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2 KONIK MULTIDIMENSIONAL HPLC+GC-MS

The KONIK K2 HPLC+GC and K2Q12 HPLC+GC-MS are one step beyond tandem MS-MS, opening advantageously the 
innovative world of multidimensional HPLC+GC to the Quali/Quanti analysis of organics up to the MW range of GC-MS.

Combined hyphenated techniques are always of potential interest to Analytical Chemists. In fact GC-MS and LC-MS are now 
standard equipment in most laboratories and hundreds of methods (most offi cial) rely on these hyphenated techniques. 
Their analytic power and convenience are unquestioned. This innovative HPLC+GC coupling, puts together two well 
proven techniques in synergy, as well as, optionally to mass spectrometry as the third dimension. 

KONIK-Tech has been developing and manufacturing GC’s and HPLC’s Systems, with innovative designs and unmat ched 
performances for nearly 35 years. Unique cold septum injectors, high precision ovens, pulse free pumps, multidimension 
multivalve systems, multimode autosamplers, multifunctional mass spectrometers ... are only a few of KONIK’s impressive 
trackrecord of innovation. The new Multidimensional Platforms KONIK K2 HPLC+GC and KONIK K2Q12 HPLC+GC-MS, 
fully conceived, engineered and manufactured by KONIK, based in Patent No.: US 6,402,947 B1 and others, are the next 
natural step. 

KONIK’s K2 HPLC+GC and K2Q12 HPLC+GC-MS, are unique, innovative products from a truly innovative European company! 

Multidimensional KONIK K2® HPLC+GC and 
K2Q12®HPLC+GC-MS Systems: Opening new dimensions 

Designed around State-of-the-art new generation of KONIK GC’s, HPLC’s AND MS’sKONIK K2Q12 HPLC+GC-MS 



 

APPLICAZIONI!PER!HPLC+GC!
 

ANALISI DI COMPONENTI MINORI 
INIEZIONE DIRETTA SENZA PREPARAZIONE DEL CAMPIONE 

 
L’olio di oliva si caratterizza per il suo sapore delicato e unico. L'unicità del sapore e aroma è causa di una serie 
di componenti che sono presenti in concentrazioni molto basse. Mentre la maggior parte (> 95%) dell'olio 
consiste di acidi grassi legati al glicerolo (trigliceridi), vi è un gran numero di componenti che sono presenti 
solo in piccole quantità. Tuttavia, questi cosiddetti componenti minori sono di grande importanza, alcuni di loro 
sono stati segnalati per essere di benefici alla salute umana, altri migliorano la stabilità dell'olio e, non ultimo, 
alcuni sono responsabili del sapore unico dell'olio. 
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Results 
 
Different HPLC eluent flow during transfer can be used. The sensitivity will increase 
if lower flows (100 PL/min) are used in despite of higher flows (2000 PL/min), so, 
using a lower flow, a sample dilution is needed. 
 
Figure 3 shows the HPLC+GC chromatogram obtained in the analysis of olive oil at 
100 PL/min (a) and at 2000 PL/min (b) transfer flow. At lower flow the sample must 
be diluted to obtain the peaks into the linearity range. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: HPLC-GC 
chromatogram:  
(1) squalene  
(2) G-tocopherol 
(3) J-tocopherol 
(4) cholesterol          
(5) D-tocopherol 
(6) campesterol 
(7) stigmasterol 
(8) E-sitosterol 
(9) '7-stigmasterol 
(10) '7-avenasterol 
(11) erythrodiol 
(12) uvaol 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The HPLC fraction to be transferred to the HRGC system can be selected in order to analyze 
the desired compounds. Figure 4 shows an example of HLC+GC chromatogram obtained by 
changing the chosen fraction in the HPLC system. 
 

