
Context

Reference method : Hot water extraction

The development of new instruments and analytical strategies is essential for the search of biosignatures in extraterrestrial environments. While the
extraction step is commonly recognized as a key point in most analytical studies, this step has rarely been considered in astrobiological research. For
instance, no solid/liquid extraction protocol has been selected for future Martian missions so far even though some pre-selected analyzers require
liquid samples. Besides in-situ applications, the extraction protocols currently used for laboratory research rarely enable quantitative extraction and can
even induce biases by modifying the original nature of the detected molecules.

In this context, the objective of this project is to develop an innovative technique, compatible with space constraints, allowing the extraction of organic
molecules present in extraterrestrial bodies. The new method is based on ultrasound-assisted extraction and results will be compared with a reference
extraction method.
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[1] A. S. BURTON, H. MCLAIN, D. P.GLAVIN, J. E. ELSILA, et al, Meteoritics & Planetary Science, 50 (2015) [3] https://meteor-center.com/blog/project/aguas-zarcas/

Meteorite : Aguas Zarcas [3]
Fall site : Costa Rica
Fall date : April 23rd 2019
Type : CM2
Weight : 2 g

The mass was divided in two then extracted using both protocols.

The Ultrasound-assisted extraction protocol : 3 x 10 minutes extractions performed in a row.

Comparison between extracted quantities of biomarkers [2, 4]:
Hot water extraction vs Ultrasound-assisted extraction (UAE)
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New method : Ultrasound-assisted extraction (UAE)

Meteorite sample analysis
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Crushing

Effects of Ultrasound extraction on clay minerals

Focused Ultrasound Extraction (FUSE) optimized for space use [2]

US Frequency : 20 kHz 

100 % Silica matrix

Extraction solvent : 

MeOH:H2O (1:1)

Selected conditions :
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Improved extraction yields on clay rich matrices up to a factor 8 
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All targeted compounds extracted using reference

method were also extracted using the 10 min UAE

The total quantity of biomarkers extracted with 10 min

UAE is comparable to that of 24 hours hot water extract

The reference method is not efficient

Even with multiple extractions in a row, the sample is not used up

UAE allowed in 30 min the extraction of 3 times the

quantity extracted with reference method in 24 hours

Extraterrestrial bodies mineral composition is very rich in silica and clay minerals among others.

Clay minerals can protect and conserve organic molecules thanks to their structures :

Challenging extraction process
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