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Direct analysis in real time mass 
spectrometry and multivariate data 
analysis: A novel approach to rapid 
identification of analytical markers for 
quality control of traditional Chinese 
medicine preparation 

S. Zeng, L. Wang, T. Chen, Y. Wang, H. Mo, and H. 

Qu , Analytica Chimica Acta, no. 0, 2012. 

The paper presents a novel strategy to identify 

analytical markers of traditional Chinese medicine 

preparation (TCMP) rapidly via direct analysis in 

real time mass spectrometry (DART-MS). A 

commonly used TCMP, Danshen injection, was 

employed as a model. The optimal analysis 

conditions were achieved by measuring the 

contribution of various experimental parameters to 

the mass spectra. Salvianolic acids and 

saccharides were simultaneously determined within 

a single 1-min DART-MS run. Furthermore, spectra 

of Danshen injections supplied by five 

manufacturers were processed with principal 

component analysis (PCA). Obvious clustering was 

observed in the PCA score plot, and candidate 

markers were recognized from the contribution plots 

of PCA. The suitability of potential markers was 

then confirmed by contrasting with the results of 

traditional analysis methods. Using this strategy, 

fructose, glucose, sucrose, protocatechuic aldehyde 

and salvianolic acid A were rapidly identified as the 

markers of Danshen injections. The combination of 

DART-MS with PCA provides a reliable approach to 

the identification of analytical markers for quality 

control of TCMP. 

 

Direct analysis in real time mass 
spectrometry for the rapid identification of 
four highly hazardous pesticides in 
agrochemicals  

L. Wang, P. Zhao, F. Zhang, Y. Li, and C. Pan , 

Rapid Commun. Mass Spectrom., vol. 26, no. 16, 

pp. 1859–1867, 2012. 

RATIONALE   Direct analysis in real time (DART) is 

a new ion source technique, which is conducted in 

the open air under ambient conditions, applied to 

the rapid and direct analysis of any material (gases, 

liquids, and solids) with minimal or no sample 

preparation. In order to take advantage of the 

capacity of DART mass spectrometry for the real-

time analysis of hazardous ingredients in 

commercial agrochemicals, a pilot study of rapid 

qualitative determination of hazardous pesticides 

was performed.  

METHODS   Highly hazardous pesticides were 

identified by DART ionization coupled to a single-

quadrupole mass spectrometer (DART-MS). 

Acetonitrile was chosen for dissolving samples prior 

to the analysis. Samples were analyzed by this 

technique in as little as 5 s.  

RESULTS   Phorate, carbofuran, ethoprophos and 

fipronil were be detected directly from commercial 

agrochemicals. The ionization-related parameters 

(DART temperature, grid voltage and MS fragment) 

of these compounds were optimized to obtain highly 

response. Isotope patterns were taken into 

consideration for qualitative identification. Relative 

standard deviations (RSDs, n = 5) of 2.3–15.0% 

were obtained by measuring the relative abundance 

of selected isotopes.  

CONCLUSIONS   This study showed that DART-

MS technology was able to qualitatively determine 

the existence of highly hazardous pesticides in 

commercial pesticide formulations. It is suggested 

that this technology should be applied for routine 

monitoring in the market. 
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Rapid detection of alkaloids in Ipecac by 
direct analysis in real time tandem mass 
spectrometry (DART-MS/MS) 

L. Sun, X. Hu, L. Liu, H. Jin, and R. Lin , Zhongguo 

Zhong Yao Za Zhi, vol. 37, pp. 1426–30, 2012. 

OBJECTIVE: To detect alkaloids in Ipecac by direct 

analysis in real time tandem mass spectrometry 

(DART-MS) without pre-treatment and 

chromatographic separation. METHOD: Under the 

optimum conditions, DART-MS characteristic 

spectra were collected for tablet of Ipecac powder, 

Ipecac stems and leaves by full scanning, and 

secondary spectra were adopted for identifying 

alkaloids. The multiple reaction monitoring mode 

was adopted to determine the mass spectrum peak 

intensity of determinands on the surface of 

determined samples, in order to calculate their 

average content in samples. RESULT: Spectra of 

tablet of Ipecac powder and Ipecac stems showed 

remarkable ionized ion peaks of emetine and 

cephaeline at m/z 481 and 467, while spectra of 

leaves showed ionized ion peaks of other alkaloids 

at m/z 479 and 465. Furthermore, the quantitative 

analysis was also demonstrated with good 

reproducibility and linear relationship. 

CONCLUSION:  The mode can play a role in rapid 

determination of medicinal materials and prepared 

herbal medicines and real-time rapid quantitative 

analysis on intermediates and preparations. 

Direct Analysis in Real Time by Mass 
Spectrometric Technique for Determining 
the Variation in Metabolite Profiles of 
Cinnamomum tamala Nees and Eberm 
Genotypes 

V. Singh, A. K. Gupta, S. P. Singh, and A. Kumar , 

The Scientific World Journal, vol. 2012, p. 6, 2012. 

