
Automated, direct headspace analysis using selected ion flow tube mass spectrometry (SIFT-
MS) provides rapid and economic screening of food products, ingredients, and packaging 
materials. This application note describes how SIFT-MS coupled with multivariate statistical 
analysis rapidly classifies genuine Italian Parmesan cheeses by product and manufacturer via an 
untargeted “fingerprinting” approach (i.e. utilizing SIFT-MS SCAN mode). Automated headspace-
SIFT-MS analysis determines factory of origin at throughputs of 12 samples per hour, offering 
great potential for rapid product screening.
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Introduction

Selected ion flow tube mass spectrometry (SIFT-MS) has 

been shown previously to readily discriminate genuine Italian 

Parmesan cheeses from imitation New Zealand variants.1 

Recently it was demonstrated that the same methodology 

is readily transferred to automated SIFT-MS, with successful 

classification of six Italian Parmesans via the odor-active 

volatiles.2 The present application note utilizes the same 

Parmesan cheese data set, but applies a fingerprinting 

approach based on full-scan SIFT-MS analysis coupled with 

multivariate statistical analysis. Previous work on Argan3 and 

olive4 oils, and strawberry flavor mixes,5 plus an upcoming 

application note on beer6 have demonstrated the efficacy of 

this approach using positively charged reagent ions. Here, in 

addition to positively charged reagent ions we examine the 

utility of negatively charged reagent ions for classification 

of the six Parmesan products (by individual products and 

manufacturer) using untargeted analysis.

Method

1. The SIFT-MS technique

SIFT-MS7-9 (Figure 1) uses soft chemical ionization (CI) to 

generate mass-selected reagent ions that can rapidly quantify 

volatile compounds to parts-per-trillion concentrations (by 

volume, pptV). Eight reagent ions (H3O+, NO+, O2
+, O-, OH-, O2

-, 

NO2
- and NO3

-) obtained from a microwave discharge of moist 

or dry air, are now applied in commercial SIFT-MS instruments. 

These eight reagent ions react with volatile compounds and 

other trace analytes in well-controlled ion-molecule reactions, 

but they do not react with the major components of air 

(N2, O2 and Ar). This allows for real-time analysis of air and 

headspace samples at trace and ultra-trace levels without 

pre-concentration.

Rapid switching between reagent ions provides high 

selectivity, because the multiple reaction mechanisms provide 

additional independent measurements of each analyte. The 

syft.com

©
 2

0
21

 S
yf

t T
ec

hn
ol

og
ie

s 
| A

PN
-0

64
-0

1.0

Reagent Ion Selection Analyte Ionization Analyte Quantitation

MICROWAVE 
PLASMA

QUADRUPOLE 
MASS FILTER SAMPLE INLET

FLOW TUBE

CARRIER GAS INLET

QUADRUPOLE 
MASS FILTER

PARTICLE 
MULTIPLIER

H3O
+

NO+

O2
+

O-

R+     +    A    k       P+      +    N

Reagent 
ion

Analyte Product
ion

Neutral
products

Select one 
R+ or R- 

γ 
= instrument calibration factor

O2
-

OH-

NO2
-

NO3
-

R-     +    A    k       P-      +    N

or [A] = γ [P+]

[R+]k
or [A] = γ [P-]

[R-]k

Figure 1. Schematic diagram of SIFT-MS – a direct chemical-ionization analytical technique.
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multiple reagent ions also help to remove uncertainty from 

isobaric overlaps in mixtures containing multiple analytes.

In this study, full mass scan data were obtained using a 

Voice200ultra SIFT-MS instrument (Syft Technologies, 

Christchurch, New Zealand). Data in positive and negative ion 

modes (m/z 15 – 250) were acquired for each sample, using the 

dual-sampling approach described elsewhere.10 In brief, two 

samples of headspace were taken; the first for the positive-

ion (H3O+, NO+ and O2
+) analysis, and the second for negative 

ions (OH-, O2
-). In this application note, the mass spectral 

“fingerprint” for each reagent ion is utilized independently in 

the statistical analysis to evaluate their relative merits.

