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Selected ion flow tube mass spectrometry (SIFT-MS) is an analytical mass spectrometry technique that offers real
time and rapid identification and quantification of gases in air and human breath, even it is trace amount. This
technology is used rapid measurements of volatile organic compounds (VOC) and some inorganic gases.

SIFT-MS can be applied in food science, environment, medicine, and health and safety practice. In food science,
several studies of volatile compounds in fruit and vegetables, nuts, cocoa and cocoa liquors have been reported. The
applications of this technology is allowed to air analysis in following areas; hazardous toxic chemicals in shipping
containers, diagnosis of non-invasive diseases through breath analysis and screening urine of workers for levels of toxic
compounds.

Detection of ppt level of VOCs, real-time ambient air monitoring without any required sample preparation, and the
direct analysis of moist samples are considered as the advantages of this technique. However, conflicts in compound
identification and quantification between ionized fragments with the same molecular weight are the challenges of SIFT -
MS.

The aim of this review is point out a new technology for measuring VOCs and outlines some results from several
studies to show the application area of SIFT-MS in food science and other areas.

Keywords: Selected lon Flow Tube Mass Spectrometry (SIFT-MS), volatile compound, fruits and vegetables, rapid
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INTRODUCTION

Selected ion flow tube mass spectrometry
(SIFT-MS) was intended in the mid 1990’s as an
analytical method for the direct, accurate analysis
of humid exhaled breath while avoiding redundant
sample preparation into bottle or onto traps [1].
SIFT-MS is reversed the process which had been in
use for the previous 30 years for determining rate
coefficients. Main objective is if a rate coefficient
and product ion(s) were known for an ion-molecule
reaction, the concentration of neutral analyses can
be found. The researchers assumed that this
technology could be useful for breath research and
the non-invasive diagnosis of illnesses [2].
Nowadays, SIFT-MS is wused effectively an
analytical mass spectrometry technique that
provides rapid identification and quantification of
trace amount of gases in air and human breath. This
technology is offered for real-time analysis of trace
concentrations of VOCs, which normally present in
the vapour phase at room temperature, and some
inorganic gases [3].

SIFT-MS has been applied in many areas,
including food science, environment, medicine, and
health and safety practice. The applications of this
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technology is not limited with fruit and vegetable
flavors, also this technique can be used in detecting
levels of hazardous toxic chemicals in shipping
containers, in rumen gas, research on diagnosis of
volatile markers of infection and tumors in urinary
headspace, and screening urine [4]. Ability to
simultaneous measurement of the concentrations of
many compounds in a single sample without
chromatographic  separation make SIFT-MS
preferred for VOCs measurements [5].

OVERVIEW OF SIFT-MS

The operation of a SIFT-MS instrument is to
determine the Kkinetic parameters of an ion-
molecule reaction, which helps to determine a
reaction rate coefficient and the product ion
branching ratios. Francis [2] clearly explained the
reactions during SIFT-MS operation. The basic
principle of SIFT-MS is soft chemical ionization.
An external ion source produces selected ions as
HsO", NO* and O;*, and forwards them to the ion
injection orifice separately. Reagent ions do not
react with air, N2, O,, Ar, CO; and water vapour
[4], despite those ions react with most other gases
and vapours [6]. These ions move through a flow
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Fig. 1. Scheme of SIFT-MS [10].

tube carried by helium as a carrier gas [7]. Sampled
air or reactant gas is injected into the flow tube via
the inlet port and travels in the flow tube with the
inert carrier gas at a known flow rate [8]. Trace
gases in the sample react with precursor ion and
generate product ions [7]. Product ions are detected
by the quadrupole mass spectrometer and the target
gas concentration can be calculated by using the
reaction rate constant (k value) and product ion to
precursor ion rate of the specific volatile
compounds [8, 9]. The concentration [M] of
selected volatiles is calculated using the product
count rate (Ip), reaction rate constant (k), precursor
ions count rate (1) and reaction time (t) as follows:
[M]=Ip/1kt [9].

Schematic of SIFT-MS is shown in Figure 1
[10].