Figure 4: HPLC-GC 
chromatogram:  
(1) squalene  
(2) G-tocopherol 
(3) J-tocopherol 
(4) cholesterol          
(5) D-tocopherol 
(6) campesterol 
(7) stigmasterol 
(8) E-sitosterol 
(9) '7-stigmasterol 
(10) '7-avenasterol 
(11) erythrodiol 
(12) uvaol 
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Quality Parameters 
 
Table 2 shows the results of precision in retentionn times and areas: 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Conclusions 
 

x KONIK K2 HPLC-HRGC instrument have been proved to be suitable for the 
automated determination of minor components of edible oils. 

x The method eliminates the time-consuming sample preparation step as no 
pretreatment is required other than a simple filtration step. 

x K2 interface is highly suitable for the automatization of HPLC-GC systems 
avoiding errors caused by sample manipulation. 

x The described method shows good precision and high sensitivity.  
x HPLC as a sample preparation method is a good alternative to traditional 

techniques such liquid-liquid extraction or SPE. 
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ANALISI DI WAX ESTERS - METODO BREVETTATO 
PUBBLICATO SU JOURNAL OF CHROMATOGRAPHY A, 1218 (2011) 4960-4965 

INIEZIONE DIRETTA SENZA PREPARAZIONE DEL CAMPIONE 
 
 

Viene!presentato!un!metodo!automatizzato!per!l’analisi!diretta!di!esteri!cerosi!(wax!esters)!in!oli!

commestibili.! Il!metodo!proposto!utilizza! il!TOTAD!(brevetto!di!Konik),!per! l'accoppiamento! in!

linea!di!HPLC!e!gascromatografia.! Il! sistema!è!completamente!automatizzato,! l'olio!diluito!con!

eptano!ha!come!standard!interno!un!wax!ester!C32,!il!campione!è!iniettato!direttamente,!senza!

alcuna!fase!di!pretrattamento!(solo!filtrazione).!Il!metodo!proposto!consente!analisi!di!differenti!

esteri!cerosi,!ed!è!più!semplice!e!veloce!del!metodo!Ufficiale!dell'Unione!Europea,!che!è!pesante!

e! richiede! molto! tempo.! I! risultati! ottenuti! corrispondono! ai! valori! certificati,! ottenuti! dalla!

media! dei! risultati! analitici,! dallo! studio! inter\laboratorio! dell’unione! europea.! Le! deviazioni!

standard!sono!inferiori!al!5%.!Il!metodo!è!adatto!per!analisi!di!routine!poiché!è!completamente!

automatizzato.!
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Fig. 1. Automated TOTAD interface during the transfer step. Symbols: (1) sorbent (Tenax TA); (2) glass wool; (3) six-port valve; (4) heated cover; (EV1 and EV2) electrovalves
1  and 2; (EPC) electronic pressure control; (PR) pressure regulator; (FR) flow regulator; (solid arrows) gas flow; (dotted arrows) liquid flow; (ST1) stainless steel tubing,
0.25  mm i.d., to transfer eluent from LC to six-port valve; (SCT) silica capillary tubing, 0.32 mm i.d.; (WT) waste tubing; (W)  waste; ( ) solvent; ( ) analytes; NV (⊥)
needle valve.

time. On-line coupling LC–GC separates the wax fraction by HPLC
and automatically transfers it to the GC to be analyzed [9,10].  On
line coupling LC–GC combines the high separation efficiency of
HPLC for sample preparation, with the high performance of cap-
illary gas chromatography separation [11].

Grob et al. proposed a LC–GC method that separated the wax
ester fraction by normal phase liquid chromatography (NPLC) and
transferred the HPLC fraction using concurrent solvent evapora-
tion and a loop-type interface [9,10] or an on-column interface [4].
The low volatility of the wax esters allows use of an on-column
interface with concurrent solvent evaporation since solutes are
well retained in the retaining precolumn. These authors also ana-
lyzed the wax esters by comprehensive two-dimensional GC with
flame ionization detection (GC × GC-FID) off-line combined with
NPLC–GC, concluding that GC × GC is an excellent tool for under-
standing the composition of the wax ester fraction but that it is not
appropriate for quantitative routine determination.

Nevertheless, the on-line coupling LC–GC by the retention gap
techniques using on-column or loop type interfaces with concur-
rent solvent evaporation has several disadvantages, such as the
variability in the retention time in GC and the short life of the chro-
matographic column, as well as of the capillary used as retention
gap.

