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Abstract: Clinical studies of Antarctic krill oil have examined joint
discomfort and inflammatory outcomes, with results differing by phenotype,
dose and duration. We characterized a phospholipid-rich BCLC® krill oil
prepared at low temperature under light-shielded and nitrogen-protected
conditions, then considered its formulation quality alongside the human
joint-health literature. In the optimized process, separable insolubles before
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filtration were reduced to 0.31%, and peroxide values remained at 2.5-2.7
meq/kg. Some randomized studies reported changes in inflammatory
markers or knee symptoms in mild-to-moderate populations. A 2024 trial of
262 adults with knee osteoarthritis, significant pain and MRI-defined
effusion-synovitis, however, found no pain benefit with 2 g/day krill oil over
24 weeks. The variation between trials points to omega-3 exposure, baseline
joint pathology and dose as relevant determinants of response.
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Introduction
Clinical interest in krill oil for joint symptoms has developed alongside a broader effort to

distinguish inflammatory discomfort from structurally advanced osteoarthritis. Early randomized
work reported changes in C-reactive protein and arthritic symptoms in mixed inflammatory
populations, while later trials focused more narrowly on knee pain, stiffness, physical function and
imaging-defined disease. The findings have not been uniform: benefits were reported in mild knee pain
and in mild-to-moderate osteoarthritis, whereas the KARAOKE trial found no pain advantage in
participants with substantial symptoms and MRI-confirmed effusion-synovitis [1]-[4]. This spread of
results makes population definition, baseline pathology, dose and treatment duration central to
interpretation rather than secondary trial details.

Krill oil also differs from conventional fish-oil preparations in its lipid matrix. EPA and DHA are
distributed across phospholipid and neutral-lipid fractions, and comparative work has examined how
that structure affects bioavailability and lipid responses [5]-[8]. These studies do not establish a joint-
specific effect by themselves, but they help explain why nominal grams of oil are an incomplete
description of exposure. For a formulation intended for repeated oral use, the proportions of
phospholipids and omega-3 fatty acids, together with oxidative quality, determine what is actually
delivered before any clinical endpoint is considered.

The manufacturing literature adds another layer to that question. Processing strategies for highly

active krill omega-3 ingredients are designed to preserve unsaturated lipids and reduce unwanted
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particulate or colloidal material, while clinical syntheses show that krill-oil interventions can modify
lipid-related biomarkers in some settings [9], [10]. At the same time, current inflammation research
emphasizes not only the generation of pro-inflammatory eicosanoids but also the formation and
resolution of lipid-mediator signals [11]. This is relevant to joint research because symptom change may
depend on biological context even when omega-3 exposure is measurable.

EPA and DHA can alter the fatty-acid substrate available to inflammatory pathways, although
the magnitude and clinical meaning of that shift vary by tissue, disease state and achieved exposure
[12], [13]. High-dose krill-derived omega-3 has also been studied outside joint disease, including severe
hypertriglyceridemia, illustrating the importance of defining the administered EPA/DHA dose [14].
Direct measurements of EPA and DHA incorporation into plasma phospholipids provide a practical
way to connect formulation intake with biological exposure [15]. Those considerations support
evaluating a krill-oil product at three separate levels: formulation quality, biochemical incorporation
and joint-specific clinical response.

A representative optimized batch of BCLC® Antarctic krill oil contained approximately 42% total
phospholipids, 7.8% EPA and 3.9% DHA. Processing also reduced separable insolubles and kept the
peroxide value low. We examined the relevance of this controlled oil matrix to published human
evidence on inflammation and joint health.

Formulation measurements, biomarker changes and clinical symptoms were evaluated as

separate levels of evidence.

Table 1. Formulation-performance profile of optimized and comparator Antarctic krill oil

preparations.
Preparaion  Yield% ' lOSPROlPId - ppio0  DHAY% PV~ Insolubles
Yo meq/kg Yo
Optimized 1 8.6 42.1 7.8 3.9 2.6 0.31
Optimized 2 8.5 41.8 7.7 3.8 2.7 0.33
Optimized 3 8.4 42.3 7.9 4.0 2.5 0.30
ingle 75%
Single 75% 7.8 38.7 6.9 34 3.4 0.68
ethanol
ingl %
Single 90% 8.0 39.2 7.0 3.5 3.2 0.60
ethanol
No 8. ¢ 8.5 41.6 7.7 3.8 2.8 0.52
standing
Materials and Method

Formulation-quality evaluation

The optimized oil was produced by dual-concentration extraction with food-grade ethanol. After
standing at 8°C, the extract was centrifuged and membrane-filtered, concentrated at low temperature
under light protection and desolventized under nitrogen. Separable insolubles before filtration were
measured as an indicator of clarification. Peroxide value described oxidative quality.
Comparator conditions

Comparator oils were prepared by a single extraction with 75% ethanol, a single extraction with
90% ethanol, or by omitting the 8°C standing step. The last condition was used to examine the
contribution of low-temperature flocculation and sedimentation before filtration.
Clinical evidence synthesis

We reviewed randomized studies reporting joint pain, osteoarthritis symptoms, C-reactive

protein or other inflammatory outcomes. Study populations, krill-oil dose, duration, EPA/DHA

American Journal Of Bioscience And Clinical Integrity | 15




Ziraoui, A. et al. /Biojournal Vol 3 (9), September

exposure and the presence of effusion-synovitis were recorded because these conditions differed across

trials.

