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1. Introduction 

Current non-target screening (NTS) strategies for food focus mainly on illicit 

adulterations [1, 2], emerging contaminants [1–3], or pesticides [4, 5]. For the screening 

of new drugs, nature offers an invaluably rich source of plant-based bioactive secondary 

metabolites [6–9]. Imposing pharmacological effects in humans, nature-derived bioactive 

constituents could help in preventing diseases or maintaining the health status [7]. 

Considering thousands of unknown compounds in natural products, the need for 

comprehensive technologies to determine unknown natural features is increasing [10]. 

To cover and record this diversity of substances, high-performance liquid 

chromatography (HPLC) coupled with high-resolution mass spectrometry (HRMS) is 

usually used [11, 12]. The enormous datasets resulting from HPLC–HRMS analyses need 

substantial reduction and prioritisation for further evaluation [10, 12]. Data processing 

can bias the results of NTS strategies by focusing on the most abundant compounds, 

neglecting those of minor abundance [12]. Since the experimentally generated datasets 

cannot be handled properly without processing, the amount of data to be evaluated must 

be reduced otherwise, e.g., by prioritising bioactive compounds [10]. To implement the 

bioactivity aspect in current NTS strategies, HPLC–HRMS methods have to be expanded 

by biological and biochemical detection methods. The direct combination of analytical 

methods and biological activity testing still remains challenging [13]. Enzymatic and 

microbiological assays require neutral, aqueous, or buffered conditions, while 

identification methods, such as HPLC–HRMS, need salt-free, pure organic solvents. In 

recent years, different groups worked on natural product research and the identification 

of unknown bioactive compounds by in silico combination of data from analytical and 

biological screenings [6, 14–17]. 

1.1. Non-target screening for bioactivity in food 

Screening approaches for biologically active compounds from natural products are 

expensive, time-consuming, elaborate, and require a lot of equipment [8, 13]. The two 

major challenges for the NTS for bioactivity are genericity and multidisciplinarity. Sample 

preparation is a critical step concerning selectivity and sensitivity. To avoid any loss of 

substances or discrimination of some analytes, sample preparation requires non-selective 

and wide-scope methods. However, an utmost generic sample preparation goes along 

with matrix interferences, especially for complex samples [18]. The second challenge is 
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the interdisciplinary hyphenation of chemical analysis and biological detection [10] which 

makes it difficult to assign the bioactivity to individual compounds from complex matrices 

[11, 15, 19]. Effect-directed analysis (EDA) commonly comprises several analytical 

methods, such as fractionation, chromatography, bioassay, and mass spectrometry [11] 

embedded in off-line [17, 20, 21], at-line [9, 16], or on-line [6] workflows (Figure 1). The 

most commonly employed chromatographic technique for EDA is HPLC [6, 9, 11, 15–17, 

21]. The advantage of HPLC is its high separation capacity. Nevertheless, HPLC coupled 

with (bio)assays could be problematic due to solvent incompatibility and limited 

combination possibilities with assay variants. 

Off-line screenings usually consist of iterative microfractionation into microplate format, 

followed by respective (bio)assays, and subsequent HPLC–HRMS analysis of bioactive 

fractions [16, 17, 21]. This technique harbours the risk of overlooking bioactivity as only 

the whole fraction is determined as sum parameter and opposing effects can cancel each 

other out [22]. A clear assignment of a substance to an effect is biased since there are 

usually several chemically related analytes in one fraction. Off-line formats on the other 

hand are compatible with almost any (bio)assay regardless of incubation time or assay 

material [16]. For at-line and on-line methodologies, a flow-split is embedded after 

chromatographic separation. In at-line approaches, one part is fractionated in

 

Figure 1. Common hyphenation possibilities for non-target screening by combing separation techniques, 

such as high-performance liquid chromatography (HPLC) or high-performance thin-layer chromatography 

