction method and demonstrated that it affected
both the percent extraction yield and the physico-
chemical properties of the oil. Organic solvents
commonly used for lipid extractionincludeH, 3:2
H-isopropanol, chloroform, 2:1 chloroform-
methanol, and methyl-tert-butyl-ether [33],
depending on the sample polarity. Organic solvents
can extract different classes of compounds according
to their polarity [11]. This explains the higher
extraction percentage for H and E compared with
the other extraction meth-ods used in this study
(Figure-1). In addition, il extraction with H yielded
higher yieldsthan that with E (Figure-1). H hasa
lower polarity than E [34]. As the polarity of the
solvent decreases, the oil extraction yield increases

[35]. Thisfinding isin agreement with previousstudies
inwhich oil extracted by hexane gave the highest
yield[11, 36, 37].

The BSFL oil obtained using the M and E meth-ods
had ayellow color higher than that obtained using
the M45, M65, M95, and H methods (Figure-2).
Hydraulic compression-producing oil (M method)
showed ayellow cloudy oil, which may be dueto
the pigment content [38, 39]. The high polarity of E
IS capable of extracting nonglyceride components such
as phosphatides, sterols, tocopherols, and pigments
[40]. Thisfinding isin agreement with previous stud-
ies in which E-based solvents appear slightly more
colored [41, 42]. Similar to aprevious study by Wu et
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al. [43], our study found that the color of the BSFL
oil extracted by the aqueous method is clear yellow.
In addition, the clear yellow of oil extracted by the H
method is most likely due to bleaching [39].

Our results showed that SFA s are the major com-
ponent of all BSFL oil extracts (Table-1). Among
the SFAS, lauric acid had the highest abundance, in
agree-ment with previousreports[32, 44], with the
highest yield obtained using E extraction. UFAswere
amost absentinthe BSFL oil extracted with E (Table-
1). A rotary evaporator was used to separate the oil
from the solventsin ultrasonic extraction with organic
solvents. The vacuum pressurefor therotary evapo-
ration of E islower than that for H. Theintermol ec-
ular attraction of UFAsisweaker than that of SFAS,
leading to alower boiling point [45]. Therefore,
UFAsmay evaporate to the bottom of the solvent,
leaving only SFAsinthe BSFL oil extracted with E.
Fatty acid profiles were present in all BSFL oil
extractsin thefollowing order: Lauric acid, palmitic
acid, myris-ticacid, oleicacid, andlinoleicacid [ 11,
32, 44]. Similar to aprevious study by Almeida[11]
and Heet al. [46], our study demonstrated that the
SFAsin agueous extraction were higher than those
inmechan-ical and H extraction. Different fatty acid
composi-tions may be due to oxidation during the
extraction process, extraction techniques, and the
fatty acid structure[39]. In addition, previousstudies
have sug-gested that the extraction method
temperature affectsthefatty acid concentration [47,
48] . High extraction temperatures could trigger the
degradation of free fatty acids into volatile
components [48]. Similar to a previous study by
Mohamed et al. [49], our study found that increasing
temperature reduced the concentration of lauric acid.
However, thefatty acid profile of the BSFL oil also
depends on the substrate used to rear the BSFL [50,
51]. BSFL reared with fermented maize

stover hasthelowest lauric acid content, whereas
BSFL reared with vegetable and fruit waste hasthe
highest lauric concentration [32]. Other studieshave
indicated that a high concentration of carbohydrates
infoods can increasethelauric acid content of BSFL
oil, suggesting that BSFL can metabolize

carbohydratesinto lauric acid [6, 51].

The ability of BSFL oil to scavenge freeradi-cals
was determined using DPPH and ABTS in vitro
antioxidant assays. Similar to aprevious study by
Phongpradist et al. [52], our resultsindicated that
BSFL oil could scavengefreeradicals[52]. In both
the DPPH and ABT Sassays, the BSFL oil extracted
with E had ahigher free radical scavenging ability
than the il extracted using other methods (Figures-
3 and 4). E is highly capable of extracting
nonglyceride com-ponents such as phosphatides,
sterols, tocopherols, and pigments[40]. Previous
studiesby Dos SantosAquilar [53] have shown that
tocopherolsininsect lar-val oil may contribute to
antioxidant capacity by acting asachain-breaking
agent. In addition, compared with the other methods,
BSFL oil extracted by mechanical pressing showed
thehighest freeradical scavenging ability inthe DPPH
assay (Figure-3). To obtain nat-ural oil products, the
pressing method is based only on a mechanical
process [54]. Therefore, the pressing method isa
rich source of phytosterols, tocopherols, carotenoids,
and polyphenolsthat are associated with antioxidant
capacity [55, 56]. According to previous studies, the
pressing method has advantages with regard to the
retention of active components to scav-enge free
radicalsbothinvivoandinvitro[57, 58]. However,
agueous extraction of BSFL oil at 95°C resultedin
higher freeradical scavenging in both DPPH and
ABTSassays compared with agueous extraction at
45°C and 65°C (Figures-3and 4). An earlier study
demonstrated that an increase in water temperature
reduces surface tension and viscosity, whichincreases
thediffusion and masstransfer rates during extraction
[59]. Previous studies have demonstrated that
agueous extraction with boiling water containsmore
antioxi-dant compounds than cool water [60, 61].
Similar to our study, apreviousstudy by Thuanthong
et al. [59] found that increasing the extraction
temperature from 70°C to 80°C leads to higher
DPPH and ABT Sradi-cal scavenging activities[59].
The DPPH scavenging activity wasfound to be higher
thanthe ABTS cation scavenging activity (Figures-3
and 4). Stereosel ectivity of theradicalsor solubility
of theextract in different testing systems could affect
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the capacity of extracts to react and scavenge
different radicals[62, 63].

M ost researchers are looking for new sources of
proteins, lipids, or sustainable biological resources.
A high concentration of lauric acid in the BSFL oil
indicatesits potential use, whichissimilar to that of
coconut oil and palm kernel oil [36]. Several studies
have shown that lauric acid has antibacterial, antivi-
ral, antifungal, and anticancer activities[7, 13, 14].
Moreover, lauric acidiswidely used asaraw materia
for the production of surfactantsinthefood, cosmetic,
shampoo, and pharmaceutical industries[7]. Pamitic,
myristic, oleic, and linoleic acids constituted the fatty
acid profile of the BSFL oil. Several studies have
indi-cated the beneficial properties of fatty acids,
such asmyristic acid, which can function asaskin
penetra-tion enhancer [64] and are used as a
cosmeticingre-dient [32], oleic acid, which regulates
epidermal lipid metabolism [64], palmitic acid and
itsderivativesasemollients, and linoleic acid, which
contributesto thewater impermeability of the stratum
cornel [11].

Conclusion

Although ultrasonic extraction using organic sol-vents
(H and E) yielded the highest ail yields, health and
the environment are of concern. However, aque-ous
extraction yielded the highest amount of lauric acid
compared with other methods. Interestingly, aqueous
extraction at ahigh temperature (M 95) yielded higher
oil yields and free radical scavenging activities
compared with lower temperatures (M45 and M65).
Therefore, we conclude that high-temperature
agueous extraction isthe best extraction method in
thisstudy. The quality of the BSFL oil thus obtained
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TRADE NEWS

Chinese agricultural technology transforms
oilseed harvesting landscapein Pakistan

A farmer usesanewly imported oilseed harvester to
harvest canolaat afield in Pakistan's eastern Bhakkar
district onApril 17, 2024. (Xinhua/Ahmad Kamal)

Chinesetechnology unlocksacrucia opportunity to
transform Pakistan's agricultural landscape, as
advanced oilseed harvesters can swiftly enhance
efficiency and productivity, marking asignificant step
towardsthe country'sgoal of becoming self-sufficient
inedibleail production.

by Misbah SabaMalik, Jiang Chao ISLAMABAD,
April 23 (Xinhua) -- In Pakistan's eastern Bhakkar
district, farmerswereleft in awe asthey witnessed
the newly imported oilseed harvestersfrom China
efficiently and briskly carrying out their tasks.

"In Pakistan, we lose up to 40 percent of our crop
dueto our reliance on asingletype of harvester used
for harvesting al cropsincluding whest, oilseeds, and
others, so seeing such a sophisticated machine
specifically designed for oilseed harvesting istruly
fascinating,” Muhammad Masood, alocal farmer told
Xinhua

While Pakistan isan agricultural-centric economy;, it
reliesonimportsfor approximately 89 percent of its
edible oil needsand spends 3.6 billion U.S. dollars
annualy tofulfill thedemand of around 5 milliontons.

Dueto the high cost of imported edible oil, many
villagers had to resort to cheaper but unhealthy
alternatives such as mustard oil because of the

unavailability of good quality oil seedsin thelocal
market, he said.

Farmerscarry harvested canolaat afield in Pakistan's
eastern Bhakkar district on April 17, 2024. (Xinhua/
Ahmad Kamal)

However, with theintroduction of the Chinese canola
variety into the market under Pakistan-China
cooperation, thelocal farmersfinally got achoice,
the farmer added.

Launched in 2013, the China-Pakistan Economic
Corridor (CPEC) isacorridor linking the Gwadar
Port in southwest Pakistan's Bal ochistan province
with Kashgar in northwest China's Xinjiang Uygur
Autonomous Region, which highlights energy,
transport, and industrial cooperation in the first
phase, whilein the new phase expandsto fields of
agricultureand livelihood, among others.

In linewith the CPEC's cooperation in agriculture,
Chinese company Wuhan QingfaHesheng Seed Co.
Ltd. and Pakistani company Evyol Group signed a
memorandum of understanding in 2022 to help
Pakistan become self-sufficient in edible oil through
ample cultivation and efficient harvest of healthy
canolaoilseeds.

Talking to Xinhua, Ghazanfar Ali, head of marketing
in Evyol Group, said that in the first phase, the
Chinese company provided high-quality hybrid seed
for cultivation, which not only increased per acreyield
as compared to local oilseeds but also provided a
healthy aternativetolocals.
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A farmer usesanewly imported oilseed harvester to
harvest canolaat afieldin Pakistan'seastern Bhakkar
district onApril 17, 2024. (Xinhua/Ahmad Kamal)
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In the second phase, the company is working on
transferring technology to Pakistan, under which the
harvesters have been imported from China, paving
theway for smart agriculture practicesin the country,

saidAli.

it

Subsequent plans for the third phase involve
Importing oil-extracting machines, which will enable
local farmers to extract the oil themselves for
domestic consumption and commercial use, he
added.

Talking about the new machines, Zhou Xusheng,
director of theinternational business department of
Wuhan QingfaHesheng Seed company, told Xinhua
that they have developed two kinds of harvesting
equipment that align with local cultivation and use
habits.

One of the equipment enables one-time harvesting,
slashing harvest lossto eight to ten percent whilethe
other offersatwo-stage approach, which involves
cutting the crop close to maturity and picking it up
two to three days later, reducing loss to less than
five percent, he added.

Thetechnological advancement can boost yields by
20t0 30 percent, thereby enhancing farmers incomes
and accel erating widespread adoption, compatible
with existing harvestersin Pakistan, Zhou said.