Cinnamomum tamala Nees & Eberm. is an 

important traditional  medicinal plant, mentioned in 

various ancient  literatures such as Ayurveda. 

Several of its medicinal properties have recently 

been proved. To characterize diversity in terms of 

metabolite profiles of Cinnamomum tamala Nees 

and Eberm genotypes, a newly emerging mass 

spectral ionization technique direct time in real time 

(DART) is very helpful. The DART ion source has 

been used to analyze an extremely wide range of 

phytochemicals present in leaves of Cinnamomum 

tamala. Ten genotypes were assessed for the 

presence of different phytochemicals. 

Phytochemical analysis showed the presence of 

mainly terpenes and phenols. These constituents 

vary in the different genotypes of Cinnamomum 

tamala. Principal component analysis has also been 

employed to analyze the DART data of these 

Cinnamomum genotypes. The result shows that the 

genotype of Cinnamomum tamala could be 

differentiated using DART MS data. The active 

components present in Cinnamomum tamala may 

be contributing significantly to high amount of 

antioxidant property of leaves and, in turn, 

conditional effects for diabetic patients. 
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Rapid qualitative analysis of phthalates 
added to food and nutraceutical products 
by direct analysis in real time/orbitrap mass 
spectrometry 

R. L. Self and W.-H. Wu , Food Control, vol. 25, no. 

1, pp. 13–16, 2012. 

A recent food safety issue involves the 

contamination of a broad range of food and 

nutraceutical products from Taiwan with industrial 

plasticizers. Among the suspected contaminants 

are selected phthalic acid esters, such as benzyl 

butyl phthalate, dibutyl phthalate, diisobutyl 

phthalate, di-2-ethylhexyl phthalate, di-n-octyl 

phthalate, diisononyl phthalate, and diisodecyl 

phthalate. Described in this study is an analytical 

method to rapidly qualitatively analyze these 

compounds in a wide variety of food and 

nutraceutical matrices suspected in this crisis. The 

method utilizes direct analysis in real time (DART) 

ionization coupled to a Thermo Exactive orbitrap 

mass spectrometer. The method is shown to be 

capable of detecting these compounds at levels 

greater than 1.0 μg/mL in all food products 

examined and 0.5 μg/mL in most of the samples 

tested. In the nutraceutical samples tested, the 

compounds were detected at levels of 50 μg/g for 

all samples with some detected as low as 1.0 μg/g. 

Metabolomic fingerprinting employing 
DART-TOF MS for authentication of 
tomatoes and peppers from organic and 
conventional farming 

H. Novotná, O. Kmiecik, M. Gałązka, V. Krtková, A. 

Hurajová, V. Schulzová, E. Hallmann, E. 

Rembiałkowska, and J. Hajšlová,  Food Additives & 

Contaminants: Part A, vol. 29, no. 9, pp. 1335–

1346, 2012. 

The rapidly growing demand for organic food 

requires the availability of analytical tools enabling 

their authentication. Recently, metabolomic 

fingerprinting/profiling has been demonstrated as a 

challenging option for a comprehensive 

characterisation of small molecules occurring in 

plants, since their pattern may reflect the impact of 

various external factors. In a two-year pilot study, 

concerned with the classification of organic versus 

conventional crops, ambient mass spectrometry 

consisting of a direct analysis in real time (DART) 

ion source and a time-of-flight mass spectrometer 

(TOFMS) was employed. This novel methodology 

was tested on 40 tomato and 24 pepper samples 

grown under specified conditions. To calculate 

statistical models, the obtained data (mass spectra) 

were processed by the principal component 

analysis (PCA) followed by linear discriminant 

analysis (LDA). The results from the positive 

ionisation mode enabled better differentiation 

between organic and conventional samples than 

the results from the negative mode. In this case, the 

recognition ability obtained by LDA was 97.5% for 

tomato and 100% for pepper samples and the 

prediction abilities were above 80% for both sample 

sets. The results suggest that the year of production 

had stronger influence on the metabolomic 

fingerprints compared with the type of farming 

(organic versus conventional). In any case, DART-

TOFMS is a promising tool for rapid screening of 

samples. Establishing comprehensive (multi-

sample) long-term databases may further help to 

improve the quality of statistical classification 

models. 
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Rapid identification of synthetic 
cannabinoids in herbal samples via direct 
analysis in real time mass spectrometry 

R. A. Musah, M. A. Domin, M. A. Walling, and J. R. 

E. Shepard , Rapid Commun. Mass Spectrom., vol. 

26, no. 9, pp. 1109–1114, 2012. 