Table 2. Randomized human evidence relevant to krill oil, inflammation and joint health.

) . ) Joint/inflammatory
Study Population/design Dose/duration .
observation
Reported reductions in
90 people with CRP and
elevated CRP and o improvements in pain,
. 300 mg/day krill oil, 30 )
Deutsch, 2007 cardiovascular d stiffness and
ays
disease, rheumatoid y functional
arthritis and/or OA impairment, mixed

diagnostic population.

. . Reported

50 adults with mild ) ]
) improvements in knee

knee pain, o S
. ) 2 g/day krill oil, 30 pain/stiffness, blood
Suzuki et al., 2016 randomized double- )
blind days inflammatory markers
in

placebo-controlled were not materially

changed.
. . Modest improvements
235 adults with mild- ] )
. in WOMAC pain,
moderate knee OA, 4 g/day krill oil, 6 . .
Stonehouse et al., 2022 ) stiffness and physical
multicenter double- months ]
] function, Omega-3
blind RCT .
Index increased.
262 adults with knee
OA No between-group
L " . improvement in knee
significant pain and 2 g/day krill oil, 24 .
Laslett et al., 2024 pain, illustrates
MRI weeks .
. . population/dose
effusion-synovitis, )
. heterogeneity.
multicenter RCT

Results
Clarification and oxidative quality

The representative optimized process produced 0.31% separable insolubles before filtration.
Values were 0.68% after single 75% ethanol extraction and 0.60% after single 90% ethanol extraction.
When the 8°C standing step was omitted, insolubles increased to 0.52%. Peroxide values in the
optimized preparations were 2.5-2.7 meq/kg, compared with 3.4 and 3.2 meq/kg in the single-
concentration controls.
Human inflammatory and joint evidence

Deutsch studied a mixed population with cardiovascular disease, rheumatoid arthritis or
osteoarthritis and reported lower CRP and improved arthritic symptoms with 300 mg/day krill oil [1].
In a separate 30-day trial, Suzuki et al. found improvements in mild knee pain and stiffness with 2
g/day krill oil. Blood inflammatory markers changed little [2].

Stonehouse et al. followed adults with mild to moderate knee osteoarthritis for 6 months. Krill
oil at 4 g/day produced modest improvements in pain, stiffness and physical function, and the Omega-
3 Index increased [3]. The 2024 KARAOKE trial enrolled 262 adults with clinically significant pain and
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MRI-detected effusion-synovitis. After 24 weeks, pain did not differ between the 2 g/day krill-oil group
and placebo [4].

The doses ranged from 0.3 to 4 g/day, and the study populations ranged from mild knee pain to
established osteoarthritis with effusion-synovitis. Corresponding EPA/DHA exposure also differed.

The trials therefore address related but not identical clinical questions.

08 Effect of extraction and low-temperature standing on separable insolubles

0.7 1 0.68

Separable insolubles before filtration (%)

roces®

thano! o 8C anding

optinize? ®
Figure 1. Separable insolubles before filtration across optimized and comparator preparation

conditions.

Discussion

Standing at 8°C reduced the amount of separable material entering membrane filtration. Lower
colloidal and particulate carryover can improve consistency during concentration and limit process
conditions that promote oxidation. It is a manufacturing-quality result rather than a direct predictor of
joint symptoms. Peroxide values remained low in the optimized preparations, an important
consideration for an oil rich in unsaturated fatty acids.

The positive trials mainly involved mild or moderate symptoms or used the higher krill-oil dose.
KARAOKE examined a different phenotype: osteoarthritis with significant pain and MRI-defined
effusion-synovitis, treated with 2 g/day. Its neutral pain result helps identify baseline pathology and
dose as variables that should be specified in later studies.

EPA and DHA can change the substrate available for eicosanoids and specialized pro-resolving
mediators, and phospholipid association may affect tissue incorporation. Osteoarthritis symptoms also
reflect cartilage, bone, synovium, neuromuscular function and central pain processing. For that reason,
biochemical exposure markers should be measured alongside validated pain and function outcomes in
formulation-specific studies.

Current Scope and Future Directions

A BCLC® study could stratify participants by baseline Omega-3 Index, radiographic OA grade,
effusion-synovitis burden and inflammatory phenotype. EPA/DHA incorporation could then be
compared with standardized WOMAC or visual-analog outcomes. This design would connect

measured exposure with symptoms in clinically defined subgroups.
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Conclusion

The optimized process produced phospholipid-rich krill oil with few separable insolubles and
controlled peroxide values. Randomized studies have reported inflammatory or joint-related changes
in some settings, while the 2024 trial in osteoarthritis with effusion-synovitis found no pain advantage
over placebo. Dose, EPA/DHA exposure and baseline joint phenotype should be specified when the

BCLC® oil is evaluated in subsequent clinical research.
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