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A new approach based on post-column in situ hydrogenolysis, and flame ionization was used here to improve 
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What can chiral capillary GC do for you? The answer lies in what analysis one is attempting to accomplish. 
Here, we discuss the utility of chiral capillary GC and where the technique is most valuable, focusing on three 
application areas in particular.
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The introduction of gas chro-
matography (GC) dates back 
to 1952 (1). Shortly after,  

in 1958, the power of the technique 
was boosted by the introduction 
of the capillary column (2), increas-
ing the peak capacity by roughly 
an order of magnitude compared 
to the initial packed columns.  
Nevertheless, scientists continued 
to explore ways to expand the sepa-
ration capabilities, and, in 1980 and 
1991, two other groundbreaking 
advancements in GC techniques 
were introduced. 

In 1980, the first attempt to 
hyphenate liquid chromatogra-
phy (LC) and GC was presented 
(3). However, it was not until 1984 
that the technique was upgraded 
to accommodate the transfer of 
large solvent volume (4). Since then,  
the technique has followed a wind-
ing path, never gaining the attention 
it deserved, and even facing com-
mercial discontinuation until 2008. 
It was the application for mineral 
oil hydrocarbons (MOH) analysis 
that revitalized the technique, 
steering it among the established 
routine techniques (5–7).

In 1991, bidimensional com-
prehensive GC (GC×GC) was 
introduced for the first time (8).  
Unlike LC–GC, it quickly garnered 

attention, and spread across vari-
ous research fields (9,10). Despite 
its popularity in research and its 
undeniable benefits, the technique 
has not found the routine applica-
tion it merits. 

The resistance to accepting 
multidimensional techniques on 
a routine basis primarily stems 
from concerns regarding the initial 
investment cost and the perception 
of it being a complex technique. 
Moreover, as the result interpreta-
tion is not always straightforward, 
the technique itself is often per-
ceived as neither robust nor reli-
able. As a result, analysts in the 
quality control sector require highly 
intricate applications to be con-
vinced of utilizing multidimensional 
gas chromatographic techniques.  
In this regard, the challenges posed 
by MOH analysis in food fully justify 
the use of these techniques. 

Mineral Oil Hydrocarbons  
in Food: Setting the Frame  
of the Analytical Challenge
MOH primarily consists of linear 
and branched paraffins, alkyl-sub-
stituted cycloalkanes, and alkyl-
substituted (poly)aromatic hydro-
carbons, with varying numbers of 
fused rings (11). Traditionally, these 
compounds are divided into two 

categories: mineral oil aromatic 
hydrocarbons (MOAH), encom-
passing all aromatic compounds, 
and mineral oil saturated hydro-
carbons (MOSH), which include the 
remaining compounds.

The presence of MOH in food 
has been known since the 1990s 
(12). However, it was only in 2008 
and 2009 that institutions and pub-
lic opinion started paying atten-
tion, following the discovery of 
highly contaminated sunflower oil 
from Ukraine and the migration of a 
high amount of MOH from recycled 
paper packaging (13,14). In 2012, 
the European Food Safety Author-
ity (EFSA) expressed its opinion, 
stressing the lack of toxicological 
information, occurrence data, and 
the need for improved approaches 
to address the analytical challenge 
(15). In 2019, a new EFSA opinion 
stressed the necessity to accurately 
quantify the MOAH with three or 
more rings due to their higher toxi-
cological concern (16). Recently, the 
drafts of a new EFSA opinion has 
been released, but with no sub-
stantial advancement compared to 
the previous ones (https://connect.
efsa.europa.eu/RM/s/publicconsul-
tation2/a0l09000006qqHf/pc0400). 