RATIONALE    Dozens of synthetic cannabinoid 

analogs purposefully meant to circumvent legal 

restrictions associated with controlled substances 

continue to be manufactured and promoted as 

producing 'legal highs'. These designer drugs are 

difficult to identify in conventional drug screens not 

only because routine protocols have not been 

developed for their detection, but also because their 

association with complex plant matrices during 

manufacture generally requires labor-intensive 

extraction and sample preparation for analysis. To 

address this new and important challenge in 

forensic chemistry, Direct Analysis in Real Time 

Mass Spectrometry (DART-MS) is applied to the 

analysis of these designer drugs.   METHODS    

DART-MS was employed to sample synthetic 

cannabinoids directly on botanical matrices. The 

ambient ionization method associated with DART-

MS permitted the analysis of solid herbal samples 

directly, without the need for extraction or sample 

preparation. The high mass resolution time-of-flight 

analyzer allowed identification of these substances 

despite their presence within a complex matrix and 

enabled differentiation of closely related analogs.   

RESULTS     DART-MS was performed to rapidly 

identify the synthetic cannabinoids AM-251 and 

JWH-015. For each cannabinoid, three hundred 

micrograms (300 µg) of material was easily 

detected within an excess of background matrix by 

mass.   CONCLUSIONS     New variations of herbal 

blends containing a wide range of base 

components and laced with synthetic cannabinoids 

are being produced, making their presence difficult 

to track by conventional methods. DART-MS 

permits rapid identification of trace synthetic 

cannabinoids within complex biological matrices, 

with excellent sensitivity and specificity compared 

with standard methods. 

Novel approaches to analysis of 3-
chloropropane-1,2-diol esters in vegetable 
oils 

 E. Moravcova, L. Vaclavik, O. Lacina, V. Hrbek, K. 

Riddellova, and J. Hajslova , Analytical and 

Bioanalytical Chemistry, vol. 402, no. 9, pp. 2871–

2883, 2012. 

A sensitive and accurate method utilizing ultra-high 

performance liquid chromatography (U-HPLC) 

coupled to high resolution mass spectrometry 

based on orbitrap technology (orbitrapMS) for the 

analysis of nine 3-chloropropane-1,2-diol (3-MCPD) 

diesters in vegetable oils was developed. To 

remove the interfering triacylglycerols that induce 

strong matrix effects, a clean-up step on silica gel 

column was used. The quantitative analysis was 

performed with the use of deuterium-labeled 

internal standards. The lowest calibration levels 

estimated for the respective analytes ranged from 2 

to 5 μg kg −1 . Good recovery values (89–120%) 

and repeatability (RSD 5–9%) was obtained at 

spiking levels of 2 and 10 mg kg −1 . As an 

alternative, a novel ambient desorption ionization 

technique, direct analysis in real time (DART), 

hyphenated with orbitrapMS, was employed for no 

separation, high-throughput, semi-quantitative 

screening of 3-MCPD diesters in samples obtained 

by chromatographic fractionation. Additionally, the 

levels of 3-MCPD diesters measured in real-life 

vegetable oil samples (palm oil, sunflower oil, 

rapeseed oil) using both methods are reported. 

Relatively good agreement of the data generated by 

U-HPLC-orbitrapMS and DART-orbitrapMS were 

observed. With regard to a low ionization yield 

achieved for 3-MCPD monoesters, the methods 

presented in this paper were not yet applicable for 

the analysis of these contaminants at the naturally 

occurring levels. 
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Analysis of isoflavones in soybeans 
employing direct analysis in real-time 
ionization–high-resolution mass 
spectrometry 

J. Lojza, T. Cajka, V. Schulzova, K. Riddellova, and 

J. Hajslova , J. Sep. Science, vol. 35, no. 3, pp. 

476–481, 2012. 

A direct analysis in real-time (DART) ion source 

coupled to a high-resolution orbitrap mass 

spectrometer was used for the quantitative analysis 

of isoflavones isolated from soybeans. For the 

isolation of genistein, daidzein, glycitein, and their 

respective acetyl, malonyl, and glucoside forms, an 

extraction employing 80% aqueous MeOH 

enhanced by sonication was used. As far as the 

total isoflavones (expressed as aglycones) were to 

be determined, an acid hydrolysis with 80% 

aqueous EtOH and refluxing had to be employed, 

while in the latter case a good agreement of the 

results with the data generated by the UHPLC-

orbitrap MS method was achieved, in the case of 

the analysis of non-hydrolyzed extracts, some 

overestimation of the results as compared with 

those generated by UHPLC-orbitrap MS was 

observed. A careful investigation of this 

phenomenon showed that the free aglycones 

originated from the conjugated forms of isoflavones 

in the DART ion source, thus contributing 

significantly to the “free” genistein/daidzein/glycitein 

signals during the DART analysis. Good recoveries 

(95–102%) and repeatabilities (RSD: 7–15%) were 

obtained at the spiking levels of 0.5, 1, and 

0.05 g/kg, for daidzein, genistein, and glycitein, 

respectively. The limits of detection estimated for 

the respective analytes were 5 mg/kg. 