(HPTLC), with high-resolution mass spectrometry (HRMS), and (bio)assays. Comparison of off-line, at-line, 

and on-line hyphenation options proposed in the literature [6, 11, 16, 17, 23]. 
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microplates, while the other part is analysed via HRMS [16]. In on-line variants, 

chromatographed effluent is divided proportionally into HRMS and to a completely 

automated (bio)assay procedure realised through continuous injection of necessary 

reagents into a reaction coil [6]. Computational correlation in at-line and on-line 

approaches enables precise assignment of the detected effect to an individual molecule 

while being limited in (bio)assay variants [16]. On-line variants are additionally restricted 

to fast-reacting biological systems and influenced by the organic solvent inevitably 

present after HPLC separation, interfering with biological or biochemical assays [11] 

Besides HPLC, other separation methods, such as gas chromatography [20] and 

high-performance thin-layer chromatography (HPTLC) [10, 11, 23–25] are also used in 

EDA but are less reported. In Figure 1, the currently performed off-line NTS for bioactivity 

with HPTLC is displayed for the sake of completeness but firstly introduced in section 

1.2.3. 

1.2. Status-quo high-performance thin-layer chromatography hyphenations 

HPTLC is an optimised version of thin-layer chromatography (TLC), employing advanced 

instrumentation and improved layer properties (smaller particle size, more homogenous  

particle distribution), which allow reliable results through standardisation. The capability 

in selectivity options, application volumes, and derivatisation possibilities, renders 

HPTLC an emerging technology for various applications [26]. In particular, the matrix 

robustness of HPTLC is attractive to handle complex samples without time-consuming 

sample preparation [10]. Although HPTLC has less separation power compared to HPLC, 

it is superior in some regards. The whole sample is stored on the plate and can be detected 

by different exposures (white light illumination, ultra-violet light, or fluorescence light). 

In HPLC, compounds that do not interact with the stationary phase are rushing through 

the column, eluting within the dead volume, and thus are not captured by any detector. 

While in HPTLC multiple samples are chromatographed side-by-side under the same 

conditions, HPLC has a lower throughput and a greater variation in analysis conditions 

due to sequential execution. After chromatography, HPTLC plates could be chemically, 

biochemically, and biologically derivatised [10, 11, 26]. For HPLC, common detectors are 

limited in versatility or even destructive, and implementations of derivatisations within 

the analysis are still technically complex [19]. 
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1.2.1. High-performance thin-layer chromatography–effect-directed analysis 

EDA as a form of post-chromatographic derivatisation is therefore easier to combine with 

HPTLC. A great advantage of HPTLC–EDA is the complete evaporation of the organic 

solvent from the silica gel layer [11]. Although, a disadvantage, especially for normal 

phase (NP)-HPTLC, is the diffusion susceptibility of zones in aqueous bioassays during 

long incubation times [11, 27]. HPTLC–EDA techniques can be divided into bioautography 

and biochemical assays. Both are performed post-chromatographically. Besides the 

differentiation in bioautography and biochemical detection, two application variants of 

planar assays can be distinguished. First, the whole-plate assay, where the biological 

material is distributed all over the plate after chromatography [28]. Second, the start zone 

assay, where e.g. an enzymatic metabolisation process takes place exclusively on the 

application zone, and chromatography is performed after the assay [29–31]. 

To ensure the viability of the organisms and the proper quaternary structure of enzymes 

on the (HP)TLC plate, appropriate conditions on the silica gel layer must be given, i.e., 

almost neutral pH, moist environment, and optimal working temperature for the 

respective organism or enzyme [11]. In case of acidic or alkaline mobile phases, a neutra-

lisation step has to be involved before the assay procedure. To prevent the (HP)TLC plate 

from drying, moist and humid conditions during incubation can be achieved by placing 

the plate in a closed, humidity-controlled environment, e.g. a tight and moistened box.  

Both, biochemical assays and bioautography, are commonly used for bioprofiling for new 

effective substances from natural complex matrices [10, 28, 32]. The focus of the 

subsequent assay description is on the EDA applied in the present work, which targets 

physiological effects which play a role in the development of human diseases. 