Farmersharvest canolaat afield in Pakistan'seastern
Bhakkar district onApril 17, 2024. (Xinhua/Ahmad
Kamal)

The harvesterswill befurther customized according

to therequirements of locals, after feedback from
local farmersand agriculture experts, following which
the bulk import of the equipment will be made, Ali
told Xinhua

He underscored CPEC's role in elevating socio-
economic standards by empowering farmers to
embrace advanced technol ogy.

"Through technol ogy transfer, CPEC empowerslocal
farmersto not only reduce labor and costs but also
increasetheir earnings, enabling themto lead more
prosperouslives, besidesgiving benefit to society as
awhole," hesaid.

Talking about the significance of the technology
transfer, Akmal Siddiq, technical advisor at the
country's Ministry of National Food Security and
Research said that during the oilseed harvest season,
thereisashortage of labor in the agriculture sector
asamost al winter cropsare being harvested during
thetime.

Theavailablelabor isalso not so skilled and when
they harvest the crop by primitive measure, the
overall productivity of the sector gets affected, he
added.

"The adoption of Chinese agricultural technology
representsacritical opportunity to modernize and
transform the oilseed harvesting landscapein the
country. Through effective technology transfer and
adoption, the agricultural sector can overcome
longstanding challenges, boost productivity, and
contributeto the nation'sfood security and economic
development,” theofficia told Xinhua.

Source: Xinhua
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Chinese buyers switch to cheaper Brazilian
soybeansahead of Trump return

Chinese soybean processors have turned to
competitively priced Brazilian cargoesinstead of U.S.
oilseeds, amid fearsWashington will impose import
tariffsafter President-elect Donald Trump takes office
on Jan. 20.

Worriesabout revived tradetensionsduring Trump’s
second administration have already disrupted trade
flowsto China, theworld'shiggest agricultura goods
importer, prompting buyersto stockpileinventories
and seek alternative suppliers.

Source: Reuters

Idemitsu to begin trial of non-edibleoilseed crop
for aviation fuel

Idemitsu Kosan will begin atrial plantation of the
non-edible oilseed tree crop Pongamiain Australia
from mid-January to assess its potential as a
feedstock for sustainable aviation fuel (SAF), Japan’s
No.2 crudeoil refiner said on Thursday.

Theplantationwill be conducted in collaboration with
Terviva, a U.S. company with over a decade of
research and cultivation expertise in Pongamia,
|demitsu said in astatement.

Pongamia, aleguminousplant distributed in Southeast
Asiaand Oceania, isahighly efficient non-edible
oilseed crop that does not compete with food
production, according to demitsu.

Idemitsu, aiming to establish asupply system for
500,000 kilolitres of SAF annually by 2030, said it
has also invested in Terviva, it said, but did not
disclosetheinvestment details.

Through thetrial plantation, Idemitsu will evaluate
long-term cultivation methodsfor Pongamiaand how
to optimizethe supply chain from cultivationto SAF
production.

Idemitsu will also explore additional uses for
Pongamia, including creating carbon creditsthrough
afforestation, producing biomass power pelletsfrom
Pongamiashells, and using pressed oilseed cake as
livestock feed.

Oil extracted from its seedsis expected to serve as
afeedstock for sustainableaviation fuel production,
the company said.

SAFisconsidered crucial for the aviation sector to
reach itsgoal of net zero carbon emissions by 2050,
but its adoption remainsin anascent phase.

SAF makesup only around 0.3% of global jet fuel
usage and is projected to reach just 0.7% by 2025,
according to data from airline trade body IATA.
Experts emphasize that the production rate of the
green fuel needsto grow quickly for the sector to
achieveitsemissionstargets.

Source: Reuters

Minnesota approves hemp seed meal as feed
for laying hens, expanding mar ket potential

Hemp seed meal may now be fed to Minnesota's
laying hens, state agriculture officials recently
announced.

Also referred to as hempseed “cake,” the feed
materia wastentatively approved by theAssociation
of American Feed Control Officials (AAFCO) last
year, meaning individual statescould moveforward
with commercial adoption. The meal isobtained by
grinding or milling the cake after most of the oil has
been extracted from hemp seeds. Itisnow listed in
AAFCO'’s official publication, the foundational
document for the feed industry that provides
definitions, regulations, and proceduresrelated to
ingredients, labeling, and manufacturing.

The Minnesota Department of Agriculture (MDA)
said the state is among the first in the nation to
approve commercialization of the feed material.
Minnesotaallowstentatively approved ingredientsto
be used in animal feed and pet food. Hemp meal is
restricted to laying hensfor now, and can make up
no more than 20% of the birds’ diet as a source of
protein and fat, the MDA said.

Expanding the market

“I1t’san opportunity to expand theavailability of hemp
in the market,” said Daniel King, an MDA feed
specialist and board member of AAFCO.
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“Producers can market it asaspecialty ingredient.”

Richin protein, essentia fatty acids, and fiber, hemp
seed meal offersnutritional benefitsfor laying hens,
cattle, and other farm animals. Studies suggest that
including hemp seed meal in dietscanimprove egg
qudity in hens, enhance growth performancein cattle,
and support overall animal health duetoitsomega-3
and omega-6 content.

Moreresearch coming

The Food and Drug Administration set the final
standards with alimit of 2 parts per million (ppm)
for THC and 20 ppm for cannabidiol CBD. More
research and testing will take place over the next
year to make surethe THC and CBD levelsinthe
hemp seed are “ correct,” accordingto MDA.

TheAAFCO processmay takeayear or morebefore
moving from tentative approval to full approval for
an ingredient, King said. Once full approval is
granted, it could be expanded to meal usesfor other
animals, hesaid.

Source: Hemp Today

Chinese rapeseed meal, oil contracts surge
after tariffson Canadian imports

Beijing | Reuters — Zhengzhou rapeseed (canola)
meal and oil contracts jumped on Monday, thefirst
day of trade since Chinadecided to impose 100 per
cent tariffs on imports of those products from
Canada.

The most-active rapeseed meal futures on the
Zhengzhou exchange climbed six per cent to close
at 2,611 yuan (C$518) per metric ton —the biggest
daily rise since September 2022.

Why it matters: Chinarepresentsamassive market
for Canadian agricultural products

Canada sexports of rapeseed oil, oil cakesand peas
wereworth roughly $1 billion (C$1.44 billion) last
year. Thetariffs, effective March 20, comeintandem
with a25 per cent duty on Canadian aguatic products
and pork, worth $1.6 billion (C$2.3 billion) in 2024.
The levies follow 100 per cent and 25 per cent

tariffs Canadaimposed on Chinese-made electric
vehicles and steel last year.

The new tariffs are expected to raise the cost of
Canadian canolaoil, easing domestic oversupply
pressure and hel ping to stabilize rapeseed oil prices,
said China Grain Net, an information provider
affiliated with state stockpiler Sinograin. However,
analysts say the price spike may not last long.

“Chinahasalternative originsfor rapeseed oil such
as Russiaand the EU and al so the Chinese import
duty hike could pressure Canadian canolaprices,
resulting in asharp declinein product prices,” said
Anilkumar Bagani, research head of Mumbai-based
vegetableoil broker Sunvin Group. “ It also needsto
be noted that China has huge rapeseed oil stocks at
the moment and the crush capacity utilizationisalso
considerably high,” Bagani said.

Additionally, China’'s Zhengzhou Commodity
Exchangesaid it will raise the minimum order size
per trade for some rapeseed meal futures contracts
to 10 lotsfrom onelot previously, starting fromthe
night trading session on Monday.

The exchange increased the minimum order sizeto
reduceretail investor participation and avoid price
fluctuations caused by a large number of small
orders, said Xuan Dongshuang, an analyst at
research firm Sublime Chinalnformation. Chinalast
year began an anti-dumping investigation into
Canadian canola, but canolawas not included among
thetariffsannounced on Saturday, just rapeseed meal
andoil.

Thislikely leavesroom for negotiation during trade
talks, traders and analysts said. The anti-dumping
Investigation on canola has reduced direct imports
inthefirst quarter thisyear, with imported canola
meal expected to make up over 50 per cent of total
supply, ChinaGrain Net said.

“However, oncetheinvestigation concludes, imports
of Canadian rapeseed meal arelikely todrop, leading
totighter supply,” it added.

Source: Alberta Farmar Express
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IMPORTANT FIGURES

Table 01: Soybeans: World Supply and Distribution
Thousand Metric Tons

2021/22 2022/23 2023/24 2024/25
Production
Brazil 130,500 162,000 154,500 172,500
United States 121,504 116,221 113,273 119,047
Argentina 43.900 25,000 48,210 51,108
China 16,395 20,284 20,840 20,650
Paraguay 4,183 10,250 11,000 10,200
India 11,889 12411 11,875 12,582
Russia 4,760 5,996 6,800 7,050
Other 27.407 26,198 29.904 35,015
Total 360,538 378.360 396,402 428,152
Imports
China 90,297 104,500 112,000 108,000
European Union 14,545 13,127 13,550 14,710
Argentina 3,839 9,059 7,787 6,324
Mexico 6,397 6,451 6.457 6,434
Egypt 4,566 1,993 3,321 4,543
Thailand 3,243 3,238 3,428 4,190
Turkey 2.949 2.888 3,252 4,183
Japan 3,455 3,332 3,099 3,243
Vietnam 1,839 1,858 2,265 2,609
Taiwan 2,622 2.559 2.577 2,768
Other 21,015 19.497 20,799 22.187
Total 154,767 168.502 178.535 179,191
Exports
Brazil 79,063 95,504 104,170 103,142
United States 58.570 53.864 46,266 51,227
Argentina 2.861 4,185 5,114 7,874
Paraguay 2,273 6,495 7.987 6,405
Canada 4,289 4.240 4,861 5,551
Other 7,366 7,470 9,364 10,006
Total 154.422 171,758 177,762 184,205
Crush
China 90,000 96,000 99.000 103,500
United States 59,980 60,199 62,196 66,546
Brazil 50,767 53.409 54,405 58.162
Argentina 38.825 30,318 36,583 43,236
European Union 15,400 14,300 14,500 15,400
India 8,500 10,300 11,300 11,000
Mexico 6,350 6,650 6,530 6,650
Russia 4,900 5,400 5,900 6,225
Egypt 4,500 2,200 3,250 4,500
Paraguay 2.200 3,450 3,000 3,700
Bolivia 3,100 3,300 2,600 3,225
Thailand 2,500 2,100 2.400 2,700
Ukraine 1,300 1,500 1,800 2,800
Iran 2,500 3,000 2,700 2,850
Turkey 1,800 1,700 2,300 2,850
Other 23,871 21,933 22,781 25,903
Total 316,493 315,759 331,245 359,247
Ending Stocks
China 25,146 32,341 43,311 44.489
Brazil 27.378 36,819 29,761 37,688
Argentina 23,691 16,997 24,047 23,569
UnitedStates 7,468 7,190 9,319 8,840
European Union 1,572 1,262 1,300 1,568
Other 8,384 7214 7,387 8,653
Total 93,639 101,823 115,125 124,807

