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Simultaneous chemical and sensory analysis with multidimensional
GC-MS-Olfactometry

Simultaneous chemical and sensory analysis with multidimensional gas chromatography-mass spectrometry-
olfactometry (mdGC-MS-O) combine classic chromatographic separations with sensory analyses. Trained panelist
and human nose is used as a detector simultaneously recording olfactory responses (aromagrams) with chemical
separations (chromatograms). Analysis of chromatograms and aromagrams enables separation of odor- (or aroma-)
causing compounds in very complex matrixes. Multidimensional chromatography by heart-cutting with Dean’s switch
enhances chromatographic separations. Combined with the sensory analyses, it allows for isolation and ultimately,
identification of odor-causing compounds. Mass spectrometry detection allows for identification and quantification
of specific target compounds. The objective of this paper is an introductory overview of simultaneous chemical and
sensory analyses using multidimensional GC-MS-Olfactometry.
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Suex A. Kozuen
Ken esmmemai I'’X-MC-osbpakromerpus saiciMmen 6ip Me3rijiiik XUuMHSIIBIK 2K9HE CEHCOPJIBIK TaJliay

Kem emmemai ra3ast xpomarorpadus-macce-crekrpoMeTpus-onbdakromerpus (koI X-MC-O) saiciMen 0ip Me3rinik
XUMHSUIBIK JKOHE CEHCOPJIBIK Talldy KIACCHKAIBIK Xpomarorpadusuiblk Oey[l jKoHe CEHCOPIIBIK Taljiaynap-
nbl OipikTipeni. YHpeTiireH orneparop »oHe aJaMHbIH MYpHBI Hic Oenrijepi (apomarpammainap) »oHe XUMUSIIBIK
Geninyni (xpomarorpammanap) Gipmesriyje jka3aThlH JIETEKTOp peTiHAe KONJaHbUIaIbl. XpoMarorpammaniap MeH
apomarpaMmanap/sH Tajajaybl eTe KypJeli Marpunaitapaa uici 6ap (apomar) KOCBUIBICTApABI 06Iyre KoMeKTece .
JIvH ayBICTBIPFBILIBI Oap KO oJIIeM i ra3abl XpoMarorpadus xpomarorpadusuiblk 6eminy/i xkakcaptaabl. CeHCOPIBIK
TanayJapMeH YHiIecin, ol Mic MIbIFapaThiH KOCBUIBICTAPIbI M30JISALMSIIAI, aKbIPBIHAA aHBIKTayFa MYMKIHAIK Oepei.
Macc-CreKTpOMETPUSIUIBIK  aHBIKTay Oerili HbICAHAIBIK KOCBUIBICTAp/Abl HMICHTH(UKALMSIAyFa JKOHE CaHIBIK
aHBIKTayFa MYMKIHIIK Oeperi. bepinren »xymbicThiH MakcaThl ken emmemi [ X-MC-o1b(akToMeTpHUsiHbI KOJIJaHbII
0ip ME3TUIIK XUMHUSUTBIK JKOHE CEHCOPIIBIK TaJIAayIapIAblH KipicIie IIoIysl OONBIT TaOblIaIbL.

Tyiiin ce3mep: ra3us xpomarorpadus, Macc-CIEKTPOMETPUS, ONb(HaKTOMETPHsI, CEHCOPIIBI TAJayIap, apoMar, Hic,
keI enmiem/i xpomarorpadus, JJUH aybICTBIPFBILIBL.

SAnex A. Kosuen
OnHoBpeMeHHbIH XMMUYeCKU U CeHCOPHBIH aHaIu3 MeToa0oM MHOroMepHoii I'’X-MC-oabpakromerpuu