The overall uncertainty surround-
ing risk assessment and the lack of 

Towards the Use of Multidimensional Gas 
Chromatography Techniques in  
Routine Analysis: The Mineral Oil Case

Grégory Bauwens, Aleksandra Gorska, and Giorgia Purcaro

Since their first introduction, multidimensional hyphenated gas chromatographic techniques have become invaluable tools 
in understanding the complexity of a wide range of samples. Nevertheless, their diffusion into routine laboratories has 
faced resistance due to common perceptions that they are challenging to implement and lack sufficient robustness. This 
paper steers readers through the role of hyphenated techniques in the field of mineral oil analysis in food and highlights 
their essential role in routine analysis. 

https://connect.efsa.europa.eu/RM/s/publicconsultation2/a0l09000006qqHf/pc0400
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robustness in analytical methods 
had hindered the establishment 
of a legal limit until April 2022.  
However, under public pressure, 
the Standing Committee on Plants, 
Animals, Food and Feed Section 
(SCoPAFF) set a “de facto” maxi-
mum acceptable limits solely for 
MOAH. These limits correspond to 
the limits of quantification (LOQs) 
reported in the Guidance pub-
lished by the Joint Research Cen-
ter (JRC)—0.5 mg/kg for dry food  
(≤ 4% fat/oil), 1 mg/kg for foods with 
high fat/oil content (> 4% , ≤ 50% 
fat/oil), and 2 mg/kg for fats/oils or 
foods with > 50% fat/oil (17,18). 

It is the authors’ opinion that a 
limit only on the MOAH may be 
misleading, as it could lead to dis-
regarding the MOSH fraction and 
focusing only on analyzing MOAH. 
Such an approach would fail to pro-
vide the information for the first 
plausibility check highlighted in the 
JRC Guidance regarding the ratio 
between MOSH and MOAH (17,18). 

Mineral Oil Hydrocarbons in Food: 
The Analytical Challenge Towards 
Multidimensional Solutions
The analytical determination and 
characterization of MOH has 
always been tightly related to 
the use of multidimensional 
chromatographic techniques (7). 
Overall, the detailed qualitative 
and quantitative characterization 
of MOH into MOSH and MOAH, 
along with their respective sub-
classes, is a complex undertaking 
at every stage of the analytical 
process. This complexity encom-
passes the extraction and puri-
fication steps, chromatographic 
separation, and the necessity of 
a meticulous interpretation of the 
chromatogram, which requires 
proper training, to accurately 
integrate and quantify MOSH 
and MOAH. Details regarding 
the sample preparation steps 
are provided elsewhere (7,19–24); 
here, the focus is on the role of 
chromatographic separation and 

multidimensional GC to support 
the final data interpretation.

As mentioned earlier, the rou-
tine method for MOSH and MOAH 
separation and quantification is 
based on the LC–GC-flame ioniza-
tion detection (FID) method pre-
sented in 2009 (11). The method 
uses a silica LC column to separate 
the MOSH fraction, which is eluted 
practically without retention,  
followed by the MOAH fraction.  
The triglycerides, on the other 
hand, are retained in the column, 
and are subsequently eliminated 
by backflushing the column with 
dichloromethane. The MOSH and 
MOAH fractions are transferred 
online to the GC column through 
using an on-column interface and 
exploiting the partially concur-
rent eluent evaporation technique.  
Specific internal standards are used 
to control the efficient transfer of 
the fraction of interest and perform 
the quantification of the MOSH and 
MOAH hump at the FID (20). 