Our research group has developed an interface named TOTAD
(through oven transfer adsorption desorption) [12]. The interface is
a modified PTV injector. The changes made in the PTV injector affect
the pneumatics, sample introduction and solvent elimination and
allows the large volume injection (LVI) of polar solvents [13,14]
and the on-line coupling RPLC–GC [15–17].  The TOTAD interface
has also been used for LVI of non-polar solvent in GC [18] but, up to
date, it has not been used for NPLC–GC coupling. The main problem
in on-line coupling LC–GC is to introduce into the GC a volume of
eluent proceeding from the LC (the fraction of LC that contains the
analytes), which is very superior to that normally injected in GC.
Although the introduction of large volume of non-polar solvent into
GC using the TOTAD interface has been previously carried out [18],
some additional difficulties must be solved in the on line LC–GC. The

aim of the present work was to demonstrate the versatility of the
TOTAD interface. Since TOTAD interface has been satisfactorily used
for LVI of polar and non-polar solvent and for the on-line coupling
RPLC–GC, we want to demonstrate the capacity of the system for
the on-line coupling LC–GC when LC step is carried out in normal
phase. To this aim we  have developed a new method to analyze wax
esters in edible oils. To analyze wax  ester by RPLC–GC is not a good
option because wax  esters elute after the triglycerides from the LC
column when reversed phased is used and due to the tail of the
triglyceride’s peak, some amount of triglycerides are transferred
together the wax ester fractions causing degradations of the GC

Fig. 2. LC chromatograms of (a) lampante olive oil (sample VG238) and (b) stock
solutions of wax  esters C32 and C40, registered with RI detector. The thick line
between the time axis and the chromatograms indicates the transferred fraction.
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Fig. 3. GC chromatogram obtained from the NPLC–GC-FID analysis of (a) virgin olive oils and (b) refined olive oil.

column, so that to analyze wax esters normal phase should be used
in order to avoid this problem.

2. Experimental

2.1. Materials

Different oils were provided by Consejeria de Agricultura y
Pesca of Junta de Andalucia, Spain (VG 238, lampante olive oil
100%, BL 597, a mixture of extra virgin olive oil 60% and sun-
flower oil 40%, RF 429, a mixture of refined olive oil 80% and
palm oil 20%, PM 371 refined pomace olive oil). These oils are
certified reference materials which were obtained through the
“Campaña InterOLEO-MRC 2006” certification study, organized
by the Chemical Metrology and Qualimetrics Unit (CMQ) of the
Department of Analytical Chemistry in the University of Granada
(Spain). Other oils were purchased from a local market (virgin
olive oil, refined olive oil, virgin sunflower oil, refined sunflower
oil).

The standards of wax esters, C32 and C40, were purchased
from Sigma–Aldrich (Steinheim, Germany), and C36 was purchased
from Dr. Ehrenstorfer GmbH (Augsburg, Germany). Three stock
solutions of 1000 mg/l of each wax ester (C32, C36 and C40) in

Table 1
Relative standard deviation (RSD) for retention time, absolute peak areas, and con-
centration resulting from the analysis of the wax  esters of a lampante olive oil
(sample VG 238). The number of injections was 5 (n = 5).

Wax
ester

RSD (%)

Retention time Area Concentration

C32 0.08 5.28 –
C40 0.18 5.70 2.80
C42 0.23 6.42 4.84
C44  0.28 4.96 2.36
C46 0.30 4.66 2.11

heptane were prepared and stored a 4 ◦C. These solutions were
used to prepare a standard solution at 3 mg/l by dilution with hep-
tane.

The heptane used to dilute the oil, as well as hexane and ethyl
acetate used as mobile phase, all HPLC grade, were purchased from
LabScan (Dublin, Ireland).

The glass liner of the TOTAD interface was packed with a
1 cm length of Tenax TA 80–100 mesh (Chrompack, Middelburg,
Netherlands) between two  plugs of glass wool to keep it in place.
The packed liner was  conditioned under a helium stream, which
was  heated from 50 ◦C to 350 ◦C at 50 ◦C/10 min and maintained
for 60 min  at this final temperature.

2.2. NPLC–GC method

2.2.1. Sample preparation
500 mg  of the different oil samples were weighed and forti-

fied with 0.5 mg  of the internal standard, Lauril Araquidate (C32)
(Sigma–Aldrich), when a pomace refined oil was being analyzed
and with 0.1 mg  in the case of the other oils. The refined pomace
oil was  diluted with 30 ml  of heptane and the other samples with
10 ml,  and subsequently filtered through a 0.22 !m filter (Chro-
matography Research Supplies, Inc.).