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

Thousand Metric Tons

2021/22 2022/23 2023/24 2024/25
Production
China 71.280 76,032 78.408 81,972
United States 47,005 47,621 49,084 53,019
Brazil 39.091 41,488 41,859 44,383
Argentina 30,287 23,648 28.535 33,724
European Union 12,166 11,297 11,455 12,166
India 6,800 8,240 9,040 8.800
Mexico 5,020 5.255 5.159 5.255
Other 36,364 34,798 36,502 42,731
Total 248.013 248.379 260,042 282,050
Imports
European Union 16,473 15,997 16,564 20,609
Vietham 5,531 4,724 6,027 5,703
Indonesia 5.535 5.434 5,055 6,179
Philippines 2.897 2.824 2.967 3,189
Iran 1,362 1,185 2,985 2,805
Thailand 3,077 3,141 2.770 2.939
Mexico 1,827 1,670 1,935 2,345
United Kingdom 2,015 1.762 1,976 2,529
Colombia 1,831 1,603 1,585 2,030
Ecuador 1,775 1,771 1.891 2,100
Other 24.890 23.138 25.850 27287
Total 67,213 63.249 69.605 71,715
Exports
Argentina 26,589 20,764 24,891 29.780
Brazil 20,207 21,334 22,722 23.390
UnitedStates 12,303 13,196 14,564 16,570
Bolivia 2.167 2.155 1,509 2,000
Paraguay 1,270 1,992 1,683 2,176
Other 6.304 7,619 8,775 9,149
Total 68,840 67,060 74,144 83,065
Domestic Consumption
China 71,100 75,050 77,150 80,850
United States 35,323 34.946 35.068 37,231
European Union 27,742 26,642 27,042 31,242
Brazil 19.700 20,000 20,000 20,500
Vietnam 6.235 5,785 6,640 7.295
Mexico 6.875 6,930 7,080 7.450
India 6.273 6,625 7,075 7,000
Indonesia 5,550 5,580 5,200 5,900
Iran 3,500 3,550 4,810 5,100
Thailand 4,900 4,750 4,575 4,800
Russia 3,500 3,650 3,900 4,100
Egypt 3,700 2,700 3,000 3,800
Argentina 3,325 3,450 3,500 3,525
Japan 3,610 3,550 3,521 3,500
Philippines 2.950 2.930 3,000 3,220
Other 41,542 40,909 43,505 47374
Total 245.825 247,047 255,066 272.887
Ending Stocks
Brazil 3,657 3.817 2.972 3.470
Argentina 2.797 2.298 2.443 3,141
European Union 595 510 836 1,717
China 710 937 794 943
Turkey 417 422 466 572
Other 8,489 6,202 7.112 8.593
Total 16,665 14,186 14,623 18,436
Foreign Agricultural Service/USDA Global Market Analysis
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Table 03: Soybean Meal: World Supply and Distribution

Thousand Metric Tons

2021/22 2022/23 2023/24 2024/25
Production
China 16,128 18,240 18,810 20,100
United States 11,864 11,897 12,289 13,253
Brazil 10,153 10,580 11,055 11,842
Argentina 7,664 5.991 7.251 8.626
European Union 2.926 2.717 2.755 2.926
India 1,530 1.854 2.034 1,980
Mexico 1.171 1,227 1,205 1,227
Other 8.575 8,218 8,610 10,135
Total 60,011 60,724 64,009 70,089
Imports
India 4231 3.968 3.308 5.471
Canada 63 147 573 637
Bangladesh 689 703 649 943
European Union 458 641 592 757
Morocco 659 640 593 626
Peru 471 535 560 612
Algeria 530 490 485 564
Korea, South 392 353 447 482
Colombia 317 242 317 384
China 291 395 381 296
Other 3,540 3,019 2,713 3,404
Total 11,641 11,133 10,618 14,176
Exports
Argentina 4.873 4,137 5.533 7.099
Brazil 2.408 2.687 1,352 1.487
European Union 959 915 659 708
Russia 665 750 760 750
Paraguay 371 523 497 621
United States 803 171 280 1,131
Ukraine 235 277 345 523
Other 2.115 2.285 2.381 2.890
Total 12,429 11,745 11,807 15,209
Domestic Consumption
China 17,100 17,900 18,900 20,500
United States 11,262 12,070 12,317 12.197
Brazil 7,700 8.300 10,200 10.410
India 5.825 5.400 5.175 6.645
European Union 2.305 2.405 2.630 3.005
Argentina 2.650 1,660 1,770 1.980
Mexico 1,300 1.305 1.270 1,310
Bangladesh 1,100 975 1,010 1,200
Canada 240 320 685 750
Egypt 960 560 510 730
Algeria 750 750 765 780
Iran 850 900 725 525
Pakistan 525 360 285 620
Korea, South 600 565 600 650
Morocco 630 630 600 625
Other 6,044 5.433 5,541 6,420
Total 59,841 59,533 62,983 68.347
Ending Stocks
China 387 1.011 1,198 776
India 186 597 748 1,527
United States 903 729 703 792
European Union 563 601 659 629
Argentina 526 720 670 324
Other 2,757 2,243 1,760 2,399
Total 5.322 5,901 5,738 6.447
Foreign Agricultural Service/USDA Global Market Analysis
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Table 04: Soybean Meal: World Supply and Distribution

Thousand Metric Tons

Marketing- Meal, Soybean Oil, Soybean Oilseed, Soybean
Year 2023/24 2024/25 2023/24 2024/25 2023/24 2024/25
Exports

North America 14,895 16,883 516 1,299 51,135 56,778
South America 50,806 57,355 7,827 9,808 120,185 121,198
South Asia 1,969 1,804 16 32 9 12
India (Oct-Sep) 1,966 1,781 16 27 8 12
Other 6,474 7,023 3,448 4,070 6,433 6,217

World Total 74,144 83,065 11,807 15,209 177,762 184,205

Imports

European Union | (Oct-Sep) 16,564 20,609 592 757 13,550 14,710
East Asia 3,602 3,425 946 914 118,799 115,144
China (Oct-Sep) 31 45 381 296 112,000 108,000
Japan (Oct-Sep) 1,822 1,621 2 1 3,099 3,243
Korea, South (Oct-Sep) 1,664 1,725 447 482 1,118 1,128
Taiwan (Oct-Sep) 85 34 0 0 2,577 2,768
Southeast Asia 18,548 19,910 274 288 9,118 10,128
Indonesia (Oct-Sep) 5,055 6,179 34 34 2,567 2,439
Malaysia (Oct-Sep) 1,279 1,426 89 92 683 727
Philippines (Jan-Dec) 2,967 3,189 56 55 149 136
Thailand (Sep-Aug) 2,770 2,939 0 0 3,428 4,190
Vietnam (Jan-Dec) 6,027 5,703 80 90 2,265 2,609
North America 3,905 4,525 955 974 7,359 7,473
Canada (Aug-Jul) 1,347 1,448 573 637 335 250
United States (Oct-Sep) 623 732 282 164 567 789
Canada (Aug-Jul) 1,347 1,448 573 637 335 250
Mexico (Sep-Aug) 1,935 2,345 100 173 6,457 6,434
South America 7,222 8,486 1,508 1,781 9,549 8,025
Argentina (Oct-Sep) 1 279 2 107 7,787 6,324
Brazil (Oct-Sep) 18 5 80 85 867 731
Paraguay (Jan-Dec) 0 0 3 3 6 4
Brazil (Oct-Sep) 18 5 80 85 867 731
Colombia (Oct-Sep) 1,585 2,030 317 384 447 561
Central America 1,744 2,078 193 213 293 320
Caribbean 853 881 279 271 36 17
Middle East 8,263 8,220 146 224 6,995 9,069
Iran (Oct-Sep) 2,985 2,805 22 26 2,554 2,693
Israel (Oct-Sep) 249 311 6 2 285 266
Syria (Jan-Dec) 173 100 2 2 1 1
Turkey (Oct-Sep) 1,554 1,350 0 0 3,252 4,183
North Africa 1,986 2,222 1,148 1,286 5,540 6,710
Egypt (Oct-Sep) 468 395 37 50 3,321 4,543
Other Europe 2,470 3,139 192 200 1,452 1,757
United Kingdom | (Oct-Sep) 1,976 2,529 182 190 976 1,079
Other 4,448 4,220 4,385 7,268 5,844 5,838

World Total 69,605 77,715 10,618 14,176 178,535 179,191
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Table 05: Palm Oil: World Supply and Distribution

Thousand Metric Tons

2021/22 2022/23 2023/24 2024/25
Production
Indonesia 42,000 45,000 43,000 45,500
Malaysia 18,152 18,389 19,710 19,380
Thailand 3,376 3,321 3,274 3,330
Colombia 1,762 1,853 1,875 1,900
Nigeria 1,400 1,400 1,500 1,500
Other 6,630 6,754 6,735 6,807
Total 73,320 76,717 76,094 78,417
Imports
India 8,004 10,045 8,886 7,786
China 4,387 6,190 4,377 3,203
Pakistan 2,734 3,094 2,980 3,325
EuropeanUnion 5,201 4,576 4,013 3,135
Bangladesh 1,339 1,610 1,676 1,540
UnitedStates 1,588 1,887 1,864 1,541
Egypt 1,155 1,052 1,171 1,301
Vietnam 995 1,112 1,071 1,076
Philippines 1,154 892 1,083 1,577
Kenya 789 848 875 811
Other 14,132 14,861 13,860 15,775
Total 41,478 46,167 41,856 41,070
Exports
Indonesia 22,321 28,077 22,273 23,471
Malaysia 15,527 15,355 16,530 15,617
Thailand 971 902 878 1,302
PapuaNewGuinea 834 813 669 747
Guatemala 792 883 620 566
Other 3,433 3,337 3,440 3,322
Total 43,878 49,367 44,410 45,025
DomesticConsumption
Indonesia 17,425 19,125 21,075 22,375
India 8,150 8,900 8,990 8,800
Malaysia 3,300 3,975 3,667 4,165
China 5,100 5,400 5,000 3,300
Pakistan 2,845 2,995 3,070 3,250
EuropeanUnion 5,000 4,500 3,890 3,200
Thailand 2,335 2,485 2,485 2,135
Nigeria 1,715 1,790 1,840 1,940
Bangladesh 1,470 1,600 1,575 1,540
Colombia 1,380 1,500 1,555 1,530
UnitedStates 1,561 1,875 1,894 1,524
Egypt 1,175 1,060 1,160 1,250
Philippines 1,270 1,000 1,040 1,485
Vietnam 927 1,037 1,007 1,040
Brazil 840 825 920 950
Other 14,763 15,286 15,386 16,937
Total 69,256 73,353 74,554 75,421
EndingStocks
Indonesia 7,309 5,108 4,761 4416
Malaysia 2,318 2,312 2,014 2,360
India 972 2,419 2,615 1,898
Colombia 826 856 842 717
China 420 1,181 546 439
Other 4,948 5,081 5,165 5,154
Total 16,793 16,957 15,943 14,984
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Table 06: Rapeseed and Products: World Supply and Distribution
Thousand Metric Tons