OTHER ANALYTICAL TECHNIQUES FOR
VOCS

There are different types of instruments exist for
measuring VOCs in the air, headspace and breath.
The traditional analytical methods to measure
VOCs in the air and the headspace mostly require
an isolation step before identifying the compounds.
Some of the isolation methods used in previous
studies is extraction, distillation, dynamic
headspace, solid phase micro extraction (SPME),
and liquid-phase micro extraction (LPME) [11-16].
To determine the VOCs in the breath requires real
time measurements; therefore extraction step
should be eliminated. In this  respect,
instrumentation that will be chosen need to be
suitable for real time measurements.

Gas chromatography (GC) was used for
separation and identification of compounds [14,16]
equipped with Mass Spectrometry (MS), Flame
lonization Detector (FID) [12,17], Electron Capture
Detector (ECD), Photoionization Detector (PID)
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[18], Flame Photometric Detector (FPD) [5,20],
Nitrogen Chemiluminescence Detector (NCD) and
Sulfur Chemiluminescence Detector (SCD) [21,22].

Proton transfer reaction mass spectrometry
(PTR-MS) is a newly developed technique, which
allows rapid detection of aroma compounds in
alcoholic beverages [23], breath analysis of banana
aroma during eating [24], breath profile of smoker
and non-smokers [25]. This technique was
developed for on-line gas monitoring [26]. PTR-
MS also used in chemical ionization (CI)
techniques for detection of ionizing molecules with
minimum fragmentation [27]. CI offers high
sensitivity when the primary ions have enough time
to react with the neutral compounds. PTR-MS
instruments have recently incorporated linear and
quadrupole ion traps and time-of-flight mass
spectrometers (TOF-MS) for greater compound
specificity. TOF-MS is well designed to give
accurate mass data; however, a TOF tube does not
give data associated with structural isomers [28,29].

Since there was interconnection between
quantities of reacting species and reaction time,
atmospheric pressure chemical ionization (APCI)
systems have been developed [30]. Atmospheric
pressure chemical ionization mass spectrometry
(APCI-MS) is another technology which was
developed to monitor aroma compounds in the
breath during eating®. These two techniques use
soft chemical ionization with the H3O" as a reagent
ion to monitor volatile organic compounds. APCI-
MS was used for quantification of acetic acid,
formic acid and furfural, which were biomass
degradation products, within pretreated wheat straw
hydrolyzates and bioethanol formation during
fermentation®. While APCI-MS requires minimal
sample preparation, results were found similar with
high-performance liquid chromatography (HPLC)
analysis.
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All of these instruments have advantages and
disadvantages. For example, instruments based on
gas chromatography have the potential to analyze
and quantify a large variety of molecules
concurrently, with high sensitivity and specificity.
However, some chromatographic techniques are
allowed to sample loss during pre-concentration of
the air.

Chemical ionization technigues can achieve high
time resolution but some molecular species are
difficult to identify and separate [33].

SIFT-MS APPLICATIONS IN FOOD
SCIENCE

In food science, several fruit and vegetable
studies of VOCs focuses on formation of
Lipoxygenase  (LOX) derived compounds.
Monitoring the real time changes is essential to
show quick formation of these compounds during
ripening, storage or after tissue disruption. Studies
showed that the concentration of (Z)-3-hexenal
which is produced during the decomposition of 13-
hydroperoxides of linolenic acid by LOX and
hydroperoxide lyase in the LOX pathway [34]
increased to a peak level in 3 min after tissue
disruption by blending in tomatoes and tomatillos
[35,36]. Also the concentration of (E)-2-hexenal,
which is formed from the isomerization of (2)-3-
hexenal by cis/trans-isomerase in the LOX pathway
[37,38], increased and reached peak level slightly
later than (Z)-3-hexenal in tomatillos, tomatoes
[39], jalapeno peppers [40], and strawberries [41].

The concentration change of volatile compounds
during blanching, refrigerated storage, frozen
storage and thawing was studied in jalapeno
peppers [40], and strawberries [41]. The effect of
ripening stage on volatile formation was studied in
strawberries [41]. In early ripening stage, the
concentration of LOX-derived volatiles was high
and fruity esters were low, oppositely in last stage
of ripening, reverse results were observed.