OnHOBPEMEHHBIN XUMUYECKHIA M CEHCOPHBIH aHaIM3 ¢ MHOTOMEPHO# ra30BOi XpoMarorpadueii-macc-CreKTpoMeTpreii-
onbdaxromerpuer (MMI'X-MC-O) o0beanHsIeT KIaCCHUECKOE XpOoMaTorpauueckoe pas3jieleHHe C CEHCOPHBIMU
aHamu3amMu. OOyueHHBIH OIepaTop M YeNlOBEYECKUI HOC MCIOMb3YIOTCSl B Ka4eCTBE JETEKTOPa OJJHOBPEMEHHO 3allu-
CBIBAIOIIET0 OOOHATENBHBIE OTKIUKH (apOMarpaMMbl) U XUMUYECKOE pa3/eleHrue (XpoMaTorpaMMbl). AHAIN3 XpoMma-
TOrpaMM M apoMarpaMM IO3BOJISIET PA3AENUTh COEIUHEHNS, UMEIOIIUE 3anax (apoMaT) B OUY€Hb CIOXKHBIX MaTPHUIAX.
MHoromepHas xpomarorpadus ¢ nepexirodareneM J[iHa noBelaeT xpoMmarorpaduyeckoe pasaenenue. B couerannu
C CCHCOPHBIMHU aHaJIM3aMH, OHA IMO3BOJIACT U30JIMPOBATh U, B KOHECYHOM CYUETE, H}leHTI/I(bI/IL[I/IpOBaTb COCIMHCHU A, BbI-
3bIBAIOIIHE 3aMax. Macc-CleKTpOMETPUYECKOE ONpe/IeICHNUE MO3BOIISIET NACHTU(DUIIMPOBATh U KOJIMYECTBEHHO OIpe-
JICTISAITh KOHKPETHBIC IeNIeBbIe coequHeHMs. [[ebio JaHHOH paboThI SBISCTCS BBOAHBINA 0030p OJHOBPEMEHHBIX XUMH-
YECKUX U CEHCOPHBIX aHAIN30B C UCIIONB30BaHHeM MHOroMepHoit ['X-MC-onbdakromeTpun.

KoroueBsie ciioBa: ra3osast XxpomaTorpadus, Macc-CIIeKTpOMETpPHsI, OJIb(AKTOMETPHs, CEHCOPHBIE aHAJIM3bl, aPOMAT,

3amax, MHOTOMepHas Xxpomarorpadus, nepeximodarens JnHa.
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Introduction

Chemical analyses of odor and aroma is one
of the most challenging of analytical tasks. This is
because the odor- components are often present at
very low concentrations that are below detection li-
mits of chemical detectors. Often, compounds cau-
sing odor are present in a complex matrix of less
important or irrelevant analytes. Thus, they could be
easily overlooked by skilled analysts that naturally
focus on chromatographic separations and detector
responses. Yet most of ‘real-life’ matrix are very
complex mixtures of hundreds if not thousands of
compounds.

It is generally accepted that odors and aro-
mas perceived by human nose are defined a small
subset of compounds in these complex mixtures.
These ‘odor-defining’ or ‘aroma-defining” compo-
unds are often characterized by low odor detection
thresholds (DTs). Odor DTs are defined as gas-
-phase concentrations of compounds vapors which
can be first detected by 50% of human population.
Some odor-defining compounds have DTs ranging
from part-per-million to below part-per quadrillion.
DTs for many compounds are unknown or simply
unattainable with current sensitivities of analytical
equipment. Thus, human nose used as a detector
can be a very useful approach to isolate and identify
key compounds in complex mixtures that are res-
ponsible for the overall odor and aroma of a com-
plex mixture.

Simultaneous chemical and sensory analysis
(e.g., GC combined with sniff port, a.k.a. GC-O)
that combines olfactometry and the use of human
nose as a detector with conventional gas chroma-
tography can be useful to isolate and separate in
many applications. Multidimensional GC-MS-O is
few steps ahead of the conventional GC-O appro-
ach by offering (1) identification and quantification
capabilities with MS and (2) ~ 10-fold increase in
chromatographic separation associated with mul-
tidimensional GC. Multidimensional GC based
on the Dean’s switch and heart-cutting (not to be
confused with comprehensive GC x GC) allows for
additional improvements in isolating odor-defining
compounds in very complex mixtures.

