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Ambient Ionization Mass Spectrometry

Modern MS is useful for characterizing complex matrices.

MS provides specific molecular information through the

interpretation of the obtained fingerprints.

In a search of simplification of sample pretreatment, several

ambient ionization MS techniques have been developed in the

last years (EASI, DESI, DART, etc.).
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An ambient ionization technique, developed in 2010.

This is a simple and low cost technique that has been applied to

complex matrices demanding a very small amount of solvents.

R.G. Cooks

Paper Spray Mass Spectrometry (PS-MS)
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The porous substrate used can retain some

interference compounds from complex matrices,

minimizing matrix and ionic suppression effects, and

thus improving the ionization efficiency.

Paper Spray Mass Spectrometry (PS-MS)

S. Maher et  al., Scientific Reports 6:35643 (2016).
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OBJECTIVE

The combination of chemometrics and PS-MS to

develop screening methods for forensic analysis

and food authenticity testing.

1) Supervised Classification

2) Multivariate Calibration

3) Data Fusion

Collaborators

Prof. Rodinei

Augusti (UFMG) Prof. E. Piccin

PhD Students

Hebert Pereira
Victória 

Amador
Janaína 

Teodoro

 Forensic applications



7

COUNTERFEIT BEER

PS-MS, PLS-DA and Variable 

Selection Applied to the Detection 

of Counterfeit Beer
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Beer counterfeiters switch labels and bottle caps of less

expensive brands by those of the more expensive market

leader brands.

Brazilian beer market is dominated by 4 big groups producing

American standard lager.

Only one group (68% of the market) produces the 3 most consumed

brands (Brahma, Skol, Antárctica), which are target of counterfeit by

cheaper brands (Cintra, Crystal, Glacial, Lokal, A Outra).

COUNTERFEIT BEER
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141 samples of 8 brands and different batches.

Thermo LCQ FLEET – Ion trap

Positive Mode

* Brands with higher commercial price

COUNTERFEIT BEER
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Mass Spectra

COUNTERFEIT BEER
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PLS-DA improved by OPS (Ordered Predictors Selection)

variable selection: from 1701 (full spectra) to 60 variables

Nº LV = 4 X Variance = 75.8% y Variance = 85.8%
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15 diagnostic ions were detected from the most 

significant VIP scores (>1)
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• MS fingerprints allowed the discrimination between brand

beers target of counterfeit and brands used as counterfeit.

• The method is very rapid, requiring a minimum of sample

preparation and consuming a very small volume of solvent

(some µL).

COUNTERFEIT BEER
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PS-MS and PLS-DA Applied to 

the Detection of Seized 

Samples of Counterfeit Whisky

COUNTERFEIT WHISKY

Seized samples obtained from 

Brazilian Federal Police
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• 44 seized samples of 3 whisky brands

• 44 authentic samples of 3 whisky brands

AUTHENTIC COUNTERFEIT

Negative Mode

COUNTERFEIT WHISKY
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PLS-DA Model Predictions
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Spectral Interpretation : (A) Regression Vector (B) VIP scores
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COUNTERFEIT WHISKY
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COUNTERFEIT PERFUME

Discriminant (PLS-DA) versus One-

Class Modeling (SIMCA) Applied to 

the Detection of Seized Samples of 

Counterfeit Perfumes

Seized samples obtained from 

Civil Police of the State of São 

Paulo (Brazil)
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60 Samples (31 counterfeit + 29 authentic) of 10 brands 

from “O Boticário”

COUNTERFEIT PERFUME
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PCA MODEL
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Comparison between PLS-DA and one-class SIMCA
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Spectral Interpretation : (A) Regression Vector (B) VIP scores

Diagnostic ions for authentic and

counterfeit perfumes were proposed

based on this spectral interpretation.

Some of the diagnostic ions for

counterfeit perfumes were suggested

to be compounds of allergenic

potential.
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COUNTERFEIT PERFUME
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A Multivariate Calibration Model 

for Quantifying Ginseng 

Adulteration using PS-MS

GINSENG AUTHENTICATION

Ginseng is the root of plants in the genus Panax, typically

characterized by the presence of ginsenosides, that has

been used in traditional medicine for its health effects.