Marketing Year | Meal, Rapeseed Oil, Rapeseed Oilseed, Rapeseed
2023/24 | 2024/25 [2023/24 |2024/25 |2023/24 |2024/25
Production
China (Oct-Sep) 11,684 11,861 7,722 7,839 15,800 15,800
India (Oct-Sep) 6,219 6,189 3,975 3,956 11,600 11,520
Canada (Aug-Jul) 6,408 6,710 4,706 4,821 19,464 19,239
Japan (Oct-Sep) 1,188 1,231 910 884 4 3
European Union | (Jul-Jun) 13,908 13,509 10,248 9,954 20,431 17,073
Other 9,803 9,784 6,825 6,818 22,675 22,609
World Total 49,210 49,284 34,386 34,272 89,974 86,244
Imports
China (Oct-Sep) 2,842 2,810 2,039 2,171 5,486 4,600
India (Oct-Sep) 17 21 6 26 0 0
Canada (Aug-Jul) 3 1 19 16 276 131
Japan (Oct-Sep) 5 4 8 23 2,117 2,138
European Union | (Jul-Jun) 839 420 463 295 5,457 7,964
Other 6,224 6,891 4,963 4,549 4,924 5,115
World Total 9,930 10,147 7,498 7,080 18,260 19,948
Exports
China (Oct-Sep) 7 32 21 19 0 0
India (Oct-Sep) 1,609 1,870 10 13 0 0
Canada (Aug-Jul) 5,652 5,855 3,444 3,327 6,812 9,387
Japan (Oct-Sep) 0 8 4 5 0 0
European Union | (Jul-Jun) 874 880 746 585 534 382
Other 2,073 2,085 3,292 3,198 11,210 10,053
World Total 10,215 10,730 7,517 7,147 18,556 19,822
Domestic
Consumption
China (Oct-Sep) 14,519 14,639 9,700 10,350 20,675 20,925
India (Oct-Sep) 4,600 4,360 3,980 4,005 11,650 11,550
Canada (Aug-Jul) 725 870 1,250 1,330 11,628 11,673
Japan (Oct-Sep) 1,126 1,245 911 895 2,116 2,134
EuropeanUnion (Jul-Jun) 13,900 13,100 9,950 9,700 25,150 24,350
Other 13,819 14,575 8,557 8,091 17,487 17,785
World Total 48,689 48,789 34,348 34,371 88,706 88,417
Ending Stocks
China (Oct-Sep) 0 0 1,609 1,250 4,784 4,259
India (Oct-Sep) 224 204 393 357 569 539
Canada (Aug-Jul) 168 154 550 730 3,166 1,476
Japan (Oct-Sep) 83 65 30 37 187 194
European Union | (Jul-Jun) 402 351 309 273 1,938 2,243
Other 623 638 566 644 1,294 1,180
World Total 1,500 1,412 3,457 3,291 11,938 9,891
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Table 07: Sunflowerseed and Products: World Supply and Distribution

Thousand Metric Tons

Marketing Year Oilseed, Meal, Oil,Sunflowerseed
Sunflowerseed Sunflowerseed
2023/24 | 2024/25 |2023/24 |2024/25 |2023/24 |2024/25

Production
Argentina (Mar-Feb) 3,895 5,592 1,687 2,143 1,673 2,119
Russia (Sep-Aug) 17,100 16,900 6,780 6,698 6,815 6,732
Turkey (Sep-Aug) 1,550 1,350 872 995 696 795
Ukraine (Sep-Aug) 15,500 13,000 6,484 5,080 6,751 5,290
European Union (Oct-Sep) 10,051 8,645 4,973 4,108 3,887 3,212
Other 7,833 7,527 2,444 2,438 2,297 2,317
World Total 55,929 53,014 23,240 21,462 22,119 20,465

Imports
Argentina (Mar-Feb) 1 1 0 0 0 0
Russia (Sep-Aug) 65 80 5 5 1 1
Turkey (Sep-Aug) 328 789 1,312 1,042 1,491 1,236
Ukraine (Sep-Aug) 20 22 13 1 1 1
European Union (Oct-Sep) 832 582 3,238 2,567 3,022 2,411
Other 1,296 1,137 5,591 4,130 9,446 8,360
World Total 2,542 2,611 10,159 7,745 13,961 12,009

Exports
Argentina (Mar-Feb) 73 624 1,157 1,657 1,198 1,686
Russia (Sep-Aug) 375 200 2,650 2,400 4,400 4,200
Turkey (Sep-Aug) 102 174 45 53 1,189 1,001
Ukraine (Sep-Aug) 314 68 4,653 3,418 6,264 4,744
European Union (Oct-Sep) 447 824 955 479 990 691
Other 1,409 1,481 759 812 1,302 1,387
World Total 2,720 3,371 10,219 8,819 15,343 13,709

Domestic

Consumption
Argentina (Mar-Feb) 4,087 5,227 615 500 562 562
Russia (Sep-Aug) 16,980 16,800 4,125 4,300 2,525 2,575
Turkey (Sep-Aug) 1,802 2,027 2,175 2,000 1,440 1,090
Ukraine (Sep-Aug) 15,875 12,825 1,525 1,800 430 440
European Union (Oct-Sep) 10,250 8,630 7,110 6,260 5,513 5,213
Other 7,673 7,397 7,310 5,731 10,598 9,231
World Total 56,667 52,906 22,860 20,591 21,068 19,111

Ending Stocks
Argentina (Mar-Feb) 820 562 207 193 244 115
Russia (Sep-Aug) 717 697 407 410 237 195
Turkey (Sep-Aug) 142 80 187 171 169 109
Ukraine (Sep-Aug) 176 305 566 429 134 241
European Union (Oct-Sep) 567 340 457 393 699 418
Other 776 562 307 332 1,409 1,468
World Total 3,198 2,546 2,131 1,928 2,892 2,546
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Table 08: Minor Vegetable Oils: World Supply and Distribution

Thousand Metric Tons

Marketing Year Oil, Peanut Oil, Cottonseed Oil, Olive
2023/24 | 2024/25 |2023/24 | 2024/25 |2023/24 |2024/25

Production
China (Oct-Sep) 3,136 3,104 1,164 1,164 9 9
India (Oct-Sep) 1,123 1,256 1,355 1,311 nr nr
Turkey (Nov-Oct) 7 7 193 235 215 410
United States (Aug-Jul) 96 106 163 131 12 16
European Union (Oct-Sep) 13 13 24 29 1,549 2,112
Other 1,622 1,822 1,838 1,843 655 786
World Total 5,997 6,308 4,737 4,713 2,440 3,333

Imports
China (Oct-Sep) 247 347 0 0 23 40
India (Oct-Sep) 0 0 0 1 nr nr
Turkey (Nov-Oct) 0 0 2 3 53 30
United States (Aug-Jul) 17 46 1 1 386 445
European Union (Oct-Sep) 45 47 9 2 230 202
Other 30 33 66 57 414 518
World Total 339 473 78 64 1,106 1,235

Exports
China (Oct-Sep) 10 11 6 8 0 0
India (Oct-Sep) 195 233 1 0 nr nr
Turkey (Nov-Oct) 0 0 8 2 106 79
United States (Aug-Jul) 6 5 10 20 9 8
European Union (Oct-Sep) 7 6 1 1 686 847
Other 153 330 27 31 368 420
World Total 371 58 53 62 1,169 1,354

Domestic

Consumption
China (Oct-Sep) 3,373 3,440 1,158 1,156 32 49
India (Oct-Sep) 1,005 1,010 1,345 1,330 nr nr
Turkey (Nov-Oct) 7 7 190 235 185 400
United States (Aug-Jul) 115 144 152 116 389 453
European Union (Oct-Sep) 50 54 32 30 1,115 1,395
Other 1,477 1,499 1,847 1,858 762 839
World Total 6,027 6,154 4,724 4,725 2,483 3,136

Ending Stocks
China (Oct-Sep) 0 0 0 0 0 0
India (Oct-Sep) 187 200 46 28 nr nr
Turkey (Nov-Oct) 0 0 13 14 99 60
United States (Aug-Jul) 8 11 20 16 0 0
European Union (Oct-Sep) 4 4 0 0 182 254
Other 132 158 109 120 140 185
World Total 331 373 188 178 421 499
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Table 09: China Oilseeds and Products Supply and Distribution

Thousand Metric Tons
2021/22 2022/23 2023/24 2024/25
Production
Oilseed, Peanut 18,308 18,330 19,231 19,000
Oilseed, Rapeseed 15,531 16,317 15,800 15,800
Oilseed, Soybean 16,395 20,284 20,840 20,650
Oilseed, Sunflowerseed 2,154 1,741 1,983 1,750
Other 8,853 10,196 9,069 10,611
Total 61,241 66,868 66,923 67,811
Imports
Oilseed, Peanut 785 940 774 448
Oilseed, Rapeseed 1,657 5,335 5,486 4,600
Oilseed, Soybean 90,297 104,500 112,000 108,000
Oilseed, Sunflowerseed 157 266 183 132
Other 297 665 690 332
Total 93,193 111,706 119,133 113,512
DomesticConsumption
Meal, Peanut 4,077 4,005 3,973 3,885
Meal, Rapeseed 11,951 13,512 14,519 14,639
Meal, Soybean 71,100 75,050 77,150 80,850
Other 9,072 10,472 10,678 9,249
Total 96,200 103,039 106,320 108,623
SME
Meal, Peanut 4,583 4,502 4,466 4,367
Meal, Rapeseed 8,165 9,276 9,992 10,074
Meal, Soybean 70,000 73,900 76,000 79,700
Other 7,760 8,435 8,936 8,147
Total 90,507 96,112 99,394 102,288
Food Use Dom. Cons.
Oil, Palm 3,300 3,100 2,800 1,800
Oil, Peanut 3,323 3,418 3,373 3,440
Oil, Rapeseed 8,500 8,800 9,700 10,350
Oil, Soybean 17,100 17,900 18,900 20,500
Oil, Sunflowerseed 955 1,803 1,419 717
Other 1,369 1,387 1,369 1,367
Total 34,547 36,408 37,561 38,174
Domestic Consumption
Oil, Palm 5,100 5,400 5,000 3,300
Oil, Peanut 3,323 3,418 3,373 3,440
Oil, Rapeseed 8,500 8,300 9,700 10,350
Oil, Soybean 17,100 17,900 18,900 20,500
Oil, Sunflowerseed 955 1,803 1,419 717
Other 1,892 2,134 2,051 2,121
Total 36,870 39,455 40,443 40,428
Imports
Oil, Palm 4,387 6,190 4,377 3,203
Oil, Peanut 166 292 247 347
Oil, Rapeseed 973 1,978 2,039 2,171
Oil, Soybean 291 395 381 296
Oil, Sunflowerseed 513 1,555 1,207 532
Other 798 967 884 956
Total 7,128 11,377 9,135 7,505
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Table 10: India Oilseeds and Products Supply and Distribution
Thousand Metric Tons

