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The Bio-
availability Problem
Why how much you swallow is rarely how much you absorb.

A supplement label tells you the dose in the capsule. It almost never tells you how much of that dose
reaches your bloodstream — often a small and sometimes a vanishing fraction. This paper explains
absorption from first principles: the ADME journey, the first-pass metabolism that destroys many
compounds before they arrive, the four-class system that predicts absorbability, and what the
evidence really shows for curcumin, omega-3, resveratrol, quercetin, and magnesium.
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DOSE IS NOT EXPOSURE

How much actually gets in

The most common mistake in supplement marketing is to treat the number on the
label as the amount that reaches your body. It rarely is. Between the mouth and the
bloodstream lies a gauntlet of dissolution, absorption, and metabolism that can
discard 90% or more of a dose before it ever does anything. Understanding that
gauntlet — and the genuine science of improving passage through it — separates a
meaningful formulation from a marketing number.

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? This paper develops the Delivery axis in full: a compound's
absorption class, the metabolism it must survive, and whether a formulation's claimed improvement is
real exposure or merely a higher level of inactive by-products.

1 · ADME and the first-pass bottleneck
Bioavailability (written F) is the fraction of an ingested dose that reaches the systemic circulation in
active form. Its fate is described by ADME — Absorption, Distribution, Metabolism, Excretion. For
most oral compounds the decisive bottleneck is first-pass metabolism: after absorption through the
gut wall, blood travels first to the liver, where enzymes (and the gut wall itself) chemically modify
many compounds — attaching sugar groups (glucuronidation) or sulfate groups (sulfation) — before
they ever reach general circulation. These conjugated forms are usually water-soluble and
biologically inactive, built for excretion. For compounds like resveratrol and curcumin, this first pass
inactivates the overwhelming majority of the dose.

2 · How bioavailability is measured
Bioavailability is read from a pharmacokinetic curve — a plot of blood concentration over time after
a dose. Three numbers summarise it. Cmax is the peak concentration reached. Tmax is the time taken
to reach that peak (a proxy for absorption speed). And AUC — the area under the curve — is the
integrated total exposure, the single most important measure of how much actually got in. Absolute
bioavailability compares oral exposure to an intravenous dose (which is 100% by definition); relative
bioavailability compares one oral form to another. A formulation that raises AUC has genuinely
increased exposure; one that only sharpens Cmax has changed timing.

3 · The four-class map (BCS)
In 1995, Amidon and colleagues introduced the Biopharmaceutics Classification System (BCS), now
embedded in FDA guidance.1,2 It sorts compounds by two properties — solubility (will it dissolve?)
and permeability (will it cross the gut wall?) — into four classes. Class I (high/high) is well absorbed.
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Class II (low solubility, high permeability) is absorption-limited by dissolution — this is where
curcumin sits, and where most “enhancement” technology is aimed. Class III (high solubility, low
permeability) needs help crossing the membrane. Class IV (low/low) is the worst case. The FDA's
thresholds are concrete: “highly soluble” means the largest dose dissolves in 250 mL of aqueous fluid
across the physiological pH range, and “highly permeable” means at least 85% of the dose is
absorbed.

4 · Six real compounds
Curcumin (Class II). The landmark 2007 review by Anand and colleagues called curcumin a paradox:
safe even at very high doses (human studies have used up to 12 g/day) yet barely bioavailable, with
oral bioavailability around 1% in rats because of poor absorption, rapid metabolism, and rapid
elimination.3,4 Its aqueous solubility is measured in nanograms per millilitre.

Curcumin + piperine — the famous number. A 1998 study reported that 20 mg of piperine (a
black-pepper compound that inhibits glucuronidation) raised curcumin bioavailability by 2000% in
humans.5 The mechanism is real, but the figure is fragile.

CLAIM vs EVIDENCE — the “2000%” curcumin number

The 2000% figure rests on a single small study in which the curcumin-only control produced blood
levels below the limit of detection — so the increase was calculated by dividing by a near-zero
baseline, which is mathematically unstable and has never been robustly replicated at that magnitude.5,6

Piperine genuinely slows curcumin's breakdown; the headline percentage should be read as illustrative,
not exact. Treat any “2000% absorption” marketing as a claim, not a measurement.

