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HOW MICROWAVES HEATING WORKS ?
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Under review: Microwave-assisted extraction in closed vessel coupled to chromatographic techniques in food analysis
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MICROWAVE ADVANTAGES IN EXTRACTION PROCESS



MICROWAVE ADVANTAGES IN EXTRACTION PROCESS

DIRECT HEATING SHORT PROCESSING TIMES

LOW ENERGY CONSUPTION GREEN PROCESS

HIGH EFFICIENCY LESS HEATING EXPOSURE
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How fatty acids can be analyzed ?
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DIRECT METHYLATION OF LIPIDS IN FOODS BY ALKALI 
HYDROLYSIS

(Official Method Ce 2b-11)

0,5 g of Sample 
+ 5 mL NaOH/MeOH
+5mL BF3/MeOH 
+ 5 mL Hexane 

1 H



0,5 g of Sample 
+ 10 ml of Acidic solution of methanol
+ 25 mL of Cyclohexane

Time (min) Temperature (°C) Power (W)

00:03:00 120 1000 

00:12:00 120 1000

ONE-STEP MICROWAVE -ASSISTED EXTRACTION AND 
DERIVATIZATION (MAED)

Fina, A.et al. Advances in Sample Preparation 4 (2022) 100039



PRESSURIZED MICROWAVE-ASSISTED EXTRACTION AND 
DERIVATIZATION (MAED-P)

0,5 g of Sample 
+ 10 ml of Acidic solution of methanol
+ 25 mL of Cyclohexane

Time (min) Temperature (°C) Power (W)

00:03:00 120 1000 

00:12:00 120 1000

Pressure : 10 Bar



PRESSURIZED MICROWAVE-ASSISTED EXTRACTION AND 
DERIVATIZATION (MAED-P)

0,25 g of Sample 
+ 5 ml of Acidic solution of methanol
+ 12,5 mL of Cyclohexane

Time (min) Temperature (°C) Power (W)

00:03:00 120 1000 

00:12:00 120 1000

Pressure : 10 Bar





COMPLEX 
MATRIX



GC×GC-FID CONDITIONS

FID

MODULATOR

INJECTOR

PARAMETERS SETTING

Coloum’s flow 1D flow:0,5
2D flow: 20
Bleed line flow:0,55

Flow modulator 
parameters

Modulation time:  3s
Flush time: 180 ms

Oven Program From:40
To: 250
Ramp: 10°C /min 

Injection Temperature: 240
Mode: Split
Split ratio:1/20
Injection volume: 1uL

FID acquisition Data collection rate: 500 
Hz
Temperature:  250 °C
N2 10 ml/min
H2: 30 ml/min
Air flow: 200 ml/min

POLAR/APOLAR COLUMN SET

SepSolve 1D-FAMEs 20 m × 0.18 mm × 0.1 μm
SepSolve 2D-FAMEs 5 m × 0.25 mm × 0.1 μm

Fina, A.et al. Advances in Sample Preparation 4 (2022) 100039
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MINIATURIZATION
Design of Experiment: Central Composite Design (Inscribed)

Factors -1 0 1
AcMeOH (mL) 1,3 4 6,6
Cyclohexane Volume (mL) 3,3 10 16,5

Coordinate Point AcMeOH Volume (mL) Cyclohexane Volume (mL)

C central point: 4 10

F1 factorial point 1 1,3 3,3

F2 factorial point 2 1,3 16,5

F3 factorial point 3 6,6 3,3

F4 factorial point 4 6,6 16,5

S1 star point 1 6 10

S2 star point 2 2 10

S3 star point 3 4 14

S4 star point 4 4 5
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RESPONCE SURFACE PLOT 

AREA C16:0 VS. mL Cyclohexane; mL AcMeOH

mL Cyclohexane              mL AcMeOH

2,5                                    7                                   



RESPONCE SURFACE PLOT 

AREA C20:1 VS. mL Cyclohexane; mL AcMeOH

mL Cyclohexane              mL AcMeOH

3                                    8                                   



RESPONCE SURFACE PLOT 

AREA C18:2n6c VS. mL Cyclohexane; mL AcMeOH

mL Cyclohexane              mL AcMeOH

2,5                                    8                                   



RESPONCE SURFACE PLOT 

AREA C18:3n3 VS. mL Cyclohexane; mL AcMeOH

mL Cyclohexane              mL AcMeOH

4                                    10                                   



RESPONCE SURFACE PLOT 

TOTAL AREA  VS. mL Cyclohexane; mL AcMeOH

mL Cyclohexane              mL AcMeOH

3                                    11                                   



OPTIMAL CONDITIONS
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EVALUATION OF THE GREENNESS OF THE METHODS
The ten  principles of green sample preparation 

1 73 5 9

4 6 8 102

In situ 
sample 

preparation

Safer 
solvent and 

reagents

Renewable 
materials

Minimize 
waste 

Minimize 
sample

Chemicals
amounts

Maximize
Sample 

throughput

Promote 
automation

Minimize 
energy     

consumption 

Greenest 
post-sample 
preparation

Safe 
procedures 

for the
  operator 

López-Lorente et al. (2002). The ten principles of green sample preparation. TrAC- Trends in Analytical Chemistry, 148. 116530
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CONCLUSION

Microwave-assisted extractions gave performance 
comparable to reference methods for FAMEs analysis

Miniaturization was optimized, and the greenness increased

The entire method MW proved to be repeatable, robust and 
universal
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