In general, biochemical assays are based on the principle of enzyme-substrate interaction. 

Commonly employed biochemical assays, used in both microplate and HPTLC, include 

cholinesterases, glucuronidase, tyrosinase, glucosidases, and amylase. Executing planar 

biochemical assays, enzyme solutions are applied onto the plate and after an incubation 

period, inhibiting effects are visualised using substrates that are usually enzymatically 

converted to colourful products. Zones in which the enzymatic function is inhibited, 

remain colourless [11], except for the α-amylase assay, where enzyme-inhibiting zones 

are dyed blue-violet [33]. The enzymes acetylcholinesterase (AChE) and 

butyrylcholinesterase (BChE) are involved in neurotransmission processes. The disease 

pattern of Alzheimer’s is characterised by a deficiency of the neurotransmitter 

acetylcholine in the synapses of the cerebral cortex. AChE and BChE catalyse the 
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degradation of this neurotransmitter, with leads to a further deterioration of neuronal 

transmission. Inhibition of these enzymes is the main target in the deceleration of 

Alzheimer’s disease [34, 35]. 

For detoxification, substance elimination from the human body is often regulated via 

glucuronidation pathways. Compounds are marked by adding a glucuronide moiety to the 

molecule. In the intestine, these processes can be reverted by bacterial β-glucuronidase, 

resulting in gastrointestinal malfunction and disease. Enzyme inhibitors address 

explicitly the extra loop of the bacterial enzyme, which is missing in the human ortholog, 

to prevent bacterial deglucuronidation of the molecule to be eliminated [36]. 

Tyrosinase is a key regulator of melanogenesis. Also, it is responsible for the browning of 

foods. By using molecular oxygen, tyrosinase converts monophenols via the intermediate 

diphenols to the final quinones [37]. Polymerisation of built quinones results in the 

respective pigments, such as melanin. Excessive production of melanin results in 

hyperpigmentation, acne, and freckles [38]. The inhibition of tyrosinase activity is of high 

interest to the cosmetics industry, as it can prevent skin abnormalities and be used as skin 

whitening agent [37, 38]. 

The three enzymes α-glucosidase, β-glucosidase, and α-amylase are involved in the 

breakdown of oligosaccharides into monomers. The small Greek letter indicates which 

kind of bond, they are able to cleave, either α- or β-linked oligosaccharides. The released 

glucose molecules are absorbed from the intestine and lead to an elevation of the blood 

glucose level. Since diabetes patients are poor in lowering hyperglycaemia levels, the 

inhibition of these enzymes is desirable for the treatment of diabetes. By the prevention 

of oligosaccharide hydrolysis, less free glucose is available for absorption and thus a 

balanced blood glucose level could be maintained [33, 39].  

In bioautography, living organisms are applied onto the (HP)TLC surfaces to detect 

biological effects [11]. As a result, a bioautogram is obtained. Recently, several 

microorganisms were employed for HPTLC–EDA, e.g., Aliivibrio fischeri (A. fischeri) [40], 

Bacillus subtilis (B. subtilis) [41], Salmonella typhimurium (S. typhimurium) [42], or 

Saccharomyces cerevisiae (S. cerevisiae) [27, 43, 44]. In direct bioautographic assays, the 

bioactivity can be instantly measured, for example as enhanced or attenuated 

bioluminescence of the Gram-negative A. fischeri bacteria. The natively bioluminescent 