Confined direct analysis in real time ion 
source and its applications in analysis of 
volatile organic compounds of Citrus limon 
(lemon) and Allium cepa (onion) 

 Y. Li , Rapid Communications in Mass 

Spectrometry, vol. 26, no. 10, pp. 1194–1202, 

2012. 

The DART (direct analysis in real time) ion source 

is a novel atmospheric pressure ionization 

technique that enables efficient ionization of gases, 

liquids and solids with high throughput. A major limit 

to its wider application in the analysis of gases is its 

poor detection sensitivity caused by open-air 

sampling. In this study, a confined interface 

between the DART ion source outlet and mass 

spectrometer sampling orifice was developed, 

where the plasma generated by the atmospheric 

pressure glow discharge collides and ionizes gas-

phase molecules in a Tee-shaped flow tube instead 

of in open air. It leads to significant increase of 

collision reaction probability between high energy 

metastable molecules and analytes. The 

experimental results show that the ionization 

efficiency was increased at least by two orders of 

magnitude. This technique was then applied in the 

real time analysis of volatile organic compounds 

(VOCs) of Citrus Limon (lemon) and wounded 

Allium Cepa (onion). The confined DART ion source 

was proved to be a powerful tool for the studies of 

plant metabolomics. 
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Chemometric Classification of 
Morphologically Similar Umbelliferae 
Medicinal Herbs by DART-TOF-MS 
Fingerprint 

S. M. Lee, H.-J. Kim, and Y. P. Jang , Phytochem. 

Anal.,  2012. 

It needs many years of special training to gain 

expertise on the organoleptic classification of 

botanical raw materials and, even for those experts, 

discrimination among Umbelliferae medicinal herbs 

remains an intricate challenge due to their 

morphological similarity.     Methodology - Angelica 

tenuissima, Angelica gigas, Angelica dahurica and 

Cnidium officinale were chosen for this study and 

ten samples of each species were purchased from 

various Korean markets. DART-TOF-MS was 

employed on powdered raw materials to obtain a 

chemical fingerprint of each sample and the 

orthogonal partial-least squares method in 

discriminant analysis (OPLS-DA) was used for 

multivariate analysis.   Results - All samples of 

collected species were successfully discriminated 

from each other according to their characteristic 

DART-TOF-MS fingerprint. Decursin (or decursinol 

angelate) and byakangelicol were identified as 

marker molecules for Angelica gigas and A. 

dahurica, respectively. Using the OPLS method for 

discriminant analysis, Angelica tenuissima and 

Cnidium officinale were clearly separated into two 

groups. Angelica tenuissima was characterised by 

the presence of ligustilide and unidentified 

molecular ions of m/z 239 and 283, while 

senkyunolide A together with signals with m/z 387 

and 389 were the marker compounds for Cnidium 

officinale.   Conclusion - Elaborating with 

chemoinformatics, DART-TOF-MS fingerprinting 

with chemoinformatic tools results in a powerful 

method for the classification of morphologically 

similar Umbelliferae medicinal herbs and quality 

control of medicinal herbal products, including the 

extracts of these crude drugs. 

Direct Analysis in Real Time (DART) Mass 
Spectrometry of Adulterants in Herbal 
Slimming Products using a Tandem 
Quadrupole MS and Data Directed Analysis 

 M. Jones, M. Twohig, K. Yu, M. Balogh, J. Tice, 

and B. Musselman , Planta Med, vol. 78, no. 05, p. 

P_127, 2012. 

Several troubling studies show the adulteration of 

herbal slimming products with sibutramine is a 

common occurrence. Recent reports suggesting an 

increased risk of serious cardiovascular events 

(such as heart attack or stroke) in patients with 

known cardiovascular disease taking sibutramine 

have prompted the European Medicines Agency 

(EMA) to recommend that the use of sibutramine be 

suspended. The aim of this study is to develop 

specific methods for the rapid screening of herbal 

medicines for illicit adulteration with pharmaceutical 

drugs. 

Herbal slimming aids were purchased over the 

internet from store websites and auction sites. 

Samples were analysed using a direct analysis in 

real time (DART) interface and a tandem 

quadrupole mass spectrometer. Samples 

purchased over the internet were found to contain 

undeclared pharmaceutical substances with the 

main component being sibutramine, an appetite 

suppressant used in the treatment of obesity. In 

addition to sibutramine, phenolphthalein and 

sildenafil were also identified none of which were 

declared on the box or enclosed information. 