Despite the routine use of the 
sophisticated, hyphenated, and 
thoughtfully designed method,  
limitations remain in interpret-
ing the final chromatogram. Spe-
cifically, the removal of the riding 
peaks and possible superimposed 
hump is a complex task that neces-
sitates highly trained operators, 
and even then, a high level of 
uncertainty remains. To address 
this critical aspect, the JRC has 
published a report that provides 
guidance on the correct integration 
and interpretation of results (25).  
Additionally, other literature 
resources, such as (19), are avail-
able. The routine LC–GC-FID 
method has some notable limita-
tions, including: i) the inability to 
confirm the identity of the observed 
hump, and ii) the lack of additional 
information regarding the sub-
classes of MOAH, which is required 
by the EFSA for a more accurate risk 
assessment. Regarding the latter, 
the EFSA document published in 
2019 (16) clearly states in the recom-
mendations that the characteriza-
tion of the 3–7 rings MOAH should 
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FIGURE 1: MOAH fraction of coconut oil analyzed by LC–GC×GC-FID. (a) Two-
dimensional (2D) plot highlighting the relevant separation between 2 (and 2.5 rings)  
and the 3 or more rings. (b) Visualization of the 2D plot after removal of the riding peaks. 
The same chromatograms are visualized in 3D (c) before and (d) after riding peaks removal.  
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be routinely performed whenever 
MOAH are detected in food. 

At present, the most efficient 
solution to these gaps is GC×GC. 
Indeed, the use of donor-acceptor 
complex chromatography LC to 
separate mono- and diaromatic 
MOAH from the polyaromatic ones 
was proposed but never further 
validated (26); on the other side, 
the use of a MS detector for con-
firmation does not provide signifi-
cantly selective information, thusly 
not reducing the uncertainty (27).  
On the contrary, the chemical pat-
terns provided by the GC×GC sep-
aration unequivocally support the 
characterization and interpretation 
of the hump (27–28). 

In recent years, GC×GC has 
become a routine technique for 
confirming the identity of the hump 
observed in chromatograms. How-
ever, it is only recently that further 
technological advancements have 
enabled the use of GC×GC chro-
matograms for reliable quantifica-
tion of MOSH and MOAH, facilitat-
ing a comprehensive sub-classes 
characterization. This advancement 
allows for robust quantification of 
both 1–2 rings and 3+ rings MOAH, 
which is essential for toxicological 
evaluation (29–32). Furthermore, 
the routine use of GC×GC helps in 
reducing additional uncertainties 
related to the baseline position-
ing in LC–GC-FID chromatograms, 
as highlighted by the JRC (25).  
In GC×GC, bleeding is chromato-
graphically separated from the 
MOSH and MOAH fractions. More-
over, it helps the removal of riding 
peaks and supports overall plot 
interpretation using both the 2D 
and 3D visualization (Figure 1) (24). 

The proof of the ability to quantify 
the MOSH and MOAH in GC×GC 
has been mainly reported using 
a rather complex LC-2(GC×GC)-
FID/time-of-flight mass spectrom-
etry (TOF-MS) platform, which has 
led to the erroneous perception 
that to use GC×GC on a routine 
basis, the complete LC-2(GC×GC)-
FID/TOF-MS system is needed.  
Certainly, utilizing the complete 

platform offers the advantages of 
any automated technique, such as 
reducing manipulations that may 
lead to sample losses and contami-
nation. Nevertheless, an offline sys-
tem can be used as well. The criti-
cal aspect lies in the GC×GC inlet, 
which must have no discrimination 
in the volatility range of interest 
(C10–C50). This requirement implic-
itly calls for an on-column inlet and 
a large volume injection to reach 
the required sensitivity. Therefore, 
quantification can be routinely per-
formed in any GC×GC-FID system, 
provided that the correct injection 
technique is installed.

The use of GC×GC–MS remains 
important for additional confirma-
tion purposes and the detection 
of markers. In this case, discrimi-
nation is not a problem as long as 
it does not hinder the detection 
of the high boiling compounds  
of interest.

In conclusion, routine laborato-
ries do not need to make expensive 
investments since most are already 
equipped with an LC–GC-FID for 
routine purposes and a GC×GC–
MS for confirmation. By upgrading 
the existing LC–GC-FID system to 
GC×GC, laboratories can enhance 
their already advanced and mul-
tidimensional routine method, 
providing highly informative 
results and answering the EFSA 
requirements by exploiting an  
additional dimension.
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