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W Abstract

Given the urgent need to mitigate climate change and reduce
dependence on fossil fuels, there has been a substantial
increase in research and development efforts focused on the
production of Sustainable Aviation Fuel (SAF) from microalgae.
As the fatty acids contained in microalgae are used as raw
materials for SAF, the standardization of analytical methods for
these fatty acids is imperative for accurately evaluating the
potential of microalgae as a SAF source. This paper introduces a
case study in which we validated an analytical method for fatty
acids in microalgae biomass using the GCMS-TQ™8040 NX, a
gas chromatography-mass spectrometer capable of high-
resolution and high-sensitivity detection.

1. Introduction

Microalgae, a diverse group of unicellular photosynthetic
organisms, are capable of synthesizing and storing various
valuable substances, including lipids, proteins, carbohydrates,
and carotenoids. Due to their rapid growth rate and high lipid
content, microalgae have emerged as a promising feedstock for
the production of Sustainable Aviation Fuel (SAF). However, the
lack of standard analytical methods and evaluation criteria has
hindered the ability to conduct fair comparisons and
evaluations among different studies, limiting the advancement
of this research field. For instance, productivity metrics, such as
biomass concentration (g-biomass L™ d™" or g-biomass m™2d™),
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cell density (cells L™ d™"), and optical density (AOD d™), are
notated differently among research groups, hindering direct
comparisons'®. Similarly, methods for lipid composition
analysis, including fatty acid profiling, differ among research
groups, with factors such as the choice of extraction solvents
and their ratios influencing results (Table 1) 914,

Such issues are also observed for simple environmental
parameters like light intensity, water temperature, pH, aeration
rate, and various gas concentrations. Consequently, these
findings are often difficult to compare and verify
adequately, leading to a fragmented and isolated research
landscape. This situation arises from the lack of standardized
methodologies and evaluation criteria for experiments and
analyses, representing the challenge that requires urgent
attention.

As we have outlined in the preceding paragraphs, the absence
of standardized protocols for microalgae cultivation and
analysis has hindered progress in the field. To overcome this
issues, it is imperative to establish standardized procedures for
cultivation, harvesting, lipid extraction, and analysis. Particularly,
there is urgent need to standardize analytical methods for fatty
acid profiling in various algal species to accurately assess the
potential of microalgae as SAF source, since fatty acids from
microalgae serve as raw materials for SAF. In this study, we
utilized gas chromatography-mass spectrometer, GCMS-
TQ8040 NX, to compare and validate various extraction solvents,
their ratios, and methods employed for the analysis of fatty
acids derived from microalgae.
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* Transesterification to Fatty Acid Methyl Esters with the
Extraction Process

We determined the fatty acid composition of microalgae by
converting the lipids into fatty acid methyl esters (FAME) and
subsequent analysis using GC-MS (Fig. 1). Specifically, 10 mg of
lyophilized microalgae biomass was disrupted in 1 mL of
various extraction solvents, each containing tripentadecanoin
as an internal standard, using bead beater with 0.1 mm zirconia
beads (Fig. 1A). Bead beating was performed at 2,500 rpm for 1
minute followed by a 2-minute interval for a total of 8 cycles.
Subsequently, 3 mL of extraction solvent and 2.5 mL of Tris
buffer (50 mM Tris, 1 M NaCl, pH 7) were added to the cell lysate
and stirred for 5 minutes. After centrifugation, the organic layer
was collected. If color remained in the residue, another 1 mL of
extraction solvent was added, followed by stirring for 5 minutes
and centrifugation to recover the organic layer. The collected
samples were dried by blowing nitrogen gas over them.

The prepared samples were dissolved in 3 mL of 5%
H,S0,/MeOH and reacted at 70° C for 3 hours (Fig. 1B). After
adding 3 mL of ultrapure water and 3 mL of hexane, followed by
stirring, the mixtures were centrifuged, and the upper organic
layer was collected. Subsequently, anhydrous sodium sulfate
was added to the organic layer to remove residual water. The
resulting samples were analyzed for FAME composition using
the GCMS-TQ8040 NX.