2021/22 2022/23 2023/24 2024/25
Production
Oilseed, Cottonseed 10,316 11,166 10,783 10,189
Oilseed, Peanut 8,700 6,300 6,000 7,100
Oilseed, Rapeseed 11,100 11,200 11,600 11,520
Oilseed, Soybean 11,889 12,411 11,875 12,582
Oilseed, Sunflowerseed 140 215 112 113
Other 1,021 1,022 1,021 1,021
Total 43,166 42,314 41,391 42,525
Domestic Consumption
Meal, Cottonseed 4238 4,443 4,409 4,329
Meal, Rapeseed 4375 4,350 4,600 4,360
Meal, Soybean 6,273 6,625 7,075 7,000
Other 2,348 2,176 2,069 2,146
Total 17,234 17,594 18,153 17,835
SME
Meal, Cottonseed 3,434 3,600 3,573 3,508
Meal, Rapeseed 3,113 3,095 3,273 3,102
Meal, Soybean 5,873 6,225 6,625 6,525
Other 2,177 2,021 1,903 2,015
Total 14,597 14,941 15,373 15,150
Food Use Dom. Cons.
Oil, Cottonseed 1,250 1,315 1,290 1,285
Oil, Palm 7,800 8,300 8,340 8,150
Oil, Peanut 1,185 1,050 995 1,000
Oil, Rapeseed 3,700 3,600 3,900 3,925
Oil, Soybean 5,825 5,400 5,175 6,645
Oil, Sunflowerseed 1,900 2,750 3,525 2,900
Other 375 400 410 395
Total 22,035 22,815 23,635 24,300
Domestic Consumption
0il, Cottonseed 1,295 1,361 1,345 1,330
Oil, Palm 8,150 8,900 8,990 8,800
Oil, Peanut 1,195 1,060 1,005 1,010
Oil, Rapeseed 3,780 3,680 3,980 4,005
Oil, Soybean 5,825 5,400 5,175 6,645
Oil, Sunflowerseed 1,900 2,750 3,525 2,900
Other 674 710 730 695
Total 22,819 23,861 24,750 25,385
Imports
Oil, Cottonseed 4 1 0 1
Oil, Palm 8,004 10,045 8,886 7,786
Oil, Peanut 0 0 0 0
Oil, Rapeseed 34 6 6 26
Oil, Soybean 4,231 3,968 3,308 5,471
Oil, Sunflowerseed 1,956 2,988 3,516 2,905
Other 80 111 131 98
Total 14,309 17,119 15,847 16,287
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THE CURRENT STATUSAND KEY CHALLENGESFOR
BIOFUEL ININDIA

Dr. M .K.Mohanty, Professor (BPCL Biofuel Chair) at
OdishaUnivergty of Agriculture& Technology

Indiahasapproximately 500 million tonnes of biomass
available per year. Out of which, 120to 150 million
tonnes are in surplus. As a part of the Pro MFG
Sustainable Circular Economy Series—Doing Well by
Doing Good, powered by BiofuelCircle, Dr. M.K.
Mohanty pensdown thekey challengesand existing
stateof biofuel inthe country.

Biofuelsareidentified asthe primary energy sources
obtained in solid, liquid, and gases form from the
biomass, and food cropssuch assunflower seeds, palm
fruit, Jatrophaseeds, rapeseed, soybean, etc., which
have enormous potentia inadevel oping economy like
India Indiahas approximately 500 million tonnes of
biomass available per year, out of which 120to 150
milliontonnesareinsurplus.

Further, 12.83% of the total renewable energy
generationiscontributed by biofuelsalone. Moreover,
higher conversion efficienciesand lower costsarethe
sgnificant driversof bio-energy extraction. Thebenefits
of biofuels are energy security, reduction of import
dependency, cleaner environment, Municipality Solid
waste (MSW) management, health benefits, and
infrastructuresinvestment inrural areas, employment
generationand overdl additiona incometofarmers. The
liquid biofuelsarebiodiesel or bioethanol and gaseous
biofuel iscompressed biogas (CBG) or Bio-CNG

AccordingtotheInternational Energy Agency (IEA),
biofuelshavethe potential to meet morethan aquarter
of world demand for transportation fuels by 2050 if
favourable policiesand investmentsarein place. At
present, biofuel sare supported by governmentsin many
different ways, including blending mandatesor targets,
subsidies, tax exemptions (exemptionsfrom exciseand
pollution taxes, corporate tax breaks for biofuel
producers) and credits, reduced import duties, support
for research and development (R&D) and direct
involvement in biofuel production, aswell as other

incentivesto encouragelocal biofuel production and
use.

Biofuel Policy in India:

In 2001, Indiastarted amodest 5% ethanol blending
pilot programme. Thebiofuel mission wasadoptedin
2003 with the launch of the National Mission on
Biodiesd that sought to achieve 20% biodiesd blending
indiesd by 2011-12. Thiswasfollowed by the Nationa
Policy on Biofudl (NPB) in 2009 and subsequently the
revised NPB waslaunchedin 2018.

The NPB 2009 envisaged an optional blending target
of 20% for both ethanol and biodiesel by 2017 . The
objective of NPB 2009 wasto facilitate the optimal
devel opment of domestic biomassfeedstock for biofuel
production. TheNPB 2009 laid down thevision, gods
and strategy for the development of biofuels and
proposed anenabling framework of financid, inditutional
and technologicd interventions.

Therevised policy on biofuels, NPB 2018, became
effectivefromMay 16, 2018 and proposed anindicetive
blending target of 20% ethanol in petrol and 5%
biodiesd indiesel by 2030. Theobjectiveof NPB 2018
istoreducecrudeoil imports, augment farmers income,
generate employment, optimally use drylands and
contributeto sustainability. The policy amsto provide
financia and fiscal incentives specificto biofuel type,
categorized asfirst generation (1G), second generation
(2G) and third generation (3G) fuels.

The first generation category of biofuels includes
conventional ethanol and biodiesel. The second
generation comprises ethanol from lignocellulosic
biomass, non-food crops, industrial wastesand residues
streamsaswel| asdrop-infuelsfrom biomass, MSW,
plastics and industrial wastes. The third generation
includes compressed BioCNG from food wastes,
biomass, M SW, sewage water, etc.
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The schemes like Sustainable Alternative Towards
Affordable Transportation (SATAT) which seeksto
establish compressed biogas production unitsand make
CBG availablefor usageasagreen fuel onthemarket.

Key Challenges in Biofuel Production:
2G Bioethanol Production

At present, thereisno policy mechanismincentivising
farmersto collect and deliver biomassresiduesto a
next-generation ethanol plant. Therefore, itisimportant
toestablishareliable supply chainfor biomasscovering
collection, transportation and handling of biomass
feedstock. If the policy makersseek tofoster anindustry
for alonger term, they could create a mechanism
whereby cooperativesor farming communitiescould
beinvolved inthe process of collection, storage and
delivery of resdues.

In order to reduce supply chain uncertaintiesand high
market risk associated with 2nd -generation biof uel
industry, asupply chain should bedesigned and operated
to maximizeeconomicd potentid and socid benefit, and
minimizeenvironmenta impact. Indoingthis, Indiacan
useitsdemographic advantage. In casesthereare any
skill mismatches, they should be addressed through
training and integrated within larger nationa programs
likeSKill India

Another key challenge of cellulosic-based bioethanol
productionisthepre-treatment of thefeedstock to make
the carbohydratesin thelignocellulose accessiblefor
conversion. Apart from the costs, the key parameter
for selection of apre-treatment method isitsefficiency
inavoiding degradation of products, whichmightinhibit
subsequent hydrolysisand fermentation. Pre-treatment
of raw material representsone-third of thetotal costs
of bioethanol production, thereby influencing the cost
of enzymatic hydrolysisand fermentation.

Utilisation of carbon dioxide generated from the plant
isalsoamagjor concern. Implementation of 2G ethanol
plantsdueto high technological risk, production cost
and palitica/policy riskswith low potentid returnsneeds
to be addressed for future production.

Biodiesdl production

Biodiesd derived from edibleail requiressuitableland
for cultivation and a so challengesfood security. Since
most of theedibleoil inthecountry isimported, itisnot
feasibleto use edibleoil. Numerous agronomical and
economic congraintsinthecultivation of feedstock like
high cultivation cost, low productivity, improper
availability of seeds, and unsuitable marketing channdls
forcescultivatorsto closetheir plantation.

On the other hand, production from non-edible oil
sourceshasdisadvantages|ikediminishing performance
incold climates, possible contamination andimpurities
inanimal fatsand thelack of acentralized systemfor
collecting such raw materials.

Oil extraction techniqueslike mechanical extraction of
oil requiresfurther filtration and phospholipid removal.
Moreover, pressesused for mechanical oil extraction
aremostly specidizedfor specific plantsandineffective
for avariety of feedstocks. Ontheother hand, extraction
with n-hexaneisassociated with therisks of negative
impact on the environment and human health through
the production of sewage and emissions of volatile
organic compounds.

Lack of government backing is viewed as a magjor
barrier totheadoption of thebiodiesd program. Severd
sepslikeimplementation of legal actionsto encourage
use, mandatory biodiesdl blending, incentivestowards
support of the biodiesel program are some of the
necessitiesof therecent timeto tacklethe challenges.

BioCNG production

Dueto poor supply chainsandlow collection efficiency,
thereare concernsaround feedstock supply and quality.
Fluctuationsin feedstock availability and quality might
impede plant production efficiency, affecting plant
profitability inthelong term. Decreasein the number of
farmanimalsinrurd areas, leading to failure of supply
of the committed quantity of wasteto plantsisone of
thereasonsfor the closure of biogasplants.

Individual household biogas plantsrequirefinancial
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investment, which yieldsonly non-monetary benefits,
such ashiogaswhichisgeneraly used ascooking fuel.
Wheress, large-scalecommercia biogasplantsmanaged
entirely by privateor public-private partnershipsamto
generatefinancia benefitsby sdlling end-productssuch
aselectricity, transportation fuel, or heat. The cost of
handling and transportation of the waste over long
distances is quite high. Competition from organic
fertilizer aswell asheavily subsdized chemicd fertilizers
isalsoamajor concern.

Some challengesto biogas productioninrural areas
includeshighup-front ingtalation cost, delaysin getting
financial support, competition from other fuels,
inadequate supply of feedstock, lack of social
acceptance and awarenessfor biogasfrom substrates
likenight soil, human excreta, dead animal carcass, lack
of proper training and capacity building programmes,
awarenessregarding itsenvironmental benefits.

Proper segregation, collection, and transportation
technol ogies/srategiesarenot implementedin citiesfor
MSW, whichisoneof theprimary reasonsfor thesow
growth of thewaste-to-energy sector.

Process standardization isdifficult dueto substantial
differencesin waste properties acrossdifferent areas,
which impedes the widespread use of biogas
technology. Other waste treatment methods, such as
composting, vermicomposting, and wasteto pellets,
which may aso be used to treat organic municipa and
industrial waste, compete with anaerobic digestion.

Preference for low-cost treatment methods such as
composting also actsasredtriction, resultingin alower
adoption of biogasdigestersfor waste managementin
metropolitan areas. Scrubbing of biogasalso requires
additional infrastructurewhich addsto thetotal cost of
the process.

