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Extraction
Science
How a plant becomes a capsule — and why the method changes the
molecule.

Two bottles can both say “turmeric extract” and contain almost entirely different chemistry. The
extraction method — the solvent, the temperature, the pressure — decides which compounds survive
the journey from plant to capsule and in what ratio. This paper explains the main extraction routes,
what “standardised to X%” does and does not promise, and how laboratories catch the adulteration
that pervades the botanical market.
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FROM PLANT TO MOLECULE

Why the method changes the molecule

A botanical is not a single substance; it is a chemical library of hundreds of
compounds locked inside plant cells. Extraction is the act of choosing which of those
compounds to pull out and concentrate. Change the solvent or the temperature and
you change the selection — sometimes enriching a fragile active, sometimes
destroying it, sometimes leaving it behind entirely. This is why “extract” on a label is
the beginning of a question, not the answer to one.

HOW WE WEIGH THE EVIDENCE

Every NutrIndx paper scores claims on three axes. Evidence grade (after GRADE): how certain is the
science, from High to Very Low — randomised trials start high, observational studies start low.
Substantiation (after EFSA Articles 13/14): is the ingredient defined, the effect beneficial and
measurable in humans, and the cause-and-effect link actually shown? Delivery (after the
Biopharmaceutics Classification System): can the molecule even be absorbed as sold, and does the
formulation credibly change that? For extracts, the Delivery axis begins even earlier than absorption: if
the target compound was never captured, or was degraded during processing, no amount of
formulation downstream can recover it.

1 · Like dissolves like
The first principle of extraction is a chemist's proverb: like dissolves like. Polar solvents (water, to a
degree ethanol) dissolve polar compounds such as many polyphenols, sugars, and glycosides.
Non-polar solvents (and non-polar supercritical carbon dioxide) dissolve fats, oils, and many
aromatic terpenes. No single solvent captures everything, so the method is always a deliberate
trade-off matched to the target molecule — and a method optimised for one compound may be the
wrong tool for another in the same plant.

2 · Supercritical CO₂ extraction
Carbon dioxide has an unusual property: above its critical point — 31.1°C and 7.38 megapascals
(about 73.8 bar) — it becomes a supercritical fluid, flowing through plant material like a gas while
dissolving compounds like a liquid.1 Three features make it the food and supplement industry's
premium method. It runs at low temperature (often 35–60°C), protecting heat-sensitive actives. It
leaves no residual solvent — the CO� simply evaporates when pressure is released. And it is tunable:
raising pressure and temperature changes exactly which compounds are pulled out, so a single plant
can yield different fractions on demand.

Its limitation is the same as its strength: pure CO� is non-polar, so it extracts oils and terpenes
efficiently but captures polar polyphenols poorly unless a small amount of ethanol is added as a
co-solvent. Extraction conditions also change the profile, not just the yield. In turmeric (Curcuma
longa), supercritical-CO� conditions have been optimised at high pressure and elevated temperature
for curcuminoids and aromatic turmerones, producing a recovery profile that differs markedly from
a methanol or hexane extract of the same root.2,3
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3 · Solvent extraction: ethanol and water
The traditional workhorses are ethanol and water. They capture polar polyphenols efficiently and
are inexpensive at small scale, which is why most tinctures and many standardised extracts are
solvent-based. The cost appears afterward: these solvents also pull out waxes, chlorophyll, and
lipids, so the crude extract must be cleaned — winterised to drop out fats, then distilled to recover
solvent. Scaling raises cost, and any process using organic solvents must verify that residual-solvent
levels meet pharmacopoeial limits.

4 · Standardisation to marker compounds
To make batches consistent, manufacturers standardise an extract to a fixed percentage of a chosen
marker compound — for example curcuminoids in turmeric, withanolides in ashwagandha, or
anthocyanins in bilberry.4,7 Standardisation is genuinely valuable: it ensures one bottle resembles the
next. But its purpose is consistency, and consistency is not the same as efficacy.

CLAIM vs EVIDENCE — “standardised to 95%”

A label reading “standardised to 95% curcuminoids” is a manufacturing-consistency statement, not
proof the product works or is absorbed. Research shows that single marker compounds are often poor
predictors of a botanical's overall biological activity — the marker may not be the active, or not the only
active.5 A high marker percentage tells you the batch is reproducible; it says nothing on its own about
clinical effect or bioavailability (the subject of Paper 04).

5 · The marker fallacy: full-spectrum versus isolate
This sets up the long-running debate between full-spectrum extracts (which aim to preserve the
plant's natural ratio of many compounds, on the theory that they act together) and isolates (a single
purified compound, easier to dose and standardise). Neither is universally superior. Isolates give
precision and reproducibility; full-spectrum preparations may retain co-factors that a single-marker
number cannot capture. The honest position is that the answer is compound- and outcome-specific,
and that a marker percentage alone cannot settle it.

6 · Adulteration, and how laboratories catch it
Because botanicals are valuable and hard to identify by eye, the market has a persistent adulteration
problem. The American Botanical Council's Botanical Adulterants Prevention Program, founded in
2011, documents recurring schemes: substituting a cheaper species, diluting with inert filler, spiking
with cheap purified marker compound to pass a non-specific assay, and — most dangerous —
undeclared addition of synthetic drugs.6 The safety stakes are real: liver injury has been traced to
skullcap (Scutellaria) adulterated with germander (Teucrium).

The defences are analytical. HPLC and LC-MS quantify and fingerprint compounds; GC-MS is the
gold standard for volatile essential oils; DNA barcoding confirms raw-plant identity (though it is
weaker on processed extracts where DNA is degraded); and carbon-14 testing can distinguish a
genuinely plant-derived ingredient from a cheaper petrochemical synthetic. A credible supplier
publishes a Certificate of Analysis naming the methods used.

7 · The lens, applied
Table 2 compares the major routes on the factors that actually change the product. The recurring
marketing claim that one method is universally “best” does not survive contact with the chemistry:
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supercritical CO� is genuinely cleaner and solvent-free, yet it is the wrong choice for polar
polyphenols without a co-solvent, while ethanol captures those polyphenols but demands more
cleanup.

Method Typical conditions Best suited to Effect on compound profile Residual
solvent

Supercritical
CO�

Above 31.1°C / 7.38
MPa; often 200–400+
bar

Oils, terpenes,
non-polar actives

Preserves heat-sensitive
volatiles; weak on polar
polyphenols without
co-solvent

None (CO�
evaporates)

Subcritical CO� Lower pressure /
temperature

Fragile,
full-spectrum
aromatics

Retains delicate
constituents; lower yield

None

Ethanol Ambient to reflux Polyphenols, broad
spectrum

Broad capture including
impurities; needs winterising

Possible —
must be
tested

Water /
decoction

Heated aqueous Highly polar
compounds

Misses lipophilic actives;
stability concerns

None

Table 2 · The “best” method is matrix- and target-dependent, not universal. Sources 1–3.

A buyer's checklist
• Which method, and does it fit the target compound's polarity?

• Standardised to what, and is that marker actually the active — or just easy to measure?

• Is there a Certificate of Analysis naming the test methods (HPLC/LC-MS, GC-MS)?

• Full-spectrum or isolate, and does the claim match the evidence for that compound?

• Residual-solvent and identity testing — disclosed, or silent?

This paper is educational and summarises peer-reviewed science and regulatory positions current at the time of writing. It is not
medical, dietary, or clinical advice, and does not diagnose, treat, or make health claims about any product. Figures are reported as
published; where sources disagree or a number is contested, that is stated. Consult a qualified professional for individual guidance.
© 2025 NutrIndx.
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