* in situ Transesterification to Fatty Acid Methyl Esters
without the Extraction Process

Ten milligrams of lyophilized microalgae biomass were reacted
with 1 mL of toluene, containing tripentadecanoin as an
internal standard, and 2 mL of 0.5 M CH;0ONa/MeOH at 90° C
for 30 minutes (Fig. 2). After cooling the reaction mixture to
room temperature, 2 mL of 14% BF;/MeOH was added. The
mixture was then reacted at 90° C for another 30 minutes. After
cooling to room temperature, 3 mL of hexane and 3 mL of
saturated NaCl solution were added and reacted at 90° C for 10
minutes. The upper organic layer was collected after
centrifugation. Anhydrous sodium sulfate was added to remove
residual water from the samples. The resulting samples were
analyzed for FAME composition using the GCMS-TQ8040 NX.

* GC-MS Analysis Methods

GCMS-TQ8040 NX (Fig. 3A) was employed for FAME
analyses. The detailed analytical condition is shown in Table 2.
Retention times of target compounds were predicted using the
Smart Metabolites Database™ (Fig. 3B) based on the retention
indices of n-alkanes, and the analysis method was automatically
created. Quantification of FAMEs was performed using Supelco
37 Component FAME Mix (Sigma-Aldrich). All values are
presented as mean +SD.

Table 1. Example of Extraction Solvent for Lipid Analysis from Previous Literature

Literature Extraction Solvent

Algal species

Guido et al., (2013), Journal of Visualized
Experiments; €50628:1-9.

CHCl;/MeOH (4:5)

Halim et al., (2011), Bioresource Hexane, hexane/IPA (3:2)

Technology;102(1):178-85.

Lee et al., (1998), Biotechnology
Techniques;T1:553-6.

CHCl3/MeOH (2:1),

hexane/IPA (3:2),
dichloroethane/MeOH  (1:1), dichloroethane/EtOH (1:1),

Scenedesmus obliquus,
Phaeodactylum tricornutum

Chlorococcum sp.

Botryococcus braunii

acetone/dichloromethane (1:1)

Nagle and Lemke,
(1990), Applied Biochemistry and
Biotechnology;24:355-61.

1-butanol, hexane/IPA (2:3), MeOH/CHCI, (1:1)

Chaetoceros muelleri,
Monoraphidium minutum

highlighted in red: conditions with high extraction efficiency in the literature
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Fig. 1. Analytical Methods for Fatty Acids in Microalgae Biomass
(A) Lipid extraction from microalgal biomass
(B) Transesterification to fatty acid methyl esters
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Fig. 2. in situ methyl esterification of fatty acids in microalgae
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Fig. 3 GCMS-TQ™8040 NX (A) and Smart Metabolites Database™ (B)

Table 2 GC-MS analysis parameters (Smart Metabolites Database: FAME analysis method)

[GC]

Column
Injection Temperature
Injection Volume
Injection Mode
Carrier Gas
Control Mode

Oven Temperature

SP-2560(0.25 mm I.D. X 100 m, 0.20 um, Supelco)
250°C
2L
Split
He
Linear velocity

40°C(2 min) — (4°C/min) - 240°C(2 min)

[MS]
IF Temperature 250°C
lon source Temperature 200°C
lonization Mode El
MS Mode Scan
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Fig.4 Comparison of various extraction conditions in fatty acid composition analyses for
Spirulina (A), Chlamydomonas (B), and Nannochloropsis (C)

3. Results and Discussion

Microalgae are positioned to become a primary feedstock to
produce SAF, because of their rapid growth rates and high lipid
content. However, the analysis of microalgal fatty acids has
been hindered by the lack of standardized protocol, as diverse
solvents and solvent ratios have been employed, leading to
inconsistent results across research groups °'4. To address this
issue and ensure reliable and comparable data for subsequent
studies, systematic evaluation of extraction conditions on fatty
acid composition analysis is necessary. In this study, we firstly
examined the impacts of different types and ratios of extraction
solvents on the fatty acid composition analysis for various
microalgal species: Spirulina (Arthrospira platensis UTEX-3086),
Chlamydomonas (Chlamydomonas reinhardtii CC-1010), and
Nannochloropsis (Nannochloropsis oceanica NIES-2145).