Challenges in third generation biofuels:
Algal Biofuel

Thechdlengesand uncertainty involvedwithagd biofue
production arevast. Economic analysisisathreat, in
the form of cost and expenditure. The market
acceptability isnot certainwhilethey continueto compete
with other biomasses.

The utilization of CO2 by algae could lead to
uncontrolled pH rise after the conversionto carbonic
acid, henceresultinginionizationintheagaeproduction
medium. There could be the difficulty of sunlight
radiation penetrating the depth of large algae bloom.
Hence, themost prominent constraintsof algal biofuel
productioninvolvesfactorslike:

® [nformation

Theinformationregardinginterest and researchinto
algae biofuel are till limited. However, more
experiments need to be done on how algae biofuel
actually performswhen used in cars, machinery,
airplanes, etc.

e Requirement of highlipid content fuel conversion
fromagaeisbroadly based on thefeedstock’shigh
concentrationsof lipids: fatty, oil-containing acid
moleculesthat can be extracted to create Biofuels.

e |nformation

Theinformation regardinginterest and researchinto
algae biofuel are till limited. However, more
experiments need to be done on how algae biofuel
actually performswhen used in cars, machinery,
airplanes, etc.

e Complicated Process

Production of algal biofuel takes many stepsto
become a usable fuel source. This process is
complicated and takestime.

e HighFertilizerUse

Massvequantitiesof agaecanonly begrownwith
the use of more fertilizer. And this fertilizer
production requires energy and produces high
amounts of carbon dioxide, thus affecting the
carbon dioxideneutrd statusof algaebiofue when
considering thewhole process.

e Minimizingtheaga deathfrombiotic & abiotic
factors

Thereisagreat chanceof agal monoculturesto be
invaded by pests and pathogens, and therefore,
crop protection is a major challenge to algal
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sudanability.

LargeWater Demand

A high amount of water sourceisrequired by the
dgeeinorder toaval maximumgrowth. Sometimes,

a high temperature evaporates water level and
hampersthe growth.

Expensiveto Produce

Thecost of adgal biofuel productionisstill much
higher thanfossil fuelstill date.

Quality Issues

hereareseverd speciesof dgaepresentintheearth
crust but dl of themdon't producethe sameamount
of ail.

LandUse

Regardless of the growth strategy employed and
efficiency of oil extraction, the scale of

implementation that is required to replace a
meaningful amount of foss| fud issgnificant.

Nutrient Challenge

Algae need light, nutrients, water and a carbon
source, most often CO2, for efficient growth. The
major nutrients required by most algae include
nitrogen, iron, phosphorousand sulphur.

The Inference

InIndia, the significance of building arobust biofuel
sector to addresstheissues of energy security and fuel

s f-sufficiency hasbeen widely recognised. Despitethe
fact that thefood vsfud issueishighly significantona
global scae, itisessentidly irrdlevant to India sbiofuel
production programmedueto the country’ sdeliberate
choice to not employ any edible feedstock for bio-
energy production, which aso actsasaconstraint.

TheNationa Biofuel Policy wascreated to capitaize
on the numerousenvironmental, socia, and economic
advantagesthat would result from the country’slarge-
scaebiofuel production. Significant barriersin biofue
production areidentified aslack of governmenta support
for sustainabl e supply chain standardsand solutions,
lack of entrepreneurship support, lack of subsidies/
incentivesfor creating competition among bioenergy
producers.

New policies and strategies or modificationsin the
existing strategiesmayy hel p in eliminating someof the
barriersmentioned above. In order to boost the biofuel
industry inIndia, the need for popul arisation of biofuel
usage by blending with conventiond fud should bemede
mandatory alongwith subsidized rates.

While favourable government policies and active
involvement from the local community and private
enterprisescan keep the programmerunninginthe short
term, itiscritical to haveasolid long-term strategy in
place. Given the existing feedstock options,
technological state, and regulatory options, the current
trgjectory isunlikely to be adequatein thelong run.

A significant research effort on the devel opment of
second and third generation feedstock isrequired to
meet the country’ sfuture bio-energy demands.
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HEALTH NEWS

Piggy Sooy: Moolec Gains USDA
Approval for Pork Proteins Grown in
Soybeans

/'\_,‘

. |
Luxembourg-based Moolec Science, which uses
molecular farming to grow animd proteinsinplants, has
earned clearancefromthe US Department of Agriculture
for Piggy Sooy, which are soybeans containing pork
proteins.

Moolec hasreceived approva fromthe USDA for its
‘plant-grown’ meet proteins, with the government body
stating that its genetically engineered soybeans are
unlikely to poseanincreased risk of pestscompared to
non-modified soybeans.

Initsregulatory review, the USDA'sAnimal and Plant
Health Inspection Service (APHIS) didn’t find “any
plausible pathway” by which Moolec’s Piggy Sooy
bringsahigher pest risk. Thismeansitisn't subject to
the APHI Sregulation that governsthe movement of
geneticaly modified organisms.

Theregulatory clearancewill enablethe company to
plant and transport Piggy Sooy soybeans without
needing any permits, asisthe case with non-modified
ingredients, according to co-founder and CEO Gaston
Pdadini.

“Webeievethismilestone setsthe stagefor arevolution
inthefood-industrid biotechlandscape, paving theway
for expedited adoption of molecular farming technology
by other industry players,” said co-founder and CTO
Martin Salinas. “ Thiscompelling advancement Sgnifies

a stride in enhancing our operational efficiency,
transforming our methodsof raw materia sourcing, and
optimising our downstream crushing and processing
operations.”

Patented tech producespink pork soybeans

Mool ec had announced thedevel opment of Piggy Sooy
in June last year, as part of its Meat Replacement
Program. The company isbioengineering soybeansto
produce porcine myoglobin, using the plants asthe
‘bioreactors themselves. Itsseedshaveachieved ahigh
expression of pig proteins (up to 26.6% of the total
soluble proteins), surpassing initial projections by
fourfold.

Thetech hasbeen patented—whichwill aiditsregulaory
pathways—and produced beansthat have apink hue
like pork. “ Thisachievement opensup aprecedent for
theentirescientificcommunity thatislookingtoachieve
highlevelsof protein expressionin seedsviamolecular
farming,” Amit Dhingra, Moolec’schief scienceofficer,
said at thetime.

Since then, the Nasdag-listed company has raised
$30M to fund R&D and scale-up efforts, which
involved both equity, and cash andin-kind contributions,
including accessto the soybean inventories of Grupo
Insud. Prior to this, Moolec had inked a deal with
Bioceres, theArgentinian agtech firmit spun off from
asaseed startup, to securethe supply of 15,000 tonnes
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of soybeans.

The USDA APHIS approval alows the startup to
accelerateits go-to-market strategy. Mool ec plansto
provide food manufacturers with the functional,
nutritiousand eco-friendly ingredientsfor useintheir
product formulations—thisinvolvesreplacing mesat in
sausages, burgersandthelike.

Paladini remains tight-lipped about the companies
Moolecisworking with, but it hasbeenintalkswith
ingredient processorsfor partnershipsthat could see
the startup license its IP, or work with them in
downstream processing to recover and commercialise
the proteinsusing their networks. The Luxembourg-
based company also hasitsown industrial facility in
Argentina, which can crush 10,000 tonnes of soybeans
annualy and helpit commerciaise.

Molecular farming has been recognised as a more
affordableand easily scalableoptionthan cdl cultivation
or precisonfermentation. " Weare unlocking the power
of plants by leveraging scienceto overcome climate
change and global food security concerns,” Paladini
outlined. Competitorslike AlpineBio (formerly Nobell
Foods), Mozza, PoLoPo and IngredientWerks, Finally
Foods and Miruku are al vying to get aslice of a
market tipped to reach $3.5B before the end of the
decade.

Moolectolaunch GLA-rich oil in 2025

Whilethe APHIS clearanceiswelcome newsfor its
meat proteins, the Piggy Soybeanswon’t beitsfirst
product to goto market. That honour lieswith GLA SO,
anutritional ail richin GLA (an omega-6 fatty acid),
which hasalready received the USDA'snod and isset

to cometo marketin 2025.

Thisoil isproduced through astrain of safflower using
a patented tech called SPC, withthe samestrain aso
hel ping Mool ec produce abovine chymosin protein,
which is used in cheese and has also received the
greenlight by APHIS. After GLASO, it will release
YEAAL, an iron supplement and meat ingredient
derived fromyeast, and Piggy Sooy. Besidesthese, the
company isalso growing bovine myoglobin (abeef
protein) inyellow pess.

But whilethe APHISapprova meansitspork soybeans
don’t poseanincreased risk of pests, authorisationfrom
other agencies — chiefly the Food and Drug
Administration—will bekey for commercialisation.
Moolecisalready inthe consultation processwith the
food safety body, and while Paladini declined to
comment onatimeline, heconfirmedthat “everythingis
ontrack”.

Mool ec’sannouncement sent its stock soaring, which
was up by 121% on Monday. But when you look at
long-term trends, the company’ sshareshave gonedown
fromarecord high of nearly $20to under $2.50— before
thisweek’sannouncement, it was at $1.40. Paladini
ascribes this to “a mismatch between market
understanding and therea opportunity”, adding that the
company needed better exposureto fully explainits
gory.

The startup plansto sell its soy and peaproteinswith
the meat proteinsembedded in the matrix, instead of
extracting and purifyingthelatter. It sdoingsoto“save
purification costsand focuson affordability”, Paladini
said. “Mest producersneed both proteins (soy and pig)
intheir processed meat products,” he added.

It would help Moolec disrupt not just the alternative
protein market, but the conventional sector too, joining
ahogt of companiestaking the blended meat approach.
These products can potentialy help consumersest less
mesat, making their dietsmoredimate-friendly asaresult,
and increasing the credence of plant proteins. Only
recently, US meat purveyor Pat LaFriedarolled out a
50Cut Burger using Mush Foods mycdium-beef blend,
whileAustraia’'sHarvest B ventured into the category
with blended beef and lamb products, and New York
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City’s Bjork Cafe & Bistro introduced a 50-50
Mestloaf that combineditsbeef mincewith Havredas
favabean grounds.

Source: Green Queen

Everything You Need to Know About
Omega-5s

your omega-3s in. But did you know that
your salmon steak isalso |oaded with omega-5s?

Omega-5s? There are more omegas? Yep—and if
you' venever heard of them before, you' renot aone.

“While omega-5 fatty acids provide many similar
health benefits as omega-3 fatty acids, wetend to
hear |ess about them because they are more difficult
to get from foods or through our diet,” says Rima
Kleiner, adietitian basedin McLean, Virginia.

If you look closely, you might even find an omega-5
supplementsinthe vitaminaise inyour grocery store.
Keep reading to learn all about omega-5s, its health
benefits, and supplementation considerations.

What ar e omega-5s?

Like omega-3s, omega-5s are fatty acids. “Also
known as punicic acid, omega-5 is a long chain
polyunsaturated fatty acid found in certain seed oils
like pomegranates,” says Michelle Routhenstein,
R.D., apreventive cardiology dietitian based in New
York City. Fatty acidshelp carry out severa functions
of the body, including influence cell and tissue
metabolism, regulate hormone responses, and assist
incognitivefunction.