2.2.2. Instrumentation
The analyses were performed using on-line coupling LC–GC

equipment fitted with an automated TOTAD interface, US Patent
6,402,947 B1 (exclusive rights assigned to KONIK-Tech, Sant Cugat
del Vallés, Barcelona, Spain). The TOTAD interface operation mode
has been described elsewhere [12].

The HPLC system (Konik model 550) was  composed of a quater-
nary pump, a column oven, a manual injection valve (model 7125
Rheodyne, CA) with a 20 !l loop and an refractive index (RI) detec-
tor (Konik RID-560), The gas chromatograph (Konik model HRGC
4000B) was equipped with a TOTAD interface and a FID. KoniKrom
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Á. Aragón et al. / J. Chromatogr. A 1218 (2011) 4960– 4965 4963

Table  2
Wax  ester concentrations (mg/kg) in four different oil samples. The values obtained with the proposed method appear as TOTAD. The concentrations are the average value.
The  number of injections was 3 (n = 3). The certified values obtained according to the official method appear as EU. The difference between the values obtained by both
methods appears as percentage (%). For total waxes the expanded uncertainty values appear in italics and between parentheses.a

Wax
ester

PM 371 VG 238 RF 429 BL 597

TOTAD EU % TOTAD EU % TOTAD EU % TOTAD EU %

C40 706 656 7.6 55 52.1 5.6 69 68 0.9 42 50 16
C42 1126 1146.3 1.8 94 90.4 4.3 70 68 3.5 41 43,5 5.1
C44  831 810 2.6 105 101 3.8 67 66.9 0.8 18 18 0.6
C46  209 194 8.1 31 31 1.3 31 33 7.0 15 16 9.1
Total  2872(194)  2800(150)  2.6 285(17) 270(17) 5.8 237(2) 230(41) 3.1 116(5) 118(30) 2.1

aThe expanded uncertainty was obtained by multiplying the standard deviation by a coverage factor k = 2; which defines an interval having a level of confidence of 95%.

Plus 8519 (Konik, Sant Cugat Del Vallés, Barcelona) software was
used to obtain data from LC and GC runs and to automate the pro-
cess.

2.2.3. LC conditions
LC pre-separation was carried out on a 250 mm × 4 mm i.d. col-

umn  packed with modified silica (Lichrospher 5 !m Si 60, Hichrom,
Berks, U.K.) maintained at 25 ◦C. Hexane/ethyl acetate was  used as
eluent.

20 !l of the stock solutions were injected in order to ascer-
tain the elution time of the fraction to be transferred to the GC.
The initial composition of the eluent (hexane/ethyl acetate; 95:5
(v/v)) at a flow rate of 0.5 ml/min was maintained for 9 min  and
then the gradient was varied to reach 100% ethyl acetate within
1 min  and maintained 20 min  to assure the complete elimination
of impurities.

For the analysis of the samples, 20 !l of the oil sample prepared
as described above was injected. The composition of the eluent,
95:5 (v/v), was maintained constant during elution of the fraction
of interest and during the transfer step. After the transfer, the flow
was raised to 2 ml/min and the gradient was changed to 100% ethyl
acetate within 1 min  and maintained for 20 min  to ensure complete
elimination of triglycerides.

2.2.4. LC–GC transfer
Initially, the TOTAD interface was stabilized at 150 ◦C with EV1

closed and EV2 open. Helium flow was 500 ml/min through A and
through B. The GC oven temperature was maintained at 80 ◦C. At
the beginning, the eluent from the HPLC system was sent to waste.
When the front of the wax esters fraction reached the six-port valve,
this was automatically switched, transferring the fraction to the GC,
this step is outlined in Fig. 1. Helium pushed the solution through
the glass liner. During the transfer time, wax esters were retained
by the adsorbent inside the glass liner and the solvent was vented
to waste through the WT  tubing.