GCMS-TQ8040 NX analysis showed marked differences in the
relative abundances of fatty acid methyl esters across solvents,
although the detected types of fatty acids were consistent (Fig.
4). Namely, Spirulina exhibited an increased content of C16:0
and C18:3 upon extraction with CHCl;/MeOH (2:1), resulting in
higher total fatty acid content compared to other solvents

(Fig. 4A). Chlamydomonas similarly showed increased levels of
fatty acids, including C18:2 and C18:3, under the same
extraction conditions (Fig. 4B). In contrast, Nannochloropsis
exhibited the highest overall fatty acid content when extracted
with CHCl;/MeOH (4:5), with elevated levels of C16:0, C18:0 (Fig.
4C). These results indicate that the amounts of fatty acids
detected in microalgae are influenced by the type and ratio of
solvents used for extraction process, suggesting that the choice
of the extraction process can potentially underestimate the
total fatty acid content of microalgae. Moreover, considering
that the optimal conditions vary among microalgal species, it is
necessary to assess different solvents for each species.

Recent studies on the analysis of fatty acids in microalgae have
seen a growing interest in in situ methylation, direct
methylation method that bypasses the extraction process,
enabling more rapid and efficient analysis of fatty acid profiles
within the microalgal biomass'). Furthermore, while the Algae
Biomass Organization (ABO) has recommended in situ
methylation as a promising technique for fatty acid analysis of
microalgae biomass'®, there is a paucity of comprehensive
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Fig. 5 Comparison with and without extraction process in fatty acid composition analyses (Conventional method and in situ method, respectively) for
Spirulina (A), Chlamydomonas (B), and Nannochloropsis (C)

comparative studies directly contrasting this method with
conventional extraction-based approaches. Therefore, we
conducted a comparative validation of both methods. As a
result, while no differences were observed in the methyl fatty
acids detected between the conventional and in situ methods,
significant discrepancies were found in their quantities (Fig. 5).
Namely, the in situ method tended to show lower overall fatty
acid quantities compared to the conventional method across all
microalgal species. These results suggest that the in situ method,
despite its rapidity and convenience, requires further validation
and improvement to accurately quantify fatty acids in
microalgae biomass.

4, Conclusion

This application note presented a comparative validation of
fatty acid analysis methods for microalgae using the gas
chromatography-mass spectrometer GCMS-TQ8040 NX. Our
results from conventional fatty acid analysis, which involved an
extraction process, showed that the quantity of fatty acids
detected in microalgae was influenced by the type and ratio of
extraction solvents. Additionally, since optimal conditions differ
among microalgal species, consideration of extraction solvents
is necessary in analyses involving extraction processes. In
contrast, the in situ analysis without an extraction process was
found to result in lower fatty acid detection compared to the
extraction-based method, indicating that further improvements
are needed.



No. 106

Acknowledgments

This paper is based on results obtained from a project,
JPNP17005 commissioned by the New Energy and Industrial
Technology Development Organization (NEDO).

<References>

1)

Abomohra, A. E. F.,, Wagner, M., El-Sheekh, M., Hanelt, D., Lipid and
total fatty acid productivity in photoautotrophic fresh water
microalgae: Screening studies towards biodiesel production. J.
Appl. Phycol. 25,931-936. 2013.

Sun, Z., Wei, H., Zhou, Z. gang, Ashokkumar, M., Liu, J., screening of
isochrysis strains and utilization of a two-stage outdoor cultivation
strategy for algal biomass and lipid production. Appl. Biochem.
Biotechnol. 185, 1100-1117. 2018.

Nascimento, l.A.,, Marques, S.S.I, Cabanelas, I.T.D., Pereira, S.A.,
Druzian, JI, de Souza, C.O., Vich, DV, de Carvalho, G.C,
Nascimento, M.A., Screening Microalgae Strains for Biodiesel
Production: Lipid Productivity and Estimation of Fuel Quality
Based on Fatty Acids Profiles as Selective Criteria. Bioenergy Res. 6,
1-13.2013.

Rodolfi, L., Zittelli, G.C., Bassi, N., Padovani, G., Biondi, N., Bonini, G.,
Tredici, M.R., Microalgae for oil: Strain selection, induction of lipid
synthesis and outdoor mass cultivation in a low-cost
photobioreactor. Biotechnol. Bioeng. 102, 100-112. 2009.

Dahlin, LR, Van Wychen, S., Gerken, H.G., McGowen, J., Pienkos,
P.T., Posewitz, M.C,, Guarnieri, M.T., Down-selection and outdoor

evaluation of novel, halotolerant algal strains for winter cultivation.

Front. Plant Sci. 871, 1-10. 2018.

Jena, J.,, Nayak, M., Sekhar Panda, H., Pradhan, N., Sarika, C., Ku.
Panda, P, V. S. K Rao, B., B. N. Prasad, R., Behari Sukla, L., Microalgae
of Odisha Coast as a Potential Source for Biodiesel Production.
World Environ. 2, 12-17. 2012.