2. Automated SIFT-MS analysis

In SIFT-MS, the capability for rapid direct analysis of a sample 

provides unique opportunities for high-throughput headspace 

analysis, irrespective of whether the task is routine VOC 

monitoring or the analysis of chromatographically challenging 

species, such as the very polar small aldehydes and volatile 

fatty acids. In contrast to chromatographic techniques that 

require rapid injection to achieve good peak shapes and 

temporal separation, SIFT-MS simply requires steady sample 

injection for the duration of the analysis – that is, sample 

injection and analysis occur simultaneously (Figure 2). 

Automated headspace analysis was carried out using a SIFT-

MS instrument coupled with a multipurpose autosampler 

(MPS Robotic Pro, GERSTEL, Mülheim an der Ruhr, Germany). 

Samples were first incubated in a GERSTEL agitator prior to 

sampling of the headspace and subsequent injection into the 

SIFT-MS instrument through a GERSTEL septumless sampling 

head. A make-up gas flow was also introduced through 

the sampling head to maintain the standard, nominally 25 

standard cubic centimeter per minute (sccm) sample gas flow 

into the SIFT-MS instrument.

The GERSTEL autosampler was controlled using GERSTEL’s 

Maestro software. In addition to controlling the injection into 

the SIFT-MS instrument, the Maestro software’s PrepAhead 

function allows for optimal scheduling of pre-injection 

preparation steps, such as syringe flush or incubation. This 

ensures that the highest sample throughput is achieved.

3. Samples and analysis conditions

Table 1 summarizes the Italian Parmesan samples obtained 

from various supermarkets (Aldi, Sainsbury’s, Tesco) in 

Cambridge, UK. For each product, ten replicates were prepared 

(3 g each) in 20-mL headspace vials. The headspace was 

purged with 200 mL of zero air prior to incubation at 60 °C for 

20 minutes. The autosampler then sampled the headspace 

using a 2.5-mL headspace syringe and injected it steadily (at 

50 μL s-1) into a flow of nitrogen make-up gas (11-fold dilution 

in the inlet) for immediate, continuous analysis by the SIFT-MS 

instrument. The analysis times were less than 40 s and 30 s for 

positive and negative SCAN acquisition, respectively.

Samples were randomized and six blanks were analyzed at 

regular intervals through the sequence schedule. The average 

of the six blanks was subtracted from sample measurements.

4. Multivariate statistical analysis

Multivariate statistical analysis was carried out using the 

Pirouette software package (version 4.5; Infometrix® Inc., 

Bothell, WA). Prior to statistical analysis, SIFT-MS SCAN 

data were normalized (giving a sum of unity for all masses 

in the range), had the blank subtracted, and had masses 

corresponding to the reagent ion signals and their 18O 

isotopic peaks removed, together with those that had 

normalized signals less than 0.000005.

Multivariate statistical data analysis was conducted using 

both classification (Soft Independent Modelling by Class 

Analogy, SIMCA11,12) and discrimination (PLS-DA,13 variously 

called Partial Least Squares-Discriminant Analysis and 

Projection to Latent Structures-DA) modeling. The review by 

Viaene and Heyden13 provides a good introduction to these 

methods.

In summarizing results obtained here from PLS-DA, 

misclassification tables are utilized. These show a simple grid 

Figure 2. Graphical representation of the different sample-injection and 

analysis requirements of chromatographic techniques and SIFT-MS.

SUPPLIER AND PRODUCT NAME MANUFACTURER 
CODE

SAMPLE 
FORMAT

PRICE (GBP) 
PER KG

LABEL

Sainsbury’s 08 158 Pre-grated 22.50 P1

Tesco 08 039 Wedge 15.50 P2

Aldi “Specially Selected” 08 621 Wedge 16.00 P3

Sainsbury’s “Taste the Difference” 08 158 Wedge 20.00 P4

Sainsbury’s 08 158 Wedge 16.50 P5

Sainsbury’s “SO Organic” 08 158 Wedge 20.00 P6

Table 1. Italian Parmesan cheese 

samples analyzed – and labels 

used – in this application note.
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of actual class membership (an input) versus that predicted 

by the model (including a “no match” result). 

For SIMCA, the most widely used multivariate statistical 

method utilized in SIFT-MS food applications to date,14 three 

types of output are presented here:

1. Class projections: These three-dimensional plots show 

how each sample falls with respect to the three most 

important principal components derived from PCA on 

the entire data set. Each user-defined class shows the 

sample with the same color and a ‘cloud’ representing 

the calculated space in which all samples of the class 

are expected to lie. Better class separations lead to 

more confident assignment of unknown samples to a 

predefined class, if a suitable one exists.