During our study we were able to identify nine 

samples that had been contaminated by 

sibutramine. DART with data directed analysis of 

the sample using a data directed high low collision 

energy experiment provides simultaneous intact 

molecular ion and fragmentation information, while 

allowing samples to be analysed very rapidly and 

without the need for complex sample preparation or 

chromatography. The testing of unlicensed herbal 

medicines and herbal dietary supplements are vital 

functions due to the possibility of illegal adulteration 

and/or contamination and the potential that exists 

for adverse health effects to unsuspecting 

consumers. 
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Evaluating a direct swabbing method for 
screening pesticides on fruit and vegetable 
surfaces using direct analysis in real time 
(DART) coupled to an Exactive benchtop 
orbitrap mass spectrometer 

E. Crawford and B. Musselman , Analytical and 

Bioanalytical Chemistry, pp. 1–6, 2012. 

Rapid screening of pesticides present on the 

surfaces of fruits and vegetables has been 

facilitated by using a Direct Analysis in Real Time 

(DART®) open air surface desorption ionization 

source coupled to an Exactive® high-resolution 

accurate mass benchtop orbitrap mass 

spectrometer. The use of cotton and polyester 

cleaning swabs to collect and retain pesticides for 

subsequent open air desorption ionization is 

demonstrated by sampling the surface of various 

produce to which solutions of pesticides have been 

applied at levels 10 and 100 times below the 

tolerance levels established by the United States 

Environmental Protection Agency (US EPA). 

Samples analyzed include cherry tomatoes, 

oranges, peaches and carrots each chosen for their 

surface characteristics which include: smooth, 

pitted, fuzzy, and rough respectively. Results from 

the direct analysis of fungicides on store-bought 

oranges are also described. In all cases, the swabs 

were introduced directly into the heated ionizing gas 

of the DART source resulting in production of 

protonated pesticide molecules within seconds of 

sampling. Operation of the orbitrap mass 

spectrometer at 25,000 full-width half maximum 

resolution was sufficient to generate high-quality 

accurate mass data. Stable external mass 

calibration eliminated the need for addition of 

standards typically required for mass calibration, 

thus allowing multiple analyses to be completed 

without instrument recalibration. 

Assessing the capabilities of direct 
analysis in real time mass spectrometry for 
5-hydroxymethylfurfural quantitation in 
honey 

E. S. Chernetsova and G. E. Morlock,  International 

Journal of Mass Spectrometry, vol. 314, no. 0, pp. 

22–32, 2012. 

The limitations of direct analysis in real time mass 

spectrometry (DART-MS) were shown with the 

example of 5-hydroxymethylfurfural (HMF) 

quantitation in honey. An accurate analyte 

quantitation was impossible because the 

carbohydrate matrix partially degraded to the 

analyte in the ionization region. However, at a 

decreased DART temperature of 150°C, the DART-

MS screening was possible using two spiked 

reference samples. The influence of instrumental 

parameters on the composition of the DART mass 

spectra for HMF and carbohydrates was 

investigated. Also, first data on scanning surface 

analysis with DART-MS were obtained giving rise 

for further studies in this direction. 
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ID-CUBE direct analysis in real time high-
resolution mass spectrometry and its 
capabilities in the identification of phenolic 
components from the green leaves of 
Bergenia crassifolia L. 

E. S. Chernetsova, E. A. Crawford, A. N. Shikov, O. 

N. Pozharitskaya, V. G. Makarov, and G. E. 

Morlock , Rapid Commun. Mass Spectrom., vol. 26, 

no. 11, pp. 1329–1337, 2012. 

Bergenia crassifolia is a plant widely used in herbal 

medicine. Its chemical composition has been little 

studied, and no studies using high-resolution mass 

spectrometry (HRMS) have been performed. Its 

phenolic components are of particular interest, due 

to the interest in such compounds in medicine and 

cosmetics. The ID-CUBE, a simplified Direct 

Analysis in Real Time (DART) ion source, suitable 

for the fast MS analysis of liquids without complex 

sample preparation, offers a new method of 

studying extracts of such plant. Coupling the ID-

CUBE with a high-resolution mass spectrometer 

can provide identification of extract components.   

METHODS - Mass spectral conditions were 

optimized for model solutions of the flavonoid 

naringenin and used for the identification of 

phenolic compounds in green leaves extracts of 

Bergenia crassifolia. OpenSpot sample cards with a 

metal grid surface were used for sample 

introduction into the ID-CUBE ion source on an 

Obitrap mass spectrometer. The samples were 

applied as 5-μL aliquots of the extract onto the 

metal grid of the card. Sample ionization was 

stimulated in the ion source within 20 s by applying 

an electric current to the metal grid to thermally 

desorb the analytes into the gas flow of metastable 

helium atoms from the ID-CUBE.   RESULTS - 

Elemental compositions were assigned to abundant 

ions in the mass spectra of the extracts. The major 

phenolic components were confirmed by their [M–

H]– ions. Thirty-six other marker ions were found, 

and elemental compositions were suggested for 

30% of them, based on a search for compounds 

found in herbal extracts.   CONCLUSIONS - The 

ID-CUBE–Orbitrap MS coupling allowed the rapid 

accurate mass determination of the phenolic 

components (and other compounds) in herbal 

extracts.  