The objective of this paper is an introducto-
ry overview of simultaneous chemical and sen-
sory analyses using multidimensional GC-MS-
Olfactometry.
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Methods

Multidimensional GC-MS-Olfactometry sys-
temsare used for the separation, isolation, identi-
fication and quantification of compounds in very
complex matrixes of hundreds if not thousands
of compounds. Olfactometry analyses using hu-
man nose as a detector were simultaneous with
chemical analysis via the MS. The MDGC-MS-O
system is equipped with two columns in series
with a system of valves allowing transfer of sam-
ples between columns based on the Dean’s switch
concept (heart-cutting).Schematic is presented in
Figure 1.

The mdGC-MS-O (Microanalytics, Round
Rock, TX) system consists of a conventional GC-
MS (Agilent 6890N GC / 5973 MS from Agilent
Inc., Wilmington, DE) and FID with an additional
sniff port for olfactory analysis. This system is equ-
ipped with 2 capillary columns, i.e., a 12 m x 0.53
mm ID non-polar precolumn (Model SGE BP-5+,
SGE, Austin, TX) and a 25 m x 0.53 mm ID polar
analytical column (Model SGE BP20, SGE) con-
nected in series along with a system of valves al-
lowing the transfer of a gas sample between the two
columns (a.k.a. heart-cutting). The mdGC-MS-O
is connected to a computer with a system automa-
tion software MultiTrax (Microanalytics) and data
acquisition software AromaTrax (Microanalytics),
BenchTop/PBM (Palisade Corporation, Ithaca, NY)
and MSD ChemStation (Agilent).

The total sample run time for each analysis is
typically 40 min. The carrier gas is He (99.995%
purity). The oven start temperature is 40 °C and
held constant for 3 min. Oven temperature is then
increases from 40 °C to 220 °C at a 7 °C/min ram-
ping rate and reaches the final temperature of 220
°C where it is held for 11.29 min. Back flush of the
precolumn occurrs from 36 min to 40 min to prepa-
re the system for the next sample. The GC is ope-
rated in a constant pressure mode where the mid-
-point pressure, i.e., pressure between pre-column
and column (Figure 1), is always at 5.8 psi and the
heartcut sweep is 5.0 psi. The FID connected to the
pre-column is maintained at 280 °C with a H, flow
rate of 35 mL/min, an air flow rate of 350 mL/min,
and the makeup N, flow rate of 10 mL/min. The FID
data acquisition rate is 20 Hz.The MS is connected
to the polar column (Figure 1) and the transfer line
is maintained at temperature of 240°C.
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Simultaneous sensory evaluations are made
through the sniff port (Figure 1) equipped with two
capillary columns. Only one of them delivers a sam-
ple to a panelist depending on the instrument mode
(Figures 1), i.e., with or without heart-cutting. The
temperature for the sniff port capillaries are set to
220 °C to eliminate vapors condensation. In addi-
tion, humidified air is constantly delivered to the
sniff port at 8.0 psi to maintain a constant humidity
level for the panelists’ mucous nasal membranes.
The tip of the sniff port is equipped with a glass
nose cone (SGE, Part # 093513).

Multidimensional capability is typically
used for better separation of gases and odors of
compounds associated with swine manure. The
MDGC-MS-0O system was capable of working

in 3 modes, i.e., GC-FID only, GC-FID-O, and
GC-MS-0O. The MultiTrax system software is
used to control the timing of valves and heart-
-cuts (HC) for each mode. Heartcut is defined
as a portion of sample “cut” from the non-polar
pre-column and transferred to the polar column.
Compounds are further separated on the polar
column and then simultaneously analyzed on the
mass selective detector and sniff port by a pa-
nelists. When the HC valve is opened, the gas
sample is transferred from the pre-column into
the polar column (Figure 1). When the HC valve
is closed, the gas sample stopped flowing into
the polar column. Multiple HCs can be selected
for one run. The HCs could be as short as 1 sec
and long as entire run.