Jena Brown, R.D., of Victorem Performance
Nutrition in Brenham, Texas, further explainsthat that
thistype of polyunsaturated fatty acid isaconjugated
linolenic acid with three double bonds beginning at
thefifth position from the methyl (or omega) end of
thefatty acid.

What arethe health benefits of omega-5s?

So far, the research on this nutrient has been
preliminary looking at itseffect on inflammation and
cancer prevention, but there's abig caveat: Most
studies are conducted in mice, so you can’'t exactly
extrapolate conclusive benefits to humans,
Routhenstein says.

That said, early findings are promising that omega-
5shave similar health benefitsto that of omega-3s,
including anti-inflammatory and antioxidant
properties, saysKleiner. Some of the health benefits
of omega-5s include lowering inflammation that
causes chronic diseases (like heart disease, type 2
diabetes and certain cancers), supporting brain and
skin health, and improving HDL cholesterol and
insulin sensitivity. Again, the majority of these
studies on diet-induced obesity and insulin resistance
areanimal studies.

Omega-5's has gained some attention for their
therapeutic potential. They’ ve been morerecently
researched for their effects on cognitive and brain
health, including its use in preventing certain
neurological disorders.

“Neurodegenerative diseases affect millionsof people
worldwide. Punicic acid’s anti-oxidative and anti-
inflammatory effects are being explored for the
prevention and treatment of neurodegenerative
diseases, however, there are challengesto overcome
beforeitsusefor therapeutic use, such asthebody’s
slow ability to absorb and useit,” Brown says.

What arefood sour ces of omega-5s?

We likely hear less about omega-5 fatty acids is
because they are more difficult to obtain from your
diet than omega-3 fatty acids. “We can get omega-
3sfrom several foods—particularly fatty fishlike
salmon, tuna and sardines, shellfish like lobster,
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scallopsand oyster and some plant foodslike walnuts
and flaxseed,” Kleiner says.

There are only a few known foods that contain
omega-5 fatty acids, though. They include:

sdmon
coconut oil
pomegranates and pomegranate seed oil

You can probably skip fixating over getting certain
amounts of omega-3s, omega-5s, and omega-6sin
your diet, though, Kleiner says. Just work on
mai ntaining abalanced, healthy diet where you eat
foodsinall colorsof the rainbow.

“While it is important to understand that these
polyunsaturated fats like omega-3s and omega-5s
are essential and provide many health benefits, try
not to get too focused on consuming specific
nutrients,” says Kleiner. Instead, she encourages
focusing on consuming avariety of nourishing and
nutrient-rich foodsrichin protein, fiber, and heart-
hedlthy fats.

Should | takean omega-5 supplement?

No surprises here: omega-5 supplements are
typically made from pomegranate seed oil. So much
so that theword ‘ pomegranate’ may even be part of
the product’stitle. “Omega-5 supplements are often
combined with polyphenol extracts from
pomegranates or other blends,” saysBrown.

Sincethe health benefits of omega-5s haven’t been
proven, you can probably save your money onthese
products. If you' reitchingtotry it, you should always
consult with your doctor or dietitian beforetaking a
new supplement. ” An optimal dosage for health
benefits has not been established, and moreresearch
iIsneeded for safety and effectiveness,” saysBrown.

What are the risks of taking an omega-5
supplement?

Just to makeit clear: “ Caution should be takenin
recommending omega-5 supplementation, as the
preliminary findingsarefound in ratsand mice, and

not humantrials,” says Routhenstein. Thus, wedon't
have definitivefindingsonits effects—which could
pose potential harm, especially inthosewith certain
medical conditionsor taking certain medications.

Bottom line: Skip buying the pomegranate oil
supplement and save the cash until science says
otherwise.

Source: AOL

FDA proposesnutritional information on
the front of food packages.

Packaged foods often come with anumber of health
claims, which canmakeit confusing for peopleto know
what’sgood or bad for them.

The Food and Drug Administration on Tuesday
proposed anew rulefor nutrition label s on packaged
food and drinksthat’sintended to hel p people make
hedlthier choicesat aglance.

Under the proposed rule, which shopperscould seeas
early as 2028, food manufacturerswould berequired
to display levels of saturated fat, sodium and added
sugar onthefront of the packaging, in additionto the
standard nutrition labels on the back.

Packaged foodsin the United States often comewitha
number of health and nutrition claims, which can make
it confusing for consumersto know what'sgood or bad
for them, said Lindsey Smith Taillie, a nutrition
epidemiologist at the University of North Carolina
Gillings School of Globa Public Hedlth.

Fruit drinks, for example, may advertisehighlevelsof
vitamin C onthefront of the bottle, making them seem
like a healthy choice, but at the sametime, they are
loaded with added sugar, Smith Tailliesaid.

Theideaisthat by placing certain nutritioninformation
directly infront of consumers, they’ll bemorelikely to
make health-consciousdecisions.

“Webdievethat food should beavehiclefor wellness,
not acontributor of chronic disease,” RebeccaBuckner,
the FDA's associ ate deputy director for human food
policy, said onacall with reporters.
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Nutrition Info

Per serving % Daily
1 container Value
Saturated Fat 18% Med
Sodium 37% High

Added Sugars 5% Low

FDA.gov

The proposed front-of -package |abel swould include
saturated fat, sodium and added sugar, along with
whether productscontain high, medium or low amounts
of thenutrients.U.S. Food & DrugAdminigtration

The FDA's proposed front-of-package |abel would
include theamount of saturated fat, sodium and added
sugars and whether those amounts are considered
“low,” “medium” or “ high.”

FDA officialssaid thelabd it landed on wasbacked by
science, including abody of research, consumer focus
groupsand an agency-led study of nearly 10,000 adults
that looked at how people responded
to severd possibledesigns.

Saturated fat, sodium and added sugar were chosen as
the three nutrients because research shows they’re
leading contributorsto chronic disease, including cancer,
heart disease and diabetes, Buckner said.

“1 think peoplewant to know thisinformationto help
themmakegood decisons,” said Dr. Yian Gu, anutrition
epidemiologist at the ColumbiaUniversity Medical
Center inNew York City.

Theextrainformation won’t do much good if people
aren’t aware of how certain nutrients, such assaturated
fat, can affect their health, Gu said, adding that more
work needsto be done on educating peopleabout their
nutrition.

The FDA proposed thelabelsamid high ratesof diet-
related chronic diseases, such as Type 2 diabetesand
heart disease, inthe United States. Heart diseaseisthe
leading cause of death inthe United States, accounting
for 1inevery 5 deaths, according to the Centersfor
Disease Control and Prevention. About 1 in 10
people have diabetes, mostly Type 2 diabetes. And

about 2 in 5 adults have obesity, the CDC says.

“These diseases are not coming from nowhere,” Gu
said. “If peopleare not aware of the science behind all
of thisnutrition, they will not pay attentiontoit.”

Thefront-of-package labelswouldn’t go into effect
immediately, according to the FDA. The proposal
includesa120-day comment period, after which the
agency may make additional changesto the proposal
or findizethenew rule.

Largefood manufacturerswould havethreeyearsafter
theruleisfinaized to makethe changesto most of their
products, theagency said. Smaller manufacturerswould
get an additional year toimplement the changes.

Whileit’snot the FDA'sintention, Buckner said the
new food labels could lead food manufactures to
reformulate their products so they could movetothe
“low” or “medium” categories.

The Consumer BrandsAssociation, an industry trade
group, has opposed themandatory labeling, saying the
FDA isconsdering“schemeswith arbitrary scalesand
symbolsthat could cause confusion among consumers.”

Sarah Gdllo, senior vice president of product policy at
the Consumer BrandsAssociation, said in astatement
that thegroup hasingtead pushed the FDA to collaborate
onindustry-ledinitiatives, including Facts Up Front,
which allows food manufacturers to voluntarily
summarizeimportant nutrition information— such as
calories, saturated fat, sodium and added sugars— on
thefront of packaging. Theindustry hasal sointroduced
SmartLabel, which alowsconsumersto accessdetailed
nutritiona information viaQR codes, Gallosaid.

Will thelabelsaffect consumers habits?
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Putting nutrition labelson thefront of packagesisn’'ta
new concept — at least outside of the United
States. Dozens of countries, including the United
Kingdom, Mexico, Chile, Austrdiaand New Zedand,
haveimplemented Smilar measures.

Since 2016, packaged foods in Chile had black,
hexagonal labels on the front stating whether the
productswerehighin caories, saturated fat and sugar.

In2016, Chileintroduced mandatory labelsonthefront
of packaging, derting consumersto highlevelsof sugar,
saturated fat and other potentialy harmful ingredients.

In 2022, Brazil aso implemented mandatory front-of-
packagelabelsfor products.

Colleen Tewksbury, an assistant professor of nutrition
scienceat theUniversity of Pennsylvania, said research
hasfound that the label sdo influence what people buy
inthosecountries.

However, shesaid, thefindingsmay not easily trandate
tothe United States, where* individuaism” prevalsand
consumersdon’t “want to betold what to do.”

Often, she said, the peoplewho changetheir buying
behaviorswerethe oneswho were aready looking to
make changes.

“Researchisreatively clear that having very smplistic
front of packaging labeling doescatch people sattention,
but the second step to that iswhether or not it changes
purchasing behaviors,” Tewksbury said. “Wereally
don't know if it's going to fully impact people’'s
purchasing habits.”

Smith Taillie, of the University of North Carolina,
questioned whether the new label would help people
make healthier choi ces, noting that the design looks
similar to what’s already found on the back of food
packaging.

Shea so said the front-of-package label could cause
confusion among shoppers by including daily value
percentagesand alow-to-high ranking system.

“A ‘low’ in sugar label on a product that does not
typically contain sugar anyway may lead consumersto
think aproduct ishedthier thanitis,” shesaid.

What's more, she added, items that come in small
portion sizes— like salty potato chips— are unlikely

toget the* high” designation, also giving peopleafase
impression about their hedlthiness.

SOURCE: FDA

Black Soldier Fly Oil: Production,
Benefits, and Applications

Introduction

Black Soldier Fly ail provides significant nutritional
benefits for many animal species while offering a
sustainable alternative to increasingly limited
conventional resources. Itsdiverse uses and unique
propertiesmakeit apromisingingredient acrossmultiple
sectors.

What IsBlack Soldier Fly Oil?

Black Soldier Fly oil isderived from thelarvae of the
Black Soldier Fly (Hermetiaillucens), aninsect native
to South Americabut now found worldwide. These
larvae can transform large amounts of organic matter
into valuablenutrients, being particularly richin protein
andfat. The extracted oil isespecially noteworthy for
its high content of essential fatty acids, vital for the
bal anced nutrition of many animal species. Initidly used
inanimd feed, itisnow seen asa sustainabledternative
totraditiond oils (e.g., fishail or certain vegetableails)
whose production puts increasing pressure on the
environment.