2. Interclass distances: These are a measure of the 

separation between classes. A value of three (3) is 

usually considered acceptable for class separation.12 

Sometimes the class separability indicated by these 

distances is not apparent in the three-dimensional 

class projection plot.

3. Discriminating power: This parameter helps variables to be 

identified that provide the most discrimination between 

the classes. A variable with larger discriminating power has 

greater influence on separating the classes than one with 

a small discriminating power. There does not appear to be 

a set threshold value above which a discriminating power 

is considered “good”, because these values vary strongly 

with interclass distance.

Results and Discussion

In this section, an evaluation is made of the ability of 

untargeted SIFT-MS analysis to (i) differentiate the individual 

Parmesan products, and (ii) identify the manufacturer. 

Comment is also made on the relative merits of positively 

and negatively charged reagent ions for untargeted 

classification.

1. Evaluation of ability to discriminate different products

Figure 3 summarizes the results obtained when SIFT-MS 

NO+ and OH- full scan data, coupled with SIMCA statistical 

analysis, were used to classify the six products (Table 1). 

As measured by interclass distances, the NO+ reagent ion 

(Figure 3(a)) readily distinguishes all products – as did the 

other positive reagent ions (H3O+ and O2
+). Of the negatively 

charged reagent ions utilized here, OH- proved far more 

successful than O2
- (due to the reduced sensitivities for 

reactions of O2
- compared to OH-), although the interclass 

distances in Figure 3(b) confirm that product P2 is not 

completely separable from P1 and P5.

Table 2 shows the results obtained when PLS-DA was 

applied to the NO+ and OH- SCAN data. (H3O+ and O2
+ 

performed identically with NO+, while O2
- suffered five 

misclassifications (across five classes) compared to OH- 

(three misclassifications across two classes).

Figure 3. Evaluation of the ability of automated SIFT-MS analysis 

coupled with SIMCA multivariate statistical analysis to classify genuine 

Parmesan cheeses according to individual products using (a) NO+ and 

(b) OH- reagent ion SCAN data. Class projections, interclass distances, 

and discriminating powers of the 10 most important variables (mass-to-

charge ratio) are shown.

Class projections: 

Discriminating power (DP):

MASS-TO-
CHARGE RATIO

DP

45 2663

43 1506

88 1179

59 537

85 405

90 396

77 388

71 371

81 360

63 311

Interclass distances:

PRODUCT P2 P3 P4 P5 P6

P1 8.6 20.2 23.2 13.4 16.0

P2 17.8 14.7 5.0 11.3

P3 28.1 24.7 24.2

P4 18.7 40.8

P5 13.1

3(a)

2. Evaluation of ability to discriminate between 

manufacturers

The results obtained for combined SIFT-MS and SIMCA 

analysis of the Parmesans grouped according to manufacturer 

are summarized in Figure 4 (for the same reagent ions shown 

in Figure 3). NO+ (Figure 4(a)) is the only reagent ion of the five 

utilized in this study that achieves complete separation by 

manufacturer. The H3O+ and O2
+ reagent ions perform similarly 

to the odor-active volatiles investigated previously,2 just 

failing to distinguish P2 from P1 + P4 + P5 + P6. Negatively 

charged reagent ion performance was poorer than H3O+ and 

O2
+, with OH- (Figure 4(b)) performing slightly worse, whereas 

O2
- provided no separation whatsoever.

Application of PLS-DA to the dataset yielded perfect 

discrimination for all positive ions (e.g. NO+ in Table 3(a)). 

Surprisingly – based on the SIMCA result – both OH- (Table 

3(b)) and O2
- perform creditably with two misclassifications.
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Figure 4. Evaluation of the ability of automated SIFT-MS analysis 

coupled with SIMCA multivariate statistical analysis to classify genuine 

Parmesan cheeses according to product manufacturer using (a) NO+ and 

(b) OH- reagent ion SCAN data. Class projections, interclass distances, 

and discriminating powers of the 10 most important variables (mass-to-

charge ratio) are shown.

