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Introduction

The presence of fragrances is becoming more and 
more popular in almost every aspect of human 
lives. The content of selected and well-balanced 
perfumes mixtures in products daily used to 
clean, preserve and improve home and personal 
beauty can impact the approval by the consumer, 
conditioning the commercial success of the product 
itself.   
As a consequence, the characterization of fragrances 
used in home and personal care (HPC) products is of 
primary importance for perfume industry for quality 
assessment, perfume formulation, competitors 
benchmarking, trace analysis of markers. Unraveling 
fragrances composition is a complex analytical task 
aiming to identify and quantify the composition of 
perfume raw materials, which are complex mixtures 
of synthetic and natural essential oils. 
State-of-the-art of perfume formulation is based on 
specific Retention Index and deconvolution with 
dedicated MS libraries. The analytical approach is 

typically involving long capillary columns (i.e. 60m) 
with both polar and apolar stationary phases, with 
an overall analysis time of more than one hour for 
each injection. By translating the analytical method 
to faster separation, it is possible to significantly 
reduce the analysis time maintaining a reliable 
identification of the essential oils markers into the 
unknown blends.
This paper is focused on the benefits of a high 
speed GC-TOFMS for a high throughput approach, 
by using shorter and narrow bore columns. 
In case of perfumes, direct liquid injection into the 
GC system is performed for fragrance profiling.  
When fragrances need to be characterized in more 
complex matrices as solid, semisolid or soapy 
samples, static headspace sampling technique 
can be successfully applied for an easy and clean 
extraction.  
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Key Points

•	 Versatile Sample Handling for Fragrance Extraction

•	 Fast GC-TOFMS for Reduced Analysis Time

•	 Dedicated F&F MS Library with Retantion Index Calibration 

Data

•	 Suitable for QA/QC Laboratory in F&F Industry



Experimental

Faster and reliable approach for perfume 
formulation is possible by means of a fast GC-
TOFMS system with efficient data deconvolution, 
Retention Index information and dedicated F&F 
mass spectra library.  The analysis time can be 
reduced from about 1h when a conventional 60m 
long column is used, down to 10-15 minutes.  
Alcoholic samples like perfumes have been 
injected neat with the MasterAS while more 
complex matrices have been handled with a Static 
Headspace Autosampler.  MasterSHS, equipped 
with the MasterVH for automatic vials handling, 
has been used for static headspace sampling and 
has been coupled to the MasterGC-TOF system 
for fast gas chromatographic separation and 
detection of fragrances components. 
In order to evaluate the versatility of the 
proposed approach, different kind of matrices 
(solid, liquid, cream and gel) have been selected 
for the characterization. For each matrix, a small 
amount of sample (from 20 to 700 mg, according 
to sample compactness and expected fragrances 
concentration) has been directly introduced into 
20 mL headspace vials.

Master SHS
Oven Temperature 150°C (80°C)*
Manifold Temperature 200°C (130°C)*
Transfer Line Temperature 220°C (150°C)*
Equilibrationt Time 15 min (20min)*
Sample Loop 1 mL
Vial Pressurization 1 bar

Master GC
Column DN-5ms 10m x 0.10mm x 0.10µm
Flow Rate 0.5 mL/min Split 50:1
Oven Temp 45°C (hold 1 min), 20°C/min, 300°C
SSL Inj Temp 300°C

Master TOF-MS
Transfer Line Temp 300°C
EI Source 70eV
Source Temperature 200°C
Mass Range 40-500 amu
Acquisition Rate 25 Hz

Data acquisition and processing have been 
performed with the proprietary MasterLAB 
software. Operative conditions and instrumental 
parameters are shown in Table 1. 

*Method parameters for more acqueous sample (floor detergent)

Table 1. Operative Conditions



Results and discussion

The high speed of acquisition of the TOFMS allows 
for efficient signal deconvolution even in case of 
heavy matrix interferences, with the capability 
to identify hundreds of fragrance components 
with very high library matching.  An example of 
perfume analysis within 8 minutes is reported in 
Figure 1. The identification of the key compounds 
is automatically performed after deconvolution 
by matching MS spectra and Retention Index 
information. 

A faster data interpretation by the end user is of 
primary importance as well, in order to speed up 
the entire process. In this view, it is highly desirable 
to retrieve only results with high level of confidence 
and avoid false positive identification. Therefore, a 
matching threshold is set up in the deconvolution 
software to filter highly reliable identification only.

