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Abstract

This study presents a systematic meta-analysis of the chemical profiles of high-value seed oils derived from
flax, sunflower, and chia seeds. Utilizing data synthesized from recent peer-reviewed literature (2021-2025)
via Gas Chromatography-Mass Spectrometry (GC-MS), we compare how different extraction techniques
impact the concentration of fatty acids. Our findings highlight that while sunflower oil is best suited for
biofuel due to its moderate saturation, chia and flax oils offer superior nutritional value due to their high
Omega-3 content.
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AHHOTAUA

B nanHOM HcciieioBaHWY MPENCTABICH CUCTEMAaTHYECKUH MeTa-aHalIN3 XUMHYECKUX MPpoduiIei eHHBIX
pacTUTENBHBIX Macell, IMOMYYCHHBIX W3 CEMSH JIbHA, IOICONHEYHWKAa M una. VMcmonw3ys daHHBIE,
CHHTE3WPOBAHHBIC U3 MOCIEIHUX PEICH3UPYEMBIX HaydHBIX padoT (2021-2025 rT.) ¢ IOMOMIBIO Ta30BOH
xpomarorpadun-macc-cnexrpomerprn (I'X-MC), MBI CpaBHHUBaeM, KaK Pa3IMYHBIE METOIbI SKCTPAKIIHN
BITUSIIOT Ha KOHIICHTPAIIMIO KUPHBIX KUCIOT. Hamm pe3ynpraThl MOKa3bIBAIOT, YTO MOICOTHEYHOE MAaCIIo
JIy4IIIe BCETO TMOAXOMUT Jijisi OMOTOTLIMBA Oarofaps yMEepeHHOMY HACBIICHHUIO, B TO BPEMsI KaK Macja Jyua
Y JIbHA 00JIaJIaf0T MMPEBOCXOHON MUTATEIBHON IIEHHOCTHIO M3-3a BBICOKOTO coiepxanust Omera-3.
KuaioueBbie ciioBa

JIpHSHOE MacIo, OACOTHEYHOE Maciio, Macio uua, [ X-MC, *KupHbIE KUCIOThI, OMOTOTUTHBO, TUTAHUE

The global demand for sustainable sources of high-value lipids for both nutritional and
industrial applications present a significant challenge, as traditional sourcing often involves
resource-intensive agriculture. A meta-analysis approach allows for a critique of existing
extraction methods and final product utility without generating new waste or consuming lab
resources. This study synthesizes GC-MS data from recent literature (2021-2025) to compare the
potential of three distinct seed oils for biofuel versus nutritional use. Previous studies often focus



on single oil types; however, this comparative approach provides a broader blueprint for the
circular economy, identifying how chemical "fingerprints" dictate industrial utility.

The primary issue addressed is the categorization of flax, sunflower, and chia oils based on
their specific fatty acid profiles as determined by GC-MS. Recent GC-MS studies (2023-2025) for
flaxseed oil identify oleic acid (approx. 43.72%) and various volatile esters as key markers, while
germination-focused research recognizes up to 68 volatile compounds, highlighting a matrix
consistently rich in alpha-linolenic and linoleic acids [1-2]. Volatile profiling of sunflower oils
across various commercial and industrial processing units reveals a dominance of linoleic acid
(approx. 55-70%) and oleic acid (20-35%). Microwave-assisted enzymatic treatments of
sunflower seeds show that while processing induces minor changes, the triglyceride matrix
remains stable, supporting its industrial viability [3—4]. Finally, GC-MS data for chia oil
consistently identifies alpha-linolenic acid as the predominant fatty acid (approx. 60-65%). While
this makes the oil an excellent nutritional source, the high Polyunsaturated Fatty Acid (PUFA)
content results in poor oxidative stability, which is a critical factor for storage and industrial
processing [5].

Our analysis confirms that for biofuel applications, sunflower seed oil is the optimal
candidate due to its moderate saturation, providing a balance between cold-flow properties and
oxidative stability. Conversely, flax and chia oils are less suitable for long-term fuel storage as they
oxidize rapidly due to their high omega-3 content. For nutritional use, chia and flax oils provide
superior potential due to their high alpha-linolenic acid content, offering a favorable omega-
3/omega-6 balance for human health.
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