A. fischeri immediately shows a change in photon emission when exposed to harmful or 

toxic substances for the marine bacteria. Reduced photon emission is an indicator for 

antimicrobial and toxic substances [11, 40, 45], whereas an increased photon emission 
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indicates a stimulated energetic cell metabolism. Weins and Jork (1996) introduced this 

in situ bioassay to TLC plates [45]. Indirect approaches firstly expose reporter organisms 

equipped with specific operons to their trigger molecules. This exposure induces the 

production of enzymes decoded in the operon. Bioactivity is then measured indirectly 

through enzymatic substrate conversion. As examples of indirect bioautography, the 

yeast estrogen and androgen screens (YES and YAS), the SOS-Umu-C assay, and the 

B. subtilis bioassay are described more precisely. 

The endocrine system regulates the hormonal homeostasis of almost all vertebrates. An 

imbalance has severe impacts on juvenile development, menstrual cycle, fertility, and 

other hormonal regulated processes [44]. Endocrine-disrupting chemicals are detected in 

the YAS and YES as well as in their antagonistic versions. Employed yeast strains are 

genetically modified to contain the human androgen/estrogen receptor (hAR/hER) [46, 

47]. In presence of hormone-like substances, the ligand-receptor interaction induces the 

expression of β-galactosidase through the cleavage of the repressor protein, which 

formerly prevented gene transcription of the enzyme [43]. Hormonal effects are indirectly 

measured as enzymatic activity mediated through hydrolysis of chromogenic or 

fluorescing substrates. For antagonistic assays, an agonist is artificially introduced to the 

bioassay system. Agonists and antagonists compete for free binding sites at the receptors. 

Antagonists block the receptor so that less enzyme expression is induced. Antagonistic 

effects are determined as reduction of β-galactosidase activity [48]. For planar antagonist 

screening, the right side of each track is oversprayed with an agonist-stripe along with the 

chromatographed track (see Publication 5, Figure 1). β-Galactosidase activity is then 

detectable over the whole track, except for those zones containing antagonistic 

substances [44]. 

To screen for genotoxic substances, the SOS-Umu-C assay can be used. The principle is 

based on the SOS DNA repair mechanism which is regulated via several genes [49]. In 

response to DNA damage induced by mutagens and genotoxins, the genetically modified 

S. typhimurium TA1535/pSK1002 activates the SOS signal cascade, resulting in the 

expression of the enzyme β-galactosidase. Comparable to hormonal effects, genotoxicity 

can be determined indirectly as β-galactosidase activity [42, 49, 50]. 

Antibiotics are commonly used to treat bacterial infections. EDA for potential drug 

candidates can be realised with the Gram-positive B. subtilis bioassay. Present substances 

with antibiotic-like properties lead to cell death or bacteriostatic conditions. The cell 
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viability is detected indirectly via a tetrazolium salt that is converted into a violet 

formazan by the dehydrogenases of intact Bacilli [41, 51]. 

1.2.2. Microplate assays versus planar assays 

Microfractionation for microplate assays require an upstream separation technique, such 

as chromatography or electrophoresis (Figure 1). Fractions are usually collected 

time-controlled or peak-wise [19]. In case of chromatography-based fractionation, vessel 

capacity and flow should match, otherwise a split must be installed, resulting in a 

considerable loss of sample. Time-controlled fractionation often collects several analytes 

with similar chemical properties in one vessel which leads to the determination of the 

sum of all biological responses comprised in this well. Evaporating organic solvent from 

the microwells is mandatory for (bio)assay procedures, but some compounds only show 

slight solubility in aqueous media and therefore are not re-dissolved after drying [19].  

Planar (bio)assays are a good alternative to microplate assays where HPTLC serves as an 

upstream separation technique. After chromatography, the complete solvent can be 

evaporated and aqueous assay media, buffers, and substrates can be applied on the same 

surface without analyte loss. Biological effects can be directly assigned to specific zones 

on the plate, which can be further evaluated to individual substances causing the 

bioactivity. Planar (bio)assays showed to be more sensitive compared to microplate 

assays, probably due to lower matrix interferences [30, 42, 51]. 