N owh

) dlolo

Schematic of multidimensional gas
chromatography-mass
spectrometer-olfactometry system

MSD

1: MultiTrax Controller

9: Backflush Sweep
Notes: 10: Fixed Restrictor to Inlet 17: Fixed Restrictor to MSD
11: Liquid CO, Feed

2: PrecolumnSniffPort Selector 12: CO,Cryotrap 19: OSI Sweep
3: Heartcut Valve 13: Midpoint Pressure 20: Humidifier
4: CO, Cryotrap 14: Heartcut Sweep 21: Airin

5: Precolumn Backflush 15: Non-Polar Pre-column 22: SniffPort

6: Solenoid

7: Filter

8: Injector

16: Polar Column

18: Open Split Interface (OSI)

Figure 1 — Schematic of multimensional GC-MS-Olfactometry system for simultaneous chemical and sensory analyses
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Figure 2 shows the actual photo of such system at the Atmospheric Air Quality Laboratory at lowa State
University.

TD Autosapler

il

Figure 2 — Multimensional GC-MS-Olfactometry system for simultaneous chemical and sensory analyses. Gas samples could be in-
troduced using either (1) sorbent tubes with trapped gases and the thermal desorption (TD) autosampler, (2) solid-phase microextration
(SPME), or (3) direct injection

Results lyses. Trained panelists places his/her nose at the

sniff port (Figures 1 and 2) and records 3 signals

The following sections further discusses and il- simultaneously with on-going chemical analyses.

lustrates how the mdGC-MS-Olfactometry system Panelist works with the touch screen panel that is
is used for simultaneous chemical and sensory ana- shown in Figures 3 and 4.
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Figure 3 — Full screen view of the sensory panel screen. On-going chemical analyses (chromatogram)
can be hidden from the panelist. The colorful, 64 field panel is used to record odor character, odor intensity and odor hedonic tone
(close up presented in Figure 4)

ﬂ‘ﬂ Data Acquisition - AromaTrax - I I:]L:
—Aroma Data Acquisition =
Active Desciptors [N 0 |  Method Name MS LIBRARY.MTH|  Status [Aunning | ElapsedTime 2350 |  RunTime [40.00
g | CercelEvent | Flag Desciiptor | Stop | ShowSignals | Show Preview | Cose |

Skunky

N atural Ga:

Musty

Moldy Burnt tire

Burnt plastic

Figure 4 — Odor panel used by trained panelist to record odor character, odor intensity and hedonic tone

Three sets of signals is generated for each sam-
ple including the total ion chromatogram (TIC), the
FID signal, and the Aromagram. The Aromatrax
software is used to record odor ‘events’simulta-
neously with chemical separations and analyses.
Panelists evaluate odor character (i.e., what is sme-

lIs like?) and intensity (how strong is the smell on
the scale from 0 to 100%) and the hedonic tone.
The hedonic tone is a measure of pleasantness and
unpleasantness on the scale from -4 to +4. All odor
events re plotted in the aromagram, which included
odor event start and end time, odor intensity, odor
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event area, odor descriptors, and the number of
odor events recorded during the entire run. Number
of databases exist for designation and use of com-
mon odor and aroma characters such as LRI and
Flavornet. Sensitivity of human nose and the level
of training varies and therefore it is reasonable to
expect wide variations especially with not trained
panelists. Screening of detection sensitivity, checks
with aroma standards, certain panelist etiquette rela-

ted to diet, personal care, and well-being are crucial
for maintaining the quality assurance.
There are three common scenarios:

1. a chromatographic peak and no resulting
odor

2. a chromatographic peak and no resulting
odor

3. no chromatographic peak and resulting
odor

Trace levels of gases cause 5|gn|f|cant odors

82
Tins (minutes)

'
817

.
75
J

Demo Mode Active

318 1018

Figure 5 — Comparison of aromagram and chromatogram from simultaneous chemical and sensory analyses illustrating typical
scenarios and usefulness of GC-MS-O approach for finding and isolating odor-causing volatiles

The first scenario is quite common, i.e., approxi-
mately 2/3" of volatiles in typical environmental sam-
ples are present in low concentrations, i.e., below DTs.
The second scenario allows for matching of particular
odor with causing compound. The third scenario is
often most interesting, it is the case when compounds
causing odor are likely very potent odorants (low DTs)

12-
120-

Relative Intensiy

I o

that are present at very low concentrations. All three
scenarios are summarized in Figure 5 below.