Karemore, A, Pal, R, Sen, R, Strategic enhancement of algal
biomass and lipid in Chlorococcum infusionum as bioenergy
feedstock. Algal Res. 2, 113-121. 2013.

Mountourakis, F., Papazi, A., Kotzabasis, K., The microalga chlorella
vulgaris as a natural bioenergetic system for effective co2
mitigation—new perspectives against global warming. Symmetry
(Basel). Symmetry. 13.2021.

Breuer, G., Evers, W. A, de Vree, J. H,, Kleinegris, D. M., Martens, D.
E., Wijffels, R. H., Lamers, P. P., Analysis of fatty acid content and
composition in microalgae. J. Vis. Exp., 80, 50628. 2013.

Halim, R., Gladman, B., Danquah, M. K., Webley, P. A., Oil extraction
from microalgae for biodiesel production. Bioresour. Technol.,
102(1), 178-185.2011.

Fajardo, A. R, Cerdan, L. E., Medina, A. R, Fernandez, F. G. A,
Moreno, P. A. G., Grima, E. M,, Lipid extraction from the microalga
phaedactylum tricornutum. Eur. J. Lipid Sci. Technol., 109, 120-126.
2007.

Lee, S. J, Yoon, B. D, Oh, H. M, Rapid method for the
determination of lipid from the green algae botryococcus braunii.
Biotechnol. Tech., 7, 553-556. 1998.

Nagle, N. Lemke, P. Production of methyl ester fuel from
microalgae. Applied Biochem. and Biotech., 24, 355-361. 1990.

Halim, R, Danquah, M. K., Webley, P. A, Extraction of oil from
microalgae for biodiesel production: A review. Biotechnol. Adv.
30(3), 709-732. 2012.

Lohman, E. J., Gardner, R. D., Halverson, L., Macur, R. E., Peyton, B.
M., Gerlach, R, An efficient and scalable extraction and
quantification method for algal derived biofuel. J. Microbiol.
Methods, 94(3), 235-244.2013.

Algae Biomass Organization. 2017. Industrial Algae Measurements,
Version 8.0. (L.M. Laurens et. al., 2017).

GCMS-TQ and Smart Metabolite Database are trademarks of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.

G sSHIMADZU

Shimadzu Corporation

www.shimadzu.com/an/

products in your country.

First Edition: Dec. 2024
For Research Use Only. Not for use in diagnostic procedures.
This publication may contain references to products that are not available in your country. Please contact us to check the availability of these

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.

See http://www.shimadzu.com/about/trademarks/index.html for details.
Third party trademarks and trade names may be used in this publication to refer to either the entities or their products/services, whether or not

they are used with trademark symbol “TM” or “®".

The copyrights for the content of this publication belong to Shimadzu Corporation or the author. The contents of this publication may not be

modified, reproduced, distributed, or otherwise without the prior written consent of the respective rights holders.
Shimadzu does not guarantee the accuracy and/or completeness of information contained in this publication.
Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the use of this publication.

© Shimadzu Corporation, 2024


http://www.shimadzu.com/about/trademarks/index.html

9 Please fill out the survey

Related Products some products may be updated to newer models.

> GCMS-TQ" 8040 NX > Smart Metabolites
Triple Quadrupole Gas Chromatograph DatabaseTM Ver.2

Mass Spectrome:--- -
Smart Metabolites Database for GC-
MS(/MS) Analysis

Related Solutions

> Clean Energy > Biomass-SCJ > Life Science
Hydrocarbon
> Lipidomics > Processing Industry > Petroleum refinery

(Petrochemical, Ch

» Technical Service /

Support Inquiry 2 Other Inquiry

9 Price Inquiry 2 Product Inquiry


https://www.shimadzu.com/an/forms/questionnaire/index.html?apl_id=24959&from_apl=24959
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3273&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3291&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=26&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=32&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=21&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=239&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=65&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=65&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=65&apl_id=24959&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=77&apl_id=24959&from=apl
https://www.shimadzu.com/an/forms/price/index.html?page=webform_start&apl_id=24959&from=apl
https://www.shimadzu.com/an/forms/product/index.html?page=webform_start&apl_id=24959&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=24959&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=24959&from=apl
https://www.shimadzu.com/an/forms/other/index.html?page=webform_start&apl_id=24959&from=apl
http://www.tcpdf.org

