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Features and Advantages of Supercritical CO2 Extraction of Sea
Cucumber Cucumaria frondosa japonica Semper, 1868
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Abstract: Extraction process of Cucumaria frondosa japonica Semper, 1868, which
are subspecies of Cucumaria frondosa (Gunnerus, 1767), were studied. It was shown
that supercritical carbon dioxide extraction of holothuria was more effective than
conventional solvent extraction. Step-by-step extraction with carbon dioxide followed
by supercritical extraction with the addition of a co-solvent of ethanol can almost
double the yields of extracts of triterpene glycosides, styrenes and carotenoids.
Moreover, the fraction of triterpene glycosides practically does not contain colored
impurities, in contrast to traditional ethanol extraction. The obtained extracts by
HPLC in combination with tandem mass spectrometry (HPLC-MS/MS) identified 15
triterpene glycosides, 18 styrene compounds and 14 carotenoids. Supercritical
extraction made it possible to obtain extracts with yields superior to conventional
hexane and alcohol extracts. Moreover, such an approach with the use of supercritical
fluid extraction (SFE) and subsequent profiling of metabolites can help with the study
of holothuria species that are not as well studied.

Keywords: sea cucumber; supercritical extraction; Cucumaria frondosa japonica;
triterpene glycosides; saponins; carotenoids; tandem mass spectrometry



Optimizing Supercritical CO, Extraction for Medicinal Cannabis
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September 6, 2020
by Lance Griffin
Supercritical carbon dioxide (CO;) extraction is one popular method for the
commercial extraction of cannabis. In 2020, Australian researchers investigated
supercritical CO, extraction strategies to “obtain a GMP license to produce
pharmaceutical grade medicinal cannabis™ and “optimise the process for extraction of
cannabis material at a pharmaceutical scale.” [1] Notably, they avoided using
any co-solvent (i.e., ethanol) to make the process simpler from a regulatory standpoint
and cleaner from a product standpoint.
The investigation was organized using design of experiments (DOE), a Good
Manufacturing Practice (GMP)-approved approach to process development that
allows the user to analyze how multiple factors interact and affect outputs. [1,2] The
factors in this case were extraction parameters [1]:

. CO2 Flow Rate (40-150 g/min)

. Pressure (150-320 bar)

. Time (4-10 hours)
And the outputs were yield parameters:

. CBD recovery (%)

. THC recovery (%)

. Final extract weight (g)
They set the temperature at 60° C, reportedly to match the equipment manufacturer’s
(Waters) recommendation. The Victorian State Government provided cannabis
biomass from multiple chemovars with a total CBD:THC ratio of 1:1.5. The
researchers packed 1.0 kg of the biomass for each run. The results are summarized in
the table below, reprinted from the open-access study.

150 600 320 101.1 98.6 7.0

!
2 40 600 150 41.9 16.7 275
3 40 240 320 7.5 5.0 4.2
4 |40 240 150 220 9.0 9.1
5 | 150 240 320 95.9 66.8 55.1
5] 40 G azn 78.1 #4.0 55.9
7 | 150 600 150 107.1 736 56.3
8 | 150 240 150 90.2 756 50,8
9 |95 420 235 827 98.2 62.7
0 |95 420 235 68.3 829 57.8
T 420 235 66.7 826 57.2
12 | 150 600 120 89.2 97.6 68.1
13 |150 240 320 814 93.0 62.7

14 |150 600 150 77.2 93,5 583
15 | 150 240 150 79,1 74.1 47.7




Reprinted from: Rochfort S, Isbel A, Ezernieks V, et al. Utilisation of Design of
Experiments Approach to Optimise Supercritical Fluid Extraction of Medicinal
Cannabis. Sci Rep. 2020,10(1):9124. doi:10.1038/s41598-020-66119-1.
License: Creative Commons Attribution 4.0 International.

Run #1, with high flow rate (150 g/min), high pressure (300 bar), and a long
extraction time (10 hours), dominated the chart in terms of yield for both cannabinoid
recovery and extract weight. Flow rate was the most impactful factor overall,
followed by time and then pressure. THC recovery depended more significantly on
time compared to CBD recovery or weight.

There were unique CBD:THC ratios depending on extraction parameters. Runs #6 and
#7 illustrate this point with similar extract weights but unique CBD:THC ratios. If the
biomass were hemp, the study authors reason, “this method may be optimised further
so that low levels of THC could be removed.”