1.2.3. High-performance thin-layer chromatography–effect-directed analysis–

high-resolution mass spectrometry 

State-of-the-art HPTLC–EDA–HRMS hyphenations are comparable to off-line NTS 

methods (Figure 1), whereby HPTLC–EDA and HPTLC–HRMS are performed in a time-

shifted manner, which only allows indirect coupling. On one plate (20 cm × 10 cm) 

samples were chromatographed in duplicate as two sets, and cut into two identical halves 

(10 cm × 10 cm), of which only one was subjected to the (bio)assay [23]. According to the 

effect profile of the (bio)autogram, zones of interest were selected on the remaining clean 

chromatogram, either manually [23] or automated [52]. Plates were imprinted by an 

elution head, eluting the selected zones to an HRMS instrument. After the MS recording, 

accurate positioning of the elution head was verified by performing the same (bio)assay 

on the imprinted chromatogram [23, 52]. 
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This procedure has disadvantages in several respects. Duplicate application on one 

HPTLC plate reduces the number of samples being analysed in a single chromatographic 

run. Zone marking on the identical half without (bio)assay must be as precise as possible. 

Incorrectly placed imprints cannot be re-analysed so easily. Correction attempts, which 

are often only a few millimetres away, would result in a leakage of the elution head, since 

the silica gel layer is already damaged near this zone. Moreover, the (bio)assay procedure 

has to be performed twice, requiring twice the time, effort, and material [53]. Currently, 

the high matrix and salt load of the (bio)assay hampers direct hyphenation of HPTLC–

EDA–HRMS. The aim to directly elute the bioactive zone from the (bio)autrogram into 

HRMS can only be realised by including a desalting step, reducing the interfering matrix 

and salts. 

1.2.4. On-surface metabolisation 

NTS for bioactive compounds in food is reasonable as it is more straightforward 

compared to random, non-prioritised NTS strategies. Considering effects on living 

organisms, compound distribution, half-life, resorption, and metabolisation in vivo have 

to be taken into account. Effective constituents from the diet may not reach the organism 

in the same form as they were applied [13]. Digestion plays a major role in the breakdown 

of macronutrients such as saccharides, lipids, and proteins [31, 54]. The three main 

digestive enzyme classes are proteases, lipases, and amylases, which are distributed 

differently throughout the gastrointestinal tract (GIT) [55]. Enzymes involved in digestion 

processes are delivered by the salivary gland, liver, and pancreas [54]. Most accurate 

results in the prediction of food breakdown, nutrient release, and absorption into the 

bloodstream are provided by in vivo experiments [54, 55]. To avoid ethical issues, static 

digestion models were standardised in vitro to mimic oral, gastric, and intestinal 

metabolisation [31, 56]. Current in vitro models are a good alternative to animal or human 

studies providing comparable results for the digestion of macronutrients. Prediction 

models for the in vitro digestion of micronutrients, such as bioactive compounds, 

carotenoids, or polyphenols are deviating from in vivo results [57]. The realistic 

simulation of the digestion requires the right pH and composition of enzymes, 

electrolytes, and co-factors [56]. Morlock et al. (2021) recently introduced the 

harmonised digestion procedure [56] from solution-based assays to planar surfaces. In 

brief, samples are applied to the silica gel layer. Digestive enzymes and respective 

co-factors are oversprayed. To set humid conditions, the plate is wetted and incubated. 
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After simulated digestion, samples are chromatographed and derivatised either 

chemically, biochemically, or biologically. On-surface digestion with subsequent HPTLC 

showed comparable results to in vitro digestion followed by planar chromatography. The 

on-surface nanoGIT+active system is advantageous because enzyme and sample 

consumption is kept minimal (nano). Metabolisation and separation are performed on the 

same layer and could further be combined with multiple detection options [31]. 

Especially drugs or toxins are metabolised in the liver. Liver metabolism plays a major 

role in activation or inactivation of compounds introduced to the human body. To transfer 

the complex liver biotransformation processes to in vitro models, a homogenised liver 

extract from rats, the so-called S9 mixture, is commonly used. S9 metabolisation affects 

bioactivity, e.g., metabolic activation of estrogenic properties of bisphenol A [58], 

stimulation of mutagenic potential of aflatoxin B1 [59], or conferment of neurotoxic 

attributes to chlorpyrifos [30]. Planar on-surface assays exploiting the S9 activation 

system could either be performed as start-zone assay [30], or whole-plate assay [60] by 

adding the liver homogenate directly to the (bio)assay material applied. 