While this technology offers real time
monitoring, some studies focused on volatile
change in mouthspace during chewing and after
swallowing. While concentrations of tomatoes and
strawberries’ volatile compounds increase in the
mouthspace and nosespace during chewing,
consumption of some foods, such as water, milk,
and sodium caseinate solutions, can reduce volatile
levels in the mouth, including malodorous garlic
breath [42]. The Maillard reaction is also
responsible for the formation of many volatiles.
Real time formation of alkylpyrazines, aldehydes,
acids, alcohols, esters, and ketones were easily
measured during roasting with SIFT-MS [43].
Formation of many volatiles were peaked after 15
min. of cocoa roasting then decreased. Also volatile

formation increased with increasing temperature
and peak time was shortened with decreasing pH
during roasting. Both roasting and drying increase
the formation of furan compounds in cocoa and
carrots [43,44]. Langford et al.[45] compared the
headspace VOCs concentrations of New Zealand
cheeses marketed as parmesan, Italian Parmigiano
Reggiano and Grana Padano cheeses in real time
without any sample pre-concentration.

APPLICATIONS IN OTHER AREAS

SIFT-MS has been applied in many areas,
including environment, medicine, and health. Some
VOCs in exhaled breath are an indicator of non-
invasive disease [5,8,46,47]. SIFT-MS techniques
can be used in biological researches, which help to
determine several metabolites in breath such as
isoprene, ethanol, acetone and ammonia [48,49].
Monitoring these compounds by SIFT-MS, give an
insight about the health condition of patient.
Isoprene is a non-invasive marker of endogenous
cholesterol in human breath and may help diagnosis
of coronary artery disease as a result of increased
cholesterol levels [50]. Also isoprene and ammonia
are countable as markers of end-stage renal failure
[51]. Measuring compounds concentration can be
helpful to identify specific bacteria in the headspace
of blood or urine sample [52], which can be helpful
to identify antibiotics for target microorganism.
Boshier et al. [53] used SIFT-MS to analyze trace
gases within the breath of anaesthetized patients.
This study showed the utility of on-line breath
analysis during surgery for the monitoring of
endogenous metabolites, anaesthetic gases and
potential biomarkers of metabolic and oxidative
stress during operation. Smith et al. [54]
investigated the production of acetaldehyde from
cancer cell lines (specifically the human non-small
cell lung cancer cell lines SK-MES and Calu-1) in
vitro and found that concentration of acetaldehyde
in the headspace was proportional with the number
of cancer cell lines in the environment. Another
study focused on presence of formaldehyde in the
headspace of the urine from the cancer patients.
Spanel et al. [55] resulted that patients with bladder
and prostate cancer had higher formaldehyde
compared with urine from the healthy controls.
Spanel and Smith [56] quantified trace levels of
formaldehyde, acetaldehyde and propanol, potential
cancer biomarkers, in breath by SIFT-MS. Smith et
al. [57] determined ammonia, nitric oxide, acetone,
ethanol and methanol which are the major volatiles
in the urine. Abnormal levels of these compounds
cause suspicions about alkaline urine, acidic urine
or bacterial infection.

SIFT-MS is used for identifying dominant gases
as hydrogen sulfide, methyl sulfide, and dimethyl
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sulfide, in the rumen headspace [58]. Exhaust gas
mixture was analyzed with SIFT-MS and found that
aliphatic and aromatic hydrocarbons, aldehydes,
ketones and alcohols were present with their
fractions in both petrol and diesel engines [59].

CONCLUSION

Distinction of SIFT-MS from the other mass
spectrometry analytical techniques is analyzing of
VOCs in real-time without the requirement for
calibration curves to calculate or determine analyze
concentrations. It quantifies VOCs based on the
ratio of product ion count to reagent ion count [5].

The advantages of SIFT-MS over other
analytical techniques are detection of ppt level
volatile by volume level, in real-time ambient air
monitoring  without any required sample
preparation, and the direct analysis of moist
samples. This technique allows to determine breath
volatiles in real-time during eating and swallowing.
Also determining of trace gases as a marker of
cancer cells is beneficial to track metabolic activity
both in vitro and in vivo [54], in addition to this,
SIFT-MS technique may be used to predict early-
stage tumors in the body as a non-invasive indicator
in the near future [55].