The study did not account for lipids and other unwanted plant materials, which factor
heavily into extract weight. The process would also require adjustment for specific
chemovars. [1] Although the procedure might not appeal to every extractor, it does
illustrate a methodological approach that is likely to become increasingly relevant as
international cannabis operators pursue GMP standards.
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Rana chensinensis Ovum Qil Based on CO;, Supercritical Fluid Extraction:

Response Surface Methodology Optimization and Unsaturated Fatty Acid

Ingredient Analysis
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Abstract: Rana chensinensis ovum oil (RCOOQ) is an emerging source of unsaturated
fatty acids (UFAs), but it is lacking in green and efficient extraction methods. In this
work, using the response surface strategy, we developed a green and efficient CO,
supercritical fluid extraction (CO,-SFE) technology for RCOQO. The response surface
methodology (RSM), based on the Box—Behnken Design (BBD), was used to
investigate the influence of four independent factors (pressure, flow, temperature, and
time) on the yield of RCOO in the CO,-SFE process, and UPLC-ESI-Q-TOP-MS and
HPLC were used to identify and analyze the principal UFA components of RCOO.
According to the BBD response surface model, the optimal CO,-SFE condition of
RCOO was pressure 29 MPa, flow 82 L/h, temperature 50 °C, and time 132 min, and
the corresponding predicted optimal yield was 13.61%. The actual optimal yield
obtained from the model verification was 13.29 + 0.37%, and the average error with
the predicted value was 0.38 + 0.27%. The six principal UFAs identified in RCOO
included eicosapentaenoic acid (EPA), a-linolenic acid (ALA), docosahexaenoic acid
(DHA), arachidonic acid (ARA), linoleic acid (LA), and oleic acid (OA), which were
important biologically active ingredients in RCOOQO. Pearson correlation analysis
showed that the yield of these UFAs was closely related to the yield of RCOO (the
correlation coefficients were greater than 0.9). Therefore, under optimal conditions,
the yield of RCOO and principal UFAs always reached the optimal value at the same
time. Based on the above results, this work realized the optimization of CO,-SFE
green extraction process and the confirmation of principal bioactive ingredients of the
extract, which laid a foundation for the green production of RCOO.

Keywords: supercritical fluid extraction; by-product; Rana chensinensis ovum oil;
design of experiment; response surface methodology; Box—Behnken
design; unsaturated fatty acids



Simulation says supercritical water has no hydrogen bonds
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BY PHILIP BALL

2 SEPTEMBER 2020

Scientists in Germany have proposed a definitive answer to a longstanding debate in
chemistry: how much hydrogen bonding exists in supercritical water? The answer, they
say, is ‘None at all’.]

Water’s dynamic, three-dimensional network of hydrogen bonds, linking each water
molecule to four others on average in a tetrahedral arrangement, makes it special as a
solvent and a medium for life. This structure is lost when water is heated above its
critical point of 374°C, but it hasn’t been clear how much of the hydrogen-bonding still
survives. Some neutron scattering studies have suggested that supercritical water is more
or less devoid of such bonds,” while NMR studies have seemingly indicated that more
than a quarter of the hydrogen bonds in normal liquid water survive just above the critical
temperature.” One recent review insists that some of these bonds do persist in those
conditions.*

The question is not just academic. Supercritical water, in which the distinction between
liquid and vapour is lost, is sometimes used as a solvent for industrial chemical processes
such as the production of biofuels, because it is able to solvate substances that would not
readily dissolve in the liquid, such as gases and nonpolar compounds. And the water
around some deep-sea hydrothermal vents exists in a supercritical state, thanks to the

high pressures and the volcanic heat of the vent.

Supercritical simulation

Quantum chemists Philipp Schienbein and Dominik Marx of the Ruhr University of
Bochum have now investigated the matter from first principles, using molecular
dynamics simulations that incorporate the quantum-mechanical aspects of the bonding
within and between water molecules. Such calculations are computationally very
demanding, but the researchers were able to look at the dynamics of 128 water
molecules — enough to see bulk-like behaviour — over a timescale of 20 nanoseconds,
which is many thousands of times longer than the lifetime of a typical hydrogen bond in
the liquid. They check that the simulations are giving realistic results by comparing their
predictions for terahertz-frequency spectra (which can probe the vibrations of
hydrogen-bonded pairs of molecules) and NMR relaxations times (which probe

individual molecular rotations) against those seen experimentally.

BERIR
https://www.chemistryworld.com/news/simulation-says-supercritical-water-has-no-hydro
gen-bonds/4012367.article