Figure 1. Direct injection of perfume sample. Fast GC-TOF analysis and peaks identification.
81 identified compounds after deconvolution and matching with RI calibration data and MS dedicated library

The predominant part of fragrance compounds of 
common HPC products  is represented by volatile 
analytes that can be easily extracted through a static 
headspace sampling. In  Figure 2, TIC chromatograms 
resulting from the SHS-GC-TOF characterization 
of different HPC samples are reported. In spite of 
different matrix consistency (solid, liquid, cream or 
gel), static headspace technique allows to quickly 
extract the most representative components of the 
HCP fragrances.    

The use of fast gas chromatography, typically 
involving 100 micron i.d. and 10 m length columns, 
permits to drastically reduce the analysis time, 
without affecting the chromatographic resolution.  
As shown in Figure 2, the complete characterization 
of HPC fragrances takes less than 10 minutes for 
all the samples, compared to 40-60 minutes of a 
conventional GC approach. 



INCENSE
115 identified compounds
51 with :  Matching > 750
 Rev Matching > 800 

CONDITIONER
113 identified compounds
55 with :  Matching > 750
 Rev Matching > 800 

AMBIENT DEODORANT GEL
79 identified compounds
31 with :  Matching > 750
 Rev Matching > 800 

TOOTHPASTE
64 identified compounds
29 with :  Matching > 750
 Rev Matching > 800 

SHAMPOO
122 identified compounds
67 with :  Matching > 750
 Rev Matching > 800 

BODY LOTION
74 identified compounds
41 with :  Matching > 750
 Rev Matching > 800 

Figure 2. Fragrance TIC profile of different HPC products



SOAP CAKE
80 identified compounds
34 with :  Matching > 750
 Rev Matching > 800 

FLOOR DETERGENT
28 identified compounds
16 with :  Matching > 750
 Rev Matching > 800 

DISHES DETERGENT
93 identified compounds
43 with :  Matching > 750
 Rev Matching > 800 

Figure 2. Fragrance TIC profile of different HPC products

Fast GC requires fast detection system and 
enhances the potential of the High Speed TOF-MS 
technology: the acquisition rate can be increased 
without sacrificing the selected mass range and 
without losing spectral information, so achieving 
very high quality matching. 
For each HPC sample the number of compounds 
identified with high matching (> 750) against a 
dedicated database is reported, showing that 
the spectra quality is maintained during peak 
compression.
The possibility to work at higher acquisition 
rates enables a more effective application of the 
deconvolution procedure, in case of co-elution and 
matrix interferences.  Figure 3 illustrates an example 
of the deconvolution capabilities of MasterLAB 
software: spectra of coeluted components are 
reconstructed allowing a reliable library matching 
and a correct identification.

Fragrances composition can vary significantly 
depending upon the essential oils blends, their 
complexity and their natural or synthetic origin.  
Simpler chromatograms are typically suggesting 
lower quality and the use of synthetic oils. A direct 
comparison of the chromatograms can reveal the 
major differences in fragrances composition and 
can give a quick indication of the product quality. 
Two different brands of lemon dishes detergent 
have been analyzed and compared. The overlay of 
the correspondent chromatograms is reported in 
Figure 4. As shown, the cheaper product presents 
a poorer fragrance profile with a much higher 
content of limonene compound, indicating the 
addition of lower quality lemon oil. 
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Figure 3. Example of Deconvolution of two co-eluted compounds and reconstructed MS spectra

Figure 4. Direct comparison of two different brands of Lemon Dishes Detergent

Limonene



Conclusions

Static headspace sampling represents a 
simple and effective technique for fragrance 
characterization of HPC products in case the 
direct liquid injection is not feasible. Different 
kind of matrices can be easily analysed, avoiding 
time consuming sample manipulation and 
preventing any risk of contamination. Dynamic 
headspace approach can also be a valid 
alternative, enhancing the detection of trace 
level components by enriching step of volatiles 
on a suitable sorbent trap. 
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Fast GC-TOFMS significantly reduces the analysis 
time, increasing sample throughput and 
laboratory productivity. High quality spectra are 
achieved, assuring a reliable identification even 
at high acquisition rate. Results obtained through 
automatic data elaboration and deconvolution 
tool confirm the suitability of the technique for 
routine analysis. The DANI solution for matching 
the requirements of high efficiency and 
productivity in the field of perfume formulation, 
allows to automate the entire data processing 
and add quality to the analytical results.
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