Class projections: 

Discriminating power (DP):

MASS-TO-
CHARGE RATIO

DP

45 1017

190 837.3

43 586.3

94 232.8

204 219.3

220 169.4

63 165.6

177 147.9

57 141.9

106 125.9

Interclass distances:

PRODUCT P2 P3 P4 P5 P6

P1 1.9 14.2 10.4 3.7 6.2

P2 19.3 8.0 2.8 8.9

P3 27.1 22.6 20.1

P4 6.9 23.3

P5 9.3

3(b)

MISSCLASSIFICATIONS PREDICTED

PRODUCT P1 P2 P3 P4 P5 P6
NO 

MATCH

AC
TU

A
L

P1 9 0 0 0 0 0 1

P2 0 10 0 0 0 0 0

P3 0 0 10 0 0 0 0

P4 0 0 0 10 0 0 0

P5 0 0 0 0 8 0 2

P6 0 0 0 0 0 10 0

Table 2. PLS-DA misclassification of individual products using (a) NO+ 

and (b) OH- full scan data.

(b) OH-

MISSCLASSIFICATIONS PREDICTED

PRODUCT P1 P2 P3 P4 P5 P6
NO 

MATCH

AC
TU

A
L

P1 10 0 0 0 0 0 0

P2 0 10 0 0 0 0 0

P3 0 0 10 0 0 0 0

P4 0 0 0 10 0 0 0

P5 0 0 0 0 10 0 0

P6 0 0 0 0 0 10 0

(a) NO+

Discriminating power (DP):

MASS-TO-
CHARGE RATIO

DP

88 1371

59 699.2

69 503.8

43 338.3

45 215.0

74 201.7

133 159.4

44 114.5

116 111.8

89 100.1

Interclass distances:

MANUFACTURER P2 P3

P1,  P4, P5, P6 4.8 15.4

P2 17.8

4(a)

Discriminating power (DP):

MASS-TO-
CHARGE RATIO

DP

190 1678

94 484.5

204 467.5

220 347.3

43 311.8

106 296.3

177 286.5

181 178.4

164 166.2

146 154.2

Interclass distances:

MANUFACTURER P2 P3

P1,  P4, P5, P6 1.7 8.1

P2 19.3

4(b)
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3. Performance of positively and 

negatively charged reagent ions

This application note describes the first application of 

negatively charged reagent ions to a food product. Although 

the context of this work is untargeted (full scan) analysis 

followed by multivariate statistical analysis, rather than 

targeted (SIM) analysis, it is evident that negatively charged 

reagent ions are of only marginal benefit to analysis of 

Parmesan. Generally, this appears due to negatively charged 

reagent ions reacting with a smaller range of VOCs. For O2
-, 

analytical sensitivity (due to slower reaction rate coefficients) 

further compromises its performance. 

In summary, the results presented here demonstrate the 

utility of the NO+ reagent ion as a very effective “one stop 

shop” for Parmesan product analysis – confirming what 

experienced SIFT-MS users in food research have understood 

for many years.

Conclusions

This study demonstrates that automated SIFT-MS analysis, 

using an untargeted approach coupled with multivariate 

statistical analysis, can rapidly analyze and classify genuine 

Parmesan cheese products both individually and by 

manufacturer. Positively charged reagent ions perform better 

than negatively charged reagent ions for Parmesan, with 

NO+ being preferred overall because it alone classifies each 

manufacturer completely.

The combined instrumental and statistical approach utilized 

here facilitates enhanced origin and quality control screening 

of Parmesan cheese with throughputs of 12 samples/hr 

achievable using currently available automation technology.

MISSCLASSIFICATIONS PREDICTED

PRODUCT P1, P4, P5, P6 P2 P3
NO 

MATCH

AC
TU

A
L P1, P4, P5, P6 40 0 0 0

P2 0 10 0 0

P3 0 0 10 0

MISSCLASSIFICATIONS PREDICTED

PRODUCT P1, P4, P5, P6 P2 P3
NO 

MATCH

AC
TU

A
L P1, P4, P5, P6 38 0 0 2

P2 0 10 0 0

P3 0 0 10 0

Table 3. PLS-DA misclassification of manufacturers using (a) NO+ and (b) 

OH- full scan data.

(a) NO+

(b) OH-