Figure 6 illustrates comparison of chromato-
gram and aromagram of exhaust air from a livestock
barn. It is apparent that not only the air sample is
complex, but so is the aromagram. As many as 28
separate odor events were reported.

il we Bewary

s
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Tine (rines)

wwm

st

2400 20

Figure 6 — Comparison of aromagram and chromatogram from simultaneous chemical and sensory analyses
of exhaust air from a livestock barn
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Table 1 summarizes odor characters, odor intensity and odor hedonic tone for the livestock barn air analy-
ses shown in Figure 6.

Table 1 - Summary of odor characters, odor intensity and odor hedonic tone for the livestock barn air
analyses shown in Figure 6.

Event Odor | Start |Duration| Odor |Hedonic
# Odor Character Intensity| Time| Time | Area| Tone
1 Skunky 70 1.48 | 0.15 |1048 -3
2 Skunky 50 1.81| 0.11 | 549 -2
3 |Onion 10 2.79| 0.14 | 139 -1
4 Sweet, Buttery 50 3.51| 0.41 |2046 2
5 |Onion 10 432 0.15 | 149 -1
6 [Skunky, Sewer 30 6.2 | 0.14 | 419 -2
7 |Grassy 50 6.5 | 0.34 |1697 2
8 Skunky, Sewer 30 7.11| 0.14 | 419 -2
9 [Sewer 10 8.99| 0.06 59 -1
10 (Onion 10 10.05/ 0.12 | 119 -1
11 |Mushroom 70 |11.45/ 0.4 2795 2
12 Skunky, Sewer 70 125| 0.11 | 768 -3
13 |Acidic 50 (12.85| 0.22 | 1098 -2
14 Skunky 5 13.97| 0.1 49 -1
15 Body odor, Fatty acid 30 [14.43] 0.2 598 -1
16 Body odor 10 15.14, 0.12 | 119 -1
17 Skunky 50 |15.83] 0.06 | 299 -2
18 Body odor, Fatty acid 70 |16.13| 0.35 |2445 -2

Body odor, Fatty acid,
19 Sweet 70 116.83] 0.49 3424 -3
20 |Acidic, Fatty acid 10 [18.17| 0.12 | 119 -1
21 |Acidic, Fatty acid 10 (20.34| 0.14 | 139 -1
22 Burnt, Phenolic 10 20.67| 0.13 129 -1
Burnt, Phenolic,
23 |Medicinal 50 (23.87 1.08 |5391 -2
24 Burnt, Phenolic 10 25.39| 0.16 159 -1
Burnt, Smoky, Phenolic,
25 |Medicinal 50 (26.32| 0.7 |3494 -2
26 Burnt, Smoky, Roasted 30 |28.18] 0.8 2396 -2
Burnt, Barnyard, Taco
27 [Shell 30 30.03] 0.95 |2845 -2
28 Burnt, Medicinal 10 31.28| 0.79 | 788 -1
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Careful analyses of aromagrams with matching
chromatograms enables a variety of useful analyses.
Some examples of applications are listed below:

1. Identifying links between an odor and a com-
pound causing it

2. Isolating odor-causing compounds in very
complex mixtures of volatiles.

3. Determining the effects of concentration on
human panelist response.

4. Screening larger population of panelists for
responses to certain compound and certain concen-
tration.

5. Breaking down compounds that comprise
pleasant or unpleasant smells.

6. Solving odor problems by focusing on miti-
gation of compounds that really matter,

7. Enhancing aromatic compounds when cer-
tain aromas are desired.

Further reading on development and application
of mdGC-MS-O technology (specifically at lowa
State Unviersity) could be found in references listed
in this article.

Conclusions

Simulaneous chemical and sensory analyses are
useful for many real problems common to engineers
and scientist working with environment, food, pharma-
ceuticals, consumer products, personal care products,
and quality assurance/quality control. Specifically,
this technology can be very useful to isolating, separa-
ting quantifying, and ranking odor- or aroma-causing
compounds in very complex matrixes.
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