When the transfer step was completed, the six-port valve was
switched and EV1 opened. In this way, the LC eluent was  sent to
waste. The solution in the silica capillary tubing SCT was  also sent
to waste, pushed by the helium. The TOTAD interface temperature
was increased from 150 ◦C to 185 ◦C and maintained for 2.9 min
to ensure elimination of all the remaining solvent and to remove

any impurities in the glass-liner. After this time, EV1 and EV2 were
closed and flow through B was  interrupted while the carrier gas
pressure through A was  changed to 34 psig.

Then, the TOTAD interface was  heated to 350 ◦C for 5 min  to
achieve the desorption of the retained solutes and their subsequent
transfer to the capillary GC column.

After the GC analysis, EV2 was opened and the interface was
cleaned by maintaining the helium stream at 350 ◦C for 5 min.
Finally, it was  cooled to 150 ◦C so that another analysis could be
carried out.

2.2.5. GC conditions
A fused-silica column 15 m × 0.25 mm i.d. coated with 5% phenyl

methyl silicone (film thickness 0.25 !m)  from Quadrex (Wey-
bridge, U.K.) was used for the gas chromatographic separations.
During the transfer and the solvent elimination steps, the oven
temperature was kept at 80 ◦C. During GC analysis, the column
temperature was maintained at 80 ◦C for 1 min, raised to 325 ◦C
at 20 ◦C/min, 5 min, and finally to 335 ◦C at 20 ◦C/min, 15 min. The
FID temperature was kept at 350 ◦C. Helium at 34 psig was used as
the carrier gas.

2.3. European Union Official Method

The European Union Official Method [3] was applied in the
analytical determinations. The certified value is reached from the
median of the analytical results of the inter-lab certification stud-
ies carried out by fourteen laboratories chosen from among those
accredited by the International Olive Oil Council (IOOC) and recom-
mended by the same institution. Six laboratories were from Spain,
four from Italy, two from Portugal, one from France and one from
Greece.

3. Results and discussion

3.1. Analytical method

The method proposed allows the fully automatic analysis of wax
esters in edible oil. The oil is directly injected with no sample pre-
treatment step other than addition of the internal standard, dilution
of the oil sample and filtration. The isolation of the wax ester frac-

Table 3
Wax  ester concentrations and standard deviation (mg/kg) obtained by the proposed method for different edible oils (VOO: virgin olive oil; ROO: refined olive oil; VSO: virgin
sunflower oil; RSO: refined sunflower oil). The number of injections was  3 (n = 3).

Wax
ester

VOO ROO VSO RSO

Concentration SD Concentration SD Concentration SD Concentration SD

C40 29.06 0.81 48.09 1.35 16.68 0.47 80.20 2.25
C42 28.49 1.38 72.31 3.50 70.74 3.42 64.21 3.11
C44  20.31 0.48 80.31 1.90 17.05 0.40 35.39 0.84
C46 13.14 0.28 45.24 0.95 n.d. – n.d. –
Total  91.00 2.95 245.95 7.70 104.47 4.29 179.8 6.19



 
 

CROMATOGRAFIA!MULTIDIMENSIONALE!
VANTAGGI!PRINCIPALI!

!
• Preparazione*del*campione*semplificata*

• Completa*Automazione**

• Riduzione*dei*tempi*di*analisi*

• Riduzione*del*consumo*di*solventi**

• Permette* la* messa* a* punto* rapida* e* semplice* di* nuovi* metodi* analitici* o* il*

miglioramento*di*metodi*già*sviluppati**

• Garantisce* l’integrità* del* campione* aumentando* la* quantità* di* sostanza*

recuperata*rendendo*più*semplice*la*quantificazione**

• Rivelazione*selettiva*o*universale*(Analisi*Target*ed*Un@target)*
• Migliorano*i*limiti*di*rilevabilità**

• Analisi* qualitativa* adatta* ad* alle* analisi* di* routine* grazie* al* doppio* tempo* di*

ritenzione*(HPLC*e*GC)*e/o*tramite*il*rivelatore*di*Massa*

• Utilizzo* indipendente* di* ciascun* modulo* (GC,* HPLC,* MS)* per* le* analisi*

standardizzate* su* queste* piattaforme,* permette* l'aggiunta* di* altri*moduli* come*

autocampionatore*ROBOKROM,*spazio*di*testa,*P&T,*SPmE,*ecc...**
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