However, the challenges of this technique are
conflicts in  compound identification and
quantification between ionized fragments with the
same molecular weight. SIFT-MS is in the early
stage of development and further applications in the
above-mentioned areas of researches and
applications will be come out. With the continued
progress to the SIFT-MS instrumentation and
methodology, the new features of the technique
become more widely applicable in other areas of
researches.
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BbP3 MOHUTOPHUHI HA JIETJIMBU OPTTAHMYHU KOMITIOHEHTU: SIFT-
MACCIIEKTPOMETPUA

I'. Mo3mxan Cunnp, C. Cyna*, JIx.E. Tamep
Yuusepcumem na Ynyoae, @axynmem no cencko cmonaucmao, bypca, Typyus.
[ocreruna va 17 romm, 2014 1.; npueta Ha 10 nexemspu, 2014 .

(Pestome)

SIFT-mac-ciektpometpusta (SIFT-MS) e aHanuTHYHA Mac-CIIEKTPOCKOIICKA TEXHHKa, KOSATO mMpemiara Obp3a
I/II[CHTI/I(bI/IKaHI/ISI N KOJHMYCCTBCHO OIPCACIAHC B p€AaIHO BpPpEME€ Ha ra3oB€ BBHB Bb3JyXa WU YOBCHIKM IbX, IOPHU U B
CIydanTe Ha HE3HAYMTEIHO KOJIMYECTBO Ha Ta3za. Ta3W TEXHOJIOTHS Ce H3IMOJI3Ba 32 OBP30 M3MEpBaHE Ha JICTIMBU
OpraHWYHU KOMIIOHCHTH M HsKOM HeopranuvHu rasose. SIFT-MS moxe na ce mpuiara B Haykata 3a XpPaHEHETO,
OKOJIHAaTa Cpefa, MEAMIIMHATA, 3paBeoNa3BaHETO M TEeXHUKaTa 3a Oe3omacHocT. B Haykara 3a XpaHeHeTO ca
NIPE/ICTaBEHH PEHLA H3CIICBaHUS Ha JICTIMBH KOMIIOHEHTH B IUIO/IOBE U 3€JICHUYLH, SI/IKH, KAKA0 U KaKaOBH JIMKbOPH.
[TputokeHnsiTa Ha Ta3y TEXHOJIOTHS MTO3BOJISIBA aHAJIN3 Ha BB3JyXa B CIEAHUTE O0JIACTH: ONACHU TOKCHYHHM XMMHUKAIN
B KOHTEHHEpH 3a TPAaHCIIOPTHpaHe, HEMHBAa3MBHA JMAarHOCTHKA Ha 3a00JsIBaHUATA Ype3 JIbXa, aHaJIW3 U CKPUHUHT Ha
YpHHA 32 HUBA Ha TOKCUYHH CHhEIMHEHUS Ha PaOOTHUIMTE. 3a MPEAUMCTBATA Ha Ta3W TEXHUKA CE CUYMTAT OTKPHBAHE HA
ppt HMBA Ha JICTIMBHM OPTaHWYHHW KOMIIOHEHTH, HAOJIOJICHHE B pealHO BpeMe Ha aTrMoc(hepHHs BB3AyX 0e3 HHKaKBa
MOJIrOTOBKA Ha MPOOHTE M Ha NPSK aHAJIM3 Ha BIaKHH NMPpoOu. Bhrpekn ToBa, NpeM3BUKATEIICTBA HA MPUIOKEHUE HA
METOAa Ca TPYAHOCTU B I/I}IGHTI/ICI)I/IKaLH/IﬂTa U KOJWMYECTBCHOTO XapaKTCPU3BHPAHC Ha XWUMUYHU CBCIUHCHUA U
HOHM3MpPaHU (PParMEeHTH ChC ChIAaTa MOJICKYJTHA Maca.

Ienta Ha HacTOSAIIMA 0030p € MPEACTAaBIHETO HA €JHA HOBAa TEXHOJIOTHS 3a W3MEPBAHE HA JICTIMBU OPTaHUYHU
CBEIMHEHNS W 3all03HABaHE C pE3yATaTUTE OT HAKOM H3CIEeIBaHUSA, KOWTO aaBaT MH(opmMaims 3a obiacTtra Ha
npuitoxkenns: Ha SIFT-MS B Haykata 3a XxpaHaTa W B ApPYrH oOJacTH 3a aHAIW3 HA CJIEAM OT Ta3 BbB BB3/yXa,
N3JWIIBAHWA OT YOBEKA BB3AYX U MAPUTE B rOPHATA YaCT HA KOJIOHHU C TCYHOCTH.

107