TheProduction Process

The production of Black Soldier Fly oil beginswith
rearing larvae on organic substrates (agricultural by-
products, residuesfrom thefood industry, etc.). This
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step exemplifies circular economy principles by
converting waste materiasinto valuable proteinsand
fats. Oncethelarvaereach maturity, they areharvested
and processed. Various methods (pressing, grinding,
drying) are used to separatethe protein (insect meal)
fromtheail (insect ail), ensuring that key nutrientsremain
intact. Theresulting oil ishighly versatile: it canbeused
inanima feed, cosmetics, or even biofuel production.

Nutritional Benefitsand Applicationsin Animal
Feed

Primarily usedinanimd feed (aguaculture, poultry, pig
farming, and pet food), Black Soldier Fly ail is notable
foritsessentid fatty acid profile. It containsasubstantia
proportion of lauric acid (around one-third), knownfor
itsantimicrobia propertiesand positive effectson the
gut microbiome and digestion.For chickens, for
example, lauric acid is not naturally synthesized.
Incorporating Black Soldier Fly oil intotheir diet thus
offersasgnificant hedth advantege.

Comparisonwith Other Traditional Oils

- Fishoil: whilerichinomega-3fatty acids, it faces
growing concernsdueto overfishing and resource
depletion.

- Vegetableoils(pam, soybean, rapeseed, sunflower,
etc.): their production isoften concentratedina
limited number of countries, making supply chains
vulnerableto disruptionsand pricehikes.

By contrast, Black Soldier Fly oil can be produced
localy inmost regions. Itsgrowingindudtridization dso
meakesitincreasngly competitivefrom both aneconomic
and environmenta standpoint. Nutritiondly, it tandsout

for itsfatty acid profile (lauric acid, pamitic acid, and
linoleic acid), opening up new possibilitiesfor enriched
anima feed formulations.

Other Applicationsof Black Soldier Fly Oil

- Cosmeticsand Skincare: Itsbeneficid fatty acids
makeit an appealing natural ingredient for creams
andmoidurizers.

- Pharmaceutical Industry: Its antimicrobial
properties, low environmenta impact, and potentid
benefitsforimmuneand digestivehedtharedrawing
attention.

- Biopolymers and Bioplastics: It can serve asa
promising raw material for producing more
sugtainablematerias.

- BiofudsandBiodiesd: It hasthepotentid toreplace
traditional fossil fuels, helping to reduce carbon
footprints.

Conclusion

Black Soldier Fly oil ismorethan just an animal feed
ingredient: itisasustainable, nutrient-rich solution that
canlower environmenta impact whileimproving anima
hedlth. Asindustriesseek moreeco-friendly practices,
Black Soldier Fly oil emergesasapromising aternative
totraditiona ails, fitting neatly into circular economy
initiatives. Whether you' re aiming to enhance animal
health or reduce your environmental footprint, thisoil
standsout asahigh-potentia innovation.

Source: Compagnie des Insectes
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GERANIUM ESSENTIAL OIL

I ntroduction

Rose scented geranium (Pelargonium graveolensL..)
of genus Pelargonium L. Herit, belonging to family
Geraniaceae, isone of the economically important
aromatic plantsfrom which highly prized geranium
essential oil for thetradeisextracted for flavour and
fragranceindustry. Geraniumoil ishighly valuablefor
its profound and strong rose like odour. L eaves of
rose scented geranium are densely pubescent and
arehighly aromaticin nature. The colour of geranium
oil isdightly yellowish with pleasant odour, insoluble
inwater and solublein alcohol.

Essential oil of geranium contains two types of
constituents i.e. alcohol and esters. The marker
componentsare citronellol, and geraniol. Geranium
essential oil is parallel to rose oil owing to some
identical constituents. Geranium essential oil is
bas cally usedinindustriesin particular in perfumery,

beauty and aromatherapy industriesall around the
world. It isone of the quality skin careoilsasitis
used for opening skin pores and cleansing
complexions. Other additional common uses of
geranium essential oil are in infectious disease
treatment, haemorrhoids, inflammation, serious
amenorrheaand even cancer. In the French medical
profession, it isused in the treatment of polygenic
disease, diarrhoea, vesica issues, internal organ
ulcers, jaundice, liver issues, sterility and urinary
stones. Leavesarea o utilized asherb drinksto fight
anxiety andrelievestrain.

Botanical Name: Pelargonium graveolens
L.of genus Pelargonium L. Herit

Geranium Harvest

At each cutting, if thisisdone manually, theentire
canopy is removed with the exception of one
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complete branch whichisleft to continue to supply
nutrientsto the plant. When sufficient new leaf growth
has been made to support the plant’s growth, the
remaining branch is cut. With mechanised forage
harvesting, the complete canopy iscut, and care must
be taken that the cutting height is not set too low, or
regrowth will be slow, and the plantsmay die.

Thecropiseffectively along term perennial and can
remaininthefieldfor 10 or moreyears. Commercial
lifewill depend on the health and vigour of the stand
and the rotation requirements of the farm. 3to 5
years may prove to be an economic and practical
croplife.

Optimal Timing: Plants are harvested when they
reach maximum biomass, idedlly just before or during
peak bloom.

Method: Aerial parts (leaves and stems) are cut,
typically by hand or mechanical harvesters.

Pre-Processing: Harvested material isoftenleft to
wilt or semi-dry for several hoursto aday toincrease
oil concentration and reduce moisture before
distillation. The cut material should be distilled the
sameday asitiscut. Distillationisby wet steam. Oil
yields should beintherange of 60-70 kg/halyear.

Production and Extraction

Method: The primary method isasteam distillation
which passes steam through the leavesto release ail.
Steam distillation isaspecialized separation process
used to isol ate temperature-sensitive compounds,
such asessentia oilsand aromatics, by passing steam
through the material. By creating a mixture of
immiscibleliquids (water and oil), the system boils
at a lower temperature than the components’
individual boiling points, preventing thermal
decomposition.

Yield: Approximately 500 kg of leaf material yields
around 1 kg of concrete (concrete is about 0.2%

yidd).

Advanced Techniques: Other methods like
supercritical fluid extraction, microwave-assisted

extraction, and solvent extraction are used for higher
quality or yield, with supercritical extractionyielding
up to 2.53% under optimized conditions.

Global Production

Top Producers: Egypt istheleading producer (200-
230 tonnes), followed by China (50 - 80 tonnes),
and Madagascar (5 tonnes).

Industry Demand: Strong demand existsfor natural,
high-quality aromatic oilsin pharmaceutical s and
cosmetics.

Geranium cultivation isconsidered asustainableand
profitableagricultural initiativefor farmers, offering
high-income potential while supporting crop
diversfication.

Composition of Geranium Oil: Geraniumoil is
complex incomposition, and differs(ischaracteristic)
by origin. The primary characteristics of the two
maj or sources on the market, Egyptian and Chinese
are

Major Constituents :
Egyptian type

Citronellol 32-43%/ 25-36%

Chinese type /

Geraniol 5-12%/ 10-18%
6,9-Guaiadiene 3-7% up to 0.5%
10-Epi-a-Eudesmol and Others 3-6%
Key Benefits

Skin Care: Known for balancing sebum, treating
acne, eczema, and dermatitisdueto itsantimicrobial
and anti-inflammatory properties.

Aromatherapy: Used to alleviate anxiety, uplift
mood, and promote relaxation.

Natural Repellent: Acts as an effective, natural
insecticide.
Health Benefits: Contains compounds such as

citronellol and geraniol that provide antioxidant and
anti-inflammatory benefits.
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LAUGHAND LOUD

. | asked the guy sitting next to meif he had any
Sodium Hypobromite...

. HesadNaBroO

kkhhkkkhhkkkhkhhkkhkhhkkhkhhkkk*k

- Why wasthe mole of oxygen moleculesexcited
when hewalked out of thesinglesbar

Hegot Avogadro's number?

kkhkhkkkhkkhkkhkhhkkhkkhkkhkkhkkkk

. Asanionchromatography chemist | madethisone
up:
. Anionsaren't negative, they'rejust misunder stood.

kkhkhkkkhkkhkkhkhhkkhkkhkkhkkhkkkk

. What emotiona disorder doesagaschromatograph
suffer from?

Separation anxiety.
khkkhkhkhkhkhkhkhkhkhkhkhkhkkkxx

- What did onetitration say to the other?

"L et'smeet at theendpoint.”

Copper -Cu, and Tellurium ( Te ) makes ared
CUTE couple.

kkhkhkkkhkhkkkhkhkkhkhkkhkhkkhk*k

. Why was Searc Crow get aNobel Prize?
. Hewasoutstandingin hisfield.

kkhkhkkkhkhkkkhkhkkhkhkkhkhkkhk*k

. Did you know about the Scientists who had
TWINS?

. They namethem ALISON and CONTROL

kkhkhkkkhkkhkkhkhhkkhkkhkkhkkhkkkk

. Tiredof Signd REDLIGHT ?
. Travel at 114,004,827 mph. This velocity will

BLUESHIFT them enough to appear GREEN.

kkhkkkkhkkkhkkkhkhkkhkhkkikkx

. How do you tell if someoneisa CHEMIST or

PLUMBER?

. See, how they pronounced UNIONIZED.

kkhkkhkkkkhkkkhkkkhkkkikkk*k

You will meet awoman who wants to know all
about you.

Redlly, wherewill wemeet?

AtaBiology lab.

kkhkkhkkkkhkkkhkkkhkkkikkk*k

. Why didtheAcidicwater gt aGY M Membership?
. Itwanted to beaBuffer Solution.
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WHY COCOAHOLDSSECRET TOKEEPYOUR BODY YOUNG
by R.C.ARORA (Ex. Manager Q.C. - SF.F.l., New Delhi)

New study by UK scientists suggeststhat anatural
plant compound called theobromine, which is
abundant in cocoa, can potentially dow down cellular

ageing.

Theobromineisthe primary alkaloid found in the
Theobroma ( that's Greek for food of the gods) cacao
plant. Apart from polyphenols, that's what makes
cocoataste bitter. Theobromineisalso foundintea
and coffee, though in lesser amounts.

Published inthejournal Aging, the study by King's
College, London researchers compared theobromine
levelsin blood of people (average age 60) in two
European cohorts. Blood- based biological ageing
makers were used to analyse their DNA. These
markerswere based on patterns of "bookmarks' on
our DNA , called methylation, that change over the
course of our lives. The research found that those
with higher theobromine in their blood had a
biological agelower than their actual age.

Which chocolates have mor e of theobr omine ?
- Cocoapowder, 2634 mg*

- Unsweetened baking chocolate, 1297

- Dark chocolate (70-85% cocoa), 802

- Dark chocolate (60-69% cocoa), 632

- Dark chocolate (45-59%), 493

- Hot cocoa, 68

*all measures per 100 gm.

300-600mg issafeto consumedaily. It'simpossible
for humans to consume toxic amounts from
commercial chocol ates.

According to Jordana Bell, Study Author and
Professor, King's College, London; Theobromine
might be affecting gene activity that contributesto
aging and health. While we're not saying people
should eat more dark chocolate, thisresearch can
help us understand how everyday foods may hold
cluesto healthier, longer lives.
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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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