Omega-3 (EPA/DHA) — form matters. A 2010 study in 72 volunteers compared formulations: relative
to natural fish-oil triglyceride (set at 100%), re-esterified triglyceride absorbed at 124% (better),
free fatty acid at 91%, and ethyl ester at 73% (worse).7 Absorption also rises sharply when omega-3 is
taken with a fatty meal. The practical rule: take it with dietary fat, and prefer triglyceride forms over
ethyl esters.

Resveratrol — absorbed but not available. About 70–75% of an oral resveratrol dose is absorbed, yet
its bioavailability is well under 1%, because the intestine and liver almost completely convert it to
inactive sulfate and glucuronide forms.8 Escalating the dose does not meaningfully raise the active
compound in blood.

Quercetin — the sugar changes everything. In a careful 1995 study in volunteers, absorption
depended on the attached sugar: quercetin glucosides from onions absorbed at about 52%, the
pure aglycone at 24%, and the rutinoside at 17%.9 The conclusion — that conjugation with glucose
enhances absorption — reshaped how flavonoids are understood, though the exact mechanism was
later debated.10

Magnesium — the label-versus-reality case. Forms differ sharply. Magnesium oxide is poorly
absorbed (fractional absorption around 4%) but is cheap and dense in elemental magnesium, so it
dominates “high-mg” labels; magnesium citrate is more soluble and better absorbed; glycinate is well
absorbed and gentle on the gut.11 A high milligram number on the label can therefore deliver less
usable magnesium than a smaller dose of a better-absorbed form.

5 · Enhancement strategies — and a crucial caveat
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Because so many actives are Class II, an entire industry exists to improve their delivery: metabolism
inhibitors (piperine), phospholipid complexes (“phytosomes”), submicron and colloidal dispersions,
liposomes, and nanoemulsions. For curcumin specifically, well-conducted studies show genuine
multiples: the phytosome form Meriva absorbed roughly five times better than unformulated
curcumin in animals, and a 450 mg dose was reported comparable to about 4 g of standard 95%
curcumin in humans;12 the colloidal dispersion Theracurmin showed peak levels around 18–20
times, and total exposure (AUC) roughly 36–43 times, that of curcumin powder.13

CLAIM vs EVIDENCE — a higher blood level is not always more activity

Many “fold-increase” numbers (some exceeding 40×) are manufacturer-reported and, critically, often
measure total curcumin including its inactive conjugated metabolites — the glucuronides and sulfates
that do not readily enter cells or cross the blood-brain barrier. A larger plasma number can therefore
overstate the increase in active compound reaching tissues. NutrIndx weighs formulations by
clinical-outcome evidence where it exists, not by plasma multiples alone.

6 · The lens, applied
Table 4 collects the measured figures. The throughline: dose on a label is not exposure in your blood,
the right form can matter more than the milligram count, and a credible “enhanced” product proves
its claim with AUC and ideally clinical endpoints — not a percentage with no denominator.

Compound / form Absorption or PK figure Source

Curcumin, standard ~1% (rat); near-undetectable in human serum Anand 2007; Yang 2007

Curcumin + piperine reported +2000% (unstable baseline) Shoba 1998

Curcumin, Meriva (phytosome) ~5× (rat); 450 mg ≈ 4 g standard (human) Cuomo 2011

Curcumin, Theracurmin Cmax ~18–20×; AUC ~36–43× vs powder PK study (PMC9097512)

Resveratrol ~70–75% absorbed; bioavailability <1% Walle 2011

Quercetin glucosides (onion) ~52% absorbed Hollman 1995

Quercetin aglycone ~24% absorbed Hollman 1995

Omega-3, re-esterified triglyceride 124% vs natural fish-oil triglyceride Dyerberg 2010

Omega-3, ethyl ester 73% vs natural fish-oil triglyceride Dyerberg 2010

Magnesium oxide ~4% fractional absorption Firoz & Graber 2001

Magnesium citrate more soluble, better absorbed than oxide Firoz & Graber 2001

Table 4 · Measured bioavailability by compound and form. Figures as published; contested values flagged in text.
Sources 3–13.

A consumer's checklist
• Is the compound poorly absorbed by nature? (Curcumin, resveratrol are classic Class-II cases.)

• Does the product report AUC, not just a peak or a bare percentage?

• Is the “fold increase” independent or manufacturer-reported — and does it measure active
compound or total (including inactive metabolites)?
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• Is the form optimised? Omega-3 as triglyceride with food; magnesium as citrate/glycinate rather
than oxide where absorption matters.

• Does any clinical outcome back the absorption claim, or only a blood level?

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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