Multivariate Calibration Models with PS-MS are very rare.
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GINSENG AUTHENTICATION

Amostra 9 + (COR) - rep 1 #1-21 RT: 0.00-0.37 AV: 21 NL: 6.47E4
T: ITMS + c ESI Full ms [100.00-1500.00]
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GINSENG AUTHENTICATION

Dried Ginseng roots are used 

as medicinal herbal 

supplements, having relative 

high market value.

Commonly, Ginseng frauds 

occur by substitution (total or 

partial) of American Ginseng 

by Korean Ginseng.
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Several methods has been 

proposed to detected this kind of 

fraud, most of them based on 

expensive or laborious analytical 

techniques.

GINSENG AUTHENTICATION
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GINSENG AUTHENTICATION

American Ginsengs were adulterated with Korean 

Ginsengs in the range of 0-100 %
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GINSENG AUTHENTICATION

PLS MODEL
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were important in this model (VIPscores).
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COFFEE AUTHENTICATION

Data Fusion of Spectra from 

Different Techniques in the 

Development of PLS Models to 

Quantify and Characterize 

Coffee Blends

Camila Assis

PhD Student

Prof. Leandro 

Oliveira

UFMG
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ARABICA versus ROBUSTA

100% of Arabica coffees are 

target of fraud by 

adulteration with Robusta

Coffee is a high complex 

chemical matrix
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- Genetic Algorithm (GA)

- Ordered Predictors Selection (OPS)

COFFEE AUTHENTICATION

Data Fusion models at low and mid levels
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Raw beans were obtained from different

producers of Arabica (30) and Robusta (10)

Samples were toasted at three levels:

light/185oC, medium/195oC, and dark/205oC

(N=40 for each level)

Toasted samples were ground and sieved (40

mesh)

Blends (10 g) were prepared in the range of

0-33% (steps 1%) of Robusta

MATERIALS & METHODS
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MATERIALS & METHODS

PS-MS

Thermo LCQ FLEET – Ion trap

Range: m/z 100-500

ATR-FTIR

IRAffinity-1S Shimadzu

with an ATR accessory (ZnSe)

Range: 4000 a 800 cm-1

Samples: powder mixtures Samples: hot water extracts

Positive Ion Mode
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SPECTRA

ATR-FTIR PS-MS

Preprocessing: MSC and mean centering (FTIR); mean centering

(MS); autoscaling (Data Fusion)
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PLS RESULTS

The best Data Fusion model (OPS/low level) was slightly better

than a model built only with FTIR spectra, but much better than a

model built only with PS-MS spectra



38

PLS RESULTS
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SELECTED VARIABLES

Many of the selected MS variables were assigned based on the

literature and to specific coffee components, such as trigonelline,

caffeine, chlorogenic acids, sugars, quinic acid, etc.

IR: 111 variables

MS: 119 variables
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COFFEE AUTHENTICATION
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More Data Fusion

ATR-FTIR and PS-MS were merged with NIRS and 

TXRF, and optimized by variable selection

NIRS
TXRF

Range: 900 a 2000 nm 14 detected elements : P, S, Cl, 

K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Br, 

Rb, Sr
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More Data Fusion
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TXRF Selected Elements

4 out of 14 elements/varibles selected by OPS:

K, Mn, Fe, Br
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CONCLUSIONS & PERSPECTIVES

✓ Multivariate methods based on PS-MS are simple, rapid

and require a minimum sample pretreatment.

✓ Spectral interpretation of the models through selected

variables and informative vectors provide specific and

relevant information to characterize food/forensic

matrices (more objective than vibrational techniques).

✓ Data Fusion models allow to find out correlations

between molecular and atomic composition, which can

be related to food/sample origin, variety, processing, etc.

✓ All the models showed good precision, at least at the

repeatability level, and in some cases also at the

intermediate precision level.
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