1.3. Online desalting and orthogonal separation 

By eluting active zones directly from the (bio)autogram, assay salts and media 

components are co-transferred automatically. In case of alkaline or acidic mobile phases, 

additional salt load from neutralisation buffers is co-eluted to HRMS. Therefore, 

employing a desalting step is crucial to prevent ion suppression, clogging of the ion source 

through crystallisation, and signal suppression [61]. In the fields of proteomics [62], 

genomics [63], and metabolomics [61, 64], on-line desalting is already embedded in 

HPLC–HRMS analyses due to very saline sample preparation. Technically they all follow 

more or less the same principle. A second stationary phase is introduced in form of a guard 

column [63, 64], second separation column [62], or a solid-phase-extraction column [61] 

before [61, 63, 64] or after [62] the analytical column. Analytes are retained on the 

stationary phase, while salts and buffer materials are discarded [63]. After the desalting 

step, samples are transferred to HPLC–MS. 

With embedding a desalting step into the HPTLC–EDA–HRMS workflow, it might be 

unnecessary to perform HPLC, since the chromatographic separation has already 

occurred on the HPTLC plate. Nevertheless, an orthogonal chromatography is reasonable 

for several aspects. As already mentioned, HPTLC has a lower separation capacity 

compared to HPLC [11]. Chemically similar compounds could retard at the same 
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migration distance on the plate, which makes an orthogonal separation mandatory to 

assign the bioactivity to an individual substance. As it is technically less complex to 

combine EDA with HPTLC, rather than HPLC, the latter can be used to separate potentially 

co-eluting analytes from the planar (bio)autogram. Moreover, additional information 

about the unknowns is gained as two retention factors (RF) are determined within a single 

workflow: First, the migration distance on NP-HPTLC plates and second, the retention 

time on the reversed phase (RP) HPLC column. 

1.4. Mass analysers: single quadrupole versus orbitrap 

Usually, mass analysers are selected according to the research purpose. For targeted 

approaches, MS instruments with low resolution power are adequate, e.g., for the 

quantification of known analytes. For example, single quadrupole mass spectrometers are 

applied in routine analysis. The operating principle of single quadrupole instruments is 

based on four metal rods arranged in parallel. A radio frequency voltage is applied to the 

rods. Opposite rods have opposite potential. The resulting voltage field forces the ions on 

amplitudes through the quadrupole. The mass-to-charge ratio (m/z) can be calculated 

from the ion trajectories [65]. Single quadrupole instruments do not provide enough 

resolution to calculate a molecular formula from the obtained m/z ratio. Only with a list 

of suspected compounds, this MS is sufficient as identifying detector, since the assumed 

candidates can be confirmed against available standards. 

For NTS purposes, higher resolution instruments are required, e.g., time-of-flight (TOF) 

or orbitrap mass analysers. Since its launch in 2005, orbitrap technology has replaced 

several TOF instruments that were most commonly used until then [66, 67]. The basic 

operating principle is relying on outer electrodes and a central electrode on which 

voltages are applied. Ions are introduced in the gas phase between the outer and inner 

electrodes. The electric field resulting from the outer electrodes forces the ions to oscillate 

along the axis, while the inner electrode induces rotation. The trajectory of the ions can 

be described as circular spirals which can be mathematically converted into a mass 

spectrum via Fourier transformation [67]. Several technological advances made the 

orbitrap even more attractive for NTS. The possibility of pulsed injection via an external 

storage device, the so-called curved linear trap, decoupled the mass analyser from the ion 

source and was a prerequisite to introduce a fragmentation option. A higher-energy 

collision induced dissociation cell in form of a multipole was added to obtain structural 

information by fragmentation [67, 68]. