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Feedstocks for biodiesel synthesis

Food crops
Agricultural 

waste
Algae or other 
aquatic plants
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Feedstocks for biodiesel synthesis

Food crops
Agricultural 

waste
Algae or other 
aquatic plants

Constant change in impurities à depending on the type of feedstock used in the production process

Demands More Advanced Characterization Techniques than Ever Before
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Ø In the EU, over 20 million tonnes of animal fat by-products are produced every year

Ø Compared to vegetable oil: low raw material cost and higher stability

Animal fat by-products

https://www.efsa.europa.eu/en/topics/animal-by-products
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Injection GC Column Detector

GC

GC×GC-TOFMS
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Injection 1D 
GC Column Detector

Diverting 
valve 2D Column

Heart–cutting 
(selective)

GC-GC

GC

GC×GC-TOFMS Facts
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Injection 1D 
GC Column Modulator 2D 

GC Column Detector

Diverting 
valve 2D Column

GC-GC
(Heart-cutting) (selective)

1D GC

Comprehensive GC×GC

GC×GC-TOFMS Facts
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Injector TOFMS

Modulator
1st Dimension 2nd Dimension

GC×GC-TOFMS Principle
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Injector TOFMS

Modulator
1st Dimension 2nd Dimension

GC×GC-TOFMS Principle
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Pig Fat

Major component 
(95-99 %)

Minor component 
(1-5%)

Triglycerides
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Pig Fat

Major component 
(95-99 %)

Minor component 
(1-5%)

Triglycerides Derivatives
Glycerol

Free Fatty Acids
Mono- and Diglycerides

Non- Triglycerides 
Derivatives

Phospholipids
Sterols

Pigments
Vitamin

Antioxidants
Alocohols

Waxes
Hydrocarbons

Triglycerides
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Pig Fat

Major component 
(95-99 %)

Minor component 
(1-5%)

Triglycerides

Free Fatty acids 
(FFAs)

↑ FFA ↑ Soap 
formation

transesterification

Biodiesel ↓

Quality of the animal fat used and the FFA content in it are important considerations for biodiesel production
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Fatty acids 
(FAs)

Saturated FAs 
(SFAs)

Monounsaturated FAs 
(MUFAs)

Polyunsaturated FAs 
(PUFAs)

• more prone to oxidation
• can lead to instability in the 

final product

Pig Fat
Major component 

(95-99 %)
Minor component 

(1-5%)

Triglycerides
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Analysis of Fatty acids in animal fat feedstock 

GC×GC-EI-LR-TOFMS 

Sample preparation:

10mg of fat + n-hexane, CH3ONa+BF3

1.5 hrs 
70°C

………….

N2 drying (20-30 minutes)

Analysis
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Analysis of FaDy acids in animal fat 

Sample preparation

10mg of fat + n-hexane, CH3ONa+BF3

1.5 hrs 
70°C

………….

N2 drying (20-30 minutes)

Analysis

Tedious

Time consuming

Moving towards 

automization 

Sample preparation Sample preparation

ü Easy transfer to industry

ü Increased efficiency

ü Cost-effective
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Specifically taiolred and optimized approch for fatty acid analysis

an Open Access Journal by MDPI

Lipid Serum Profiling of Boar-Tainted and Untainted Pigs Using GC×GC–Lipid Serum Profiling of Boar-Tainted and Untainted Pigs Using GC×GC–

TOFMS: An Exploratory StudyTOFMS: An Exploratory Study

Kinjal Bhatt; Thibaut Dejong; Lena M. Dubois; Alice Markey; Nicolas Gengler; José Wavreille;

Pierre-Hugues Stefanuto; Jean-François Focant

Metabolites 20222022, Volume 12, Issue 11, 1111

CH3ONa à base-catalyzed transesterification

BF3 à acid-catalyzed esterification 
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Response Optimization

Composite desirability: 0.9159

Full Factorial Design [(n=19 (16+3)]
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Response Optimization Chromatographic separation

Composite desirability: 0.9159

*n = number of double bonds

Separation according to:
- molecular weight (number of carbons) 
- number of double bonds 
- position of double bonds

Full Factorial Design [(n=19 (16+3)]
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Transesterification
Production Process: 

Oxygenated compounds
- Aldehydes

- Ketones
…

non-esterified fatty acids (NEFA) 

Impurities:

% Yield

- Corrosion in the fuel
- Formation of gums… 
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Triglyceride

Minor
component

Animal fat
feedstock

Extraction

GC×GC-TOFMS

In-Depth investigation of oxygen-containing compounds in oleaginous feedstock 
(animal fat) 

1-5% of total fat
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Animal fat
feedstock
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Classes of Analytes

Acids
Alocohol

Aldehydes
Ethers

Monoglycerols
Tocopherol

Steroids
GC×GC-HR-TOFMS

Animal fat
feedstock
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Non-polar (Rxi-5MS, 30 m × 0.1 mm i.d. × 0.1 µm df)

GC×GC fingerprinting of minor components of pig fat for Bio-Diesel

152
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GC ×GC-EI-HRTOFMS
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Criteria for identification of analytes

EI Mass spectra database match
70ev (≥800/ 1000)

Linear Retention Indices
(1tR )

Accurate mass (±3 ppm)
HR-TOFMS

Structured chromatographic 
separation

(1tR ,2tR)
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Criteria for identification of analytes

EI Mass spectra 
database match
70ev (≥800/ 1000)

Linear Retention 
Indices (1tR )

Accurate mass (±3 ppm)
HR-TOFMS

Structured 
chromatographic 

separation
(1tR ,2tR)

Acids 22
Alcohol (mono) 18
Alcohol (poly) 14

Aldehyde 23
Esters 28
Ether 1

Hydrocarbon 4
Ketones 10

Monacylglycerol 9
Nitrogen 

containing analytes 2
Tocopherol 2

Sterols 19

152 Analytes identified
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Environmental

Economical Social

Sustainability

Animal Wastage

Plastic Wastage

370 million tons of plastic were produced in the world in 2020 
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Plastic pyrolysis oil

GC×GC-LR-TOFMS

Electron impact 
ionization (EI)

Chemical class identification

GC×GC-HR-TOFMS

Photoionization (PI) 

Isomer identification

Characterizatization of mixed plastic pyrolysis oil

• HRMS (EI,PI) helps predicting exact molecular mass, enables prediction of elemental composition

• Helps to identify compounds not yet included in MS libraries, accelerating understanding of plastic pyrolysis oil and mechanisms
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Take home message

Diverse mass composition 
of raw materials requires 

advanced characterization

Looking for renewable energy sources while solving the exsisting world problems 
Win! Win!
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Take home message

Diverse mass composition 
of raw materials requires 

advanced characterization

Optimization of sample prepration is a key 
to focalize hidden information in a sample

Looking for renewable energy sources while solving the exsisting world problems 
Win! Win!
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Take home message

Diverse mass composition 
of raw materials requires 

advanced characterization

Optimization of sample prepration is a key 
to focalize hidden information in a sample

Separation power of GC×GC 
is essential for analysis of 
complex sample mixture

Looking for renewable energy sources while solving the exsisting world problems 
Win! Win!
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Thank you for your attention
kinjal.bhatt@uliege.be

ikinjalbhatt@gmail.com
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