Ambient Ionization–Accurate Mass 
Spectrometry (AMI-AMS) for the 
Identification of Nonvisible Set-off in Food-
Contact Materials 

K. Bentayeb, L. K. Ackerman, and T. H. Begley,  J. 

Agric. Food Chem., vol. 60, no. 8, pp. 1914–1920, 

2012. 

Set-off is the unintentional transfer of substances 

used in printing from the external printed surface of 

food packaging to the inner, food-contact surface. 

Ambient ionization-accurate mass spectrometry 

(AMI-AMS) detected and identified compounds from 

print set-off not visible to the human eye. AMI mass 

spectra from inner and outer surfaces of printed and 

non-printed food packaging were compared to 

detect and identify nonvisible set-off components. A 

protocol to identify unknowns was developed using 

a custom open-source database of printing inks and 

food-packaging compounds. The protocol matched 

print-related food-contact surface ions with the 

molecular formulas of common ions, isotopes, and 

fragments of compounds from the database. AMI-

AMS was able to detect print set-off and identify 

seven different compounds. Set-off on the 

packaging samples was confirmed using gas 

chromatographic-mass spectrometric (GC-MS) 

analysis of single-sided solvent extracts. N-Ethyl-

2(and 4)-methylbenzenesulfonamide, 2,4-diphenyl-

4-methyl-1(and 2)-pentene, and 2,4,7,9-tetramethyl-

5-decyne-4,7-diol were present on the food-contact 

layer at concentrations from 0.21 to 2.7 ± 1.6 µg 

dm
2
, corresponding to nearly milligram per kilogram 

concentrations in the packaged food. Other minor 

set-off compounds were detected only by AMI-

AMS, a fast, simple, and thorough technique to 

detect and identify set-off in food packaging. 
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Rapid screening for synthetic antidiabetic 
drug adulteration in herbal dietary 
supplements using direct analysis in real 
time mass spectrometry 

Z. Zhou, J. Zhang, W. Zhang, Y. Bai, and H.  Liu, 

Analyst, vol. 136, no. 12, pp. 2613–2618, 2011. 

Adulteration of herbal supplements with synthetic 

drugs is illegal. A rapid and reliable method which 

utilizes direct analysis in real time mass 

spectrometry (DART-MS) was developed for the 

identification of seven synthetic antidiabetic drugs 

used as adulterants in herbal dietary supplements. 

The supplement sample was simply extracted with 

methanol/water by manually shaking several times 

and directly analyzed using DART-MS. The 

presence of synthetic drug adulterants was 

confirmed through the accurate m/z values and 

MS/MS data obtained via quadruple time of flight 

mass spectrometry (QTOF MS). Parameters for the 

DART source were systematically optimized, and 

the limits of detection (LODs) in herbal supplement 

matrices were measured. This method was 

successfully applied to examine five commercial 

herbal dietary supplements, and two of them proved 

to be adulterated with metformin without labeling. 

In-situ and Rapid Identification of Tea by 
Diect Analysis in Real Time Mass 
Spectrometry 

 Z. Zhou, J. Zhang, W. Zhang, Y. Bai, and H. Liu,  

Chinese Journal of Chromatography, vol. 29, no. 7, 

pp. 681–686, 2011. 

By applying an ambient mass spectrometric method

direct analysis in real time mass spectrometry 

(DART MS), a method was developed for rapid 

identification of the principal constituents in different 

kinds of tea. The identification of different kinds of 

tea was also achieved by characteristic mass 

spectrometric signals. Under atmospheric pressure, 

DART MS method does not require any sample 

preparation, greatly reduces the analysis time, 

realizes the in situ, rapid, accurate, and high-

throughput analysis. 
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Authentication of Animal Fats Using Direct 
Analysis in Real Time (DART) 
Ionization−Mass Spectrometry and 
Chemometric Tools 

L. Vaclavik, V. Hrbek, T. Cajka, B.-A. Rohlik, P. 

Pipek, and J. Hajslova,  J. Agric. Food Chem., vol. 

59, no. 11, pp. 5919–5926, 2011. 

A combination of direct analysis in real time (DART) 

ionization coupled to time-of-flight mass 

spectrometry (TOFMS) and chemometrics was 

used for animal fat (lard and beef tallow) 

authentication. This novel instrumentation was 

employed for rapid profiling of triacylglycerols 

(TAGs) and polar compounds present in fat 

samples and their mixtures. Additionally, fat isolated 

from pork, beef, and pork/beef admixtures was 

analyzed. Mass spectral records were processed by 

principal component analysis (PCA) and stepwise 

linear discriminant analysis (LDA). DART-TOFMS 

profiles of TAGs were found to be more suitable for 

the purpose of discrimination among the examined 

fat types as compared to profiles of polar 

compounds. The LDA model developed using TAG 

data enabled not only reliable classification of 

samples representing neat fats but also detection of 

admixed lard and tallow at adulteration levels of 5 

and 10% (w/w), respectively. The presented 

approach was also successfully applied to minced 

meat prepared from pork and beef with comparable 

fat content. Using the DART-TOFMS TAG profiles 

of fat isolated from meat mixtures, detection of 10% 

pork added to beef and vice versa was possible. 

 

Identification of ambiguous cubeb fruit by 
DART-MS-based fingerprinting combined 
with principal component analysis 

H. J. Kim, W. S. Baek, and Y. P. Jang , Food 

Chemistry, vol. 129, no. 3, pp. 1305–1310, 2011. 

 

The cubeb berry has been used as a spice and 

medicinal herb since medieval times. In China, 

Litsea cubeba (Lauraceae) has been designated as 

the cubeb tree; in other countries, Piper cubeba 

(Piperaceae) is considered as the cubeb. Since 

most cubeb berries in the Korean market are 

imported from China, there is a need to develop an 

efficient analytical method for the identification of 

the origin of cubeb fruit. Thirty-two commercial 

cubeb samples were collected from China, Korea, 

and Indonesia, and direct analysis in real time mass 

spectrometry (DART-MS) was employed to obtain a 

chemical fingerprint of each sample for multivariate 

analysis. Cubebene was identified as a marker 

molecule for P. cubeba, and all cubeb samples from 

Korean markets were identified as the fruit of L. 

cubeba. DART-MS fingerprinting together with 

principal component analysis can be applied as a 

promising method for rapid identification and/or 

quality control of cubeb berries. 
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Quantitative analysis of major 
dibenzocyclooctane lignans in schisandrae 
fructus by online TLC-DART-MS 

H. J. Kim, M. S. Oh, J. Hong, and Y. P. Jang , 

Phytochemical Analysis, vol. 22, no. 3, pp. 258–

262, 2011. 

Introduction – Direct analysis in real time (DART) 

ion source is a powerful ionising technique for the 

quick and easy detection of various organic 

molecules without any sample preparation steps, 

but the lack of quantitation capacity limits its 

extensive use in the field of phytochemical analysis. 

Objective – To improvise a new system which 

utilize DART-MS as a hyphenated detector for 

quantitation. 

Methodology – A total extract of Schisandra 

chinensis fruit was analyzed on a TLC plate and 

three major lignan compounds were quantitated by 

three different methods of UV densitometry, TLC-

DART-MS and HPLC-UV to compare the efficiency 

of each method. To introduce the TLC plate into the 

DART ion source at a constant velocity, a syringe 

pump was employed. The DART-MS total ion 

current chromatogram was recorded for the entire 

TLC plate. The concentration of each lignan 

compound was calculated from the calibration curve 

established with standard compound. 

Results – Gomisin A, gomisin N and schisandrin 

were well separated on a silica-coated TLC plate 

and the specific ion current chromatograms were 

successfully acquired from the TLC-DART-MS 

system. The TLC-DART-MS system for the 

quantitation of natural products showed better 

linearity and specificity than TLC densitometry, and 

consumed less time and solvent than conventional 

HPLC method. 

Conclusion – A hyphenated system for the 

quantitation of phytochemicals from crude herbal 

drugs was successfully established. This system 

was shown to have a powerful analytical capacity 

for the prompt and efficient quantitation of natural 

products from crude drugs. 

 

Direct analysis of dithiocarbamate 
fungicides in fruit by ambient mass 
spectrometry 

T. Cajka, K. Riddellova, P. Zomer, H. Mol, and J. 

Hajslova , Food Additives & Contaminants: Part A, 

vol. 28, no. 10, pp. 1372–1382, 2011. 

Dithiocarbamates (DTCs) are fungicides that 

require a specific single-residue method for 

detection and verification of compliance with 

maximum residue limits (MRLs) as established for 

fruit and vegetables in the EU. In this study, the use 

of ambient mass spectrometry was investigated for 

specific determination of individual DTCs (thiram, 

ziram) in fruit. Two complementary approaches 

have been investigated for their rapid analysis: (i) 

direct analysis in real time (DART) combined with 

medium-high resolution/accurate mass time-of-flight 

mass spectrometry (TOFMS) and high-

resolution/accurate mass Orbitrap MS, and (ii) 

desorption electrospray ionization (DESI) combined 

with tandem-in-time mass spectrometry (MS2). With 

both techniques, thiram deposited on a glass 

surface (DART) or Teflon (DESI) could be directly 

detected. With DART, this was also possible for 

ziram. Before the instrumental analysis of fruit 

matrix, an extract had to be prepared following a 

straightforward procedure. The raw extracts were 

deposited on a slide (DESI), or rods were dipped 

into the extracts (DART), after which thiram and 

ziram could be rapidly detected (typically 10 

samples in a few minutes). In the case of thiram, 

the lowest calibration levels were 1 mg kg
−1

 (DART–

TOFMS, DESI–MS2) and 0.1 mg kg
−1

 (DART–

Orbitrap MS). For ziram, the achieved lowest 

calibration levels were 0.5 mg kg
−1

 (DART–TOFMS) 

and 1 mg kg
−1

 (DART–Orbitrap MS). In all cases, 

this was sufficiently low to test samples against EU-

MRLs for a number of fruit crops. Using an internal 

standard, (semi)quantitative results could be 

obtained. 
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Practical considerations for the rapid 
screening for pesticides using ambient 
pressure desorption ionisation with high-
resolution mass spectrometry 

S. E. Edison, L. A. Lin, and L. Parrales , Food 

Additives & Contaminants: Part A, vol. 28, no. 10, 

pp. 1393–1404, 2011. 

A rapid screening method for pesticides has been 

developed to streamline the processing of produce 

entering the United States. Foam swabs were used 

to recover multi-class mixtures of 240, 140, 132 and 

60 pesticides from the surfaces of apples, kiwis, 

peaches and tomatoes. The mixtures were selected 

to span a large range of chemical classes, 

polarities, solubilities and sizes to provide a broad 

look at how this technique will perform for a variety 

of analytes. The swabs were analysed using direct 

analysis in real-time (DART) ionisation coupled with 

a high-resolution Exactive Orbitrap mass 

spectrometer. This study expands the types of 

commodities analysed using this method and 

explores the feasibility of compositing multiple units 

of produce per batch to analyse a representative 

sample. It was established that whilst smooth-

skinned produce, such as apples, maintained a high 

detection rate for the pesticide mixtures even when 

ten apples are swabbed with one foam disk, 

commodities with rougher surfaces, such as 

peaches, suffered a decrease in detection rate 

when ten peaches are swabbed with one foam disk. 

In order to maintain some consistency across the 

sample preparation process, a composite size of 

three units was selected. The varying topography of 

the commodities necessitated minor modifications 

to the method; for example, analysis of kiwi 

required that the hair on the surface be shaved prior 

to swabbing to achieve good recovery. Additionally, 

the effect of storage conditions on detection rate 

was analysed by spiking the surface of tomatoes at 

levels of 5 and 10 ng g
-1

 for each pesticide, storing 

them under refrigeration and ambient conditions for 

3 and 8 days, and then analysing the surface using 

this method. After 8 days of storage under both 

conditions more than 80% of the pesticides in the 

mixture were detected. Also, analysis of the multi-

class mixtures was performed in both positive- and 

negative-ion mode and many classes were 

detected in both modes. Some classes, such 

thiocarbamates, phenylamides and organochlorine 

pesticides, were only observed in the positive-ion 

mode, whilst benzoylphenylurea pesticides were 

only detected in the negative-ion mode. 

 

 

Ambient mass spectrometry employing a 
DART ion source for metabolomic 
fingerprinting/profiling: a powerful tool for 
beer origin recognition 

T. Cajka, K. Riddellova, M. Tomaniova, and J. 

Hajslova , Metabolomics, vol. 7, no. 4, pp. 500–508, 

2011. 

A metabolomic fingerprinting/profiling generated by 

ambient mass spectrometry (MS) employing a 

direct analysis in real time (DART) ion source 

coupled to high-resolution time-of-flight mass 

spectrometry (TOFMS) was employed as a tool for 

beer origin recognition. In a first step, the DART–

TOFMS instrumental conditions were optimized to 

obtain the broadest possible representation of 

ionizable compounds occurring in beer samples 

(direct measurement, no sample preparation). In 

the next step, metabolomic profiles (mass spectra) 

of a large set of different beer brands (Trappist and 

non-Trappist specialty beers) were acquired. In the 

final phase, the experimental data were analyzed 

using partial least squares discriminant analysis 

(PLS-DA), linear discriminant analysis (LDA), and 

artificial neural networks with multilayer perceptrons 

(ANN-MLP) with the aim of distinguishing (i) the 

beers labeled as Rochefort 8; (ii) a group consisting 

of Rochefort 6, 8, 10 beers; and (iii) Trappist beers. 

The best prediction ability was obtained for the 

model that distinguished the group of Rochefort 6, 

8, 10 beers from the rest of beers. In this case, all 

chemometric tools employed provided ≥95% correct 

classification. The current study showed that 

DART–TOFMS metabolomic fingerprinting/profiling 

is a powerful analytical strategy enabling quality 

monitoring/authenticity assessment to be conducted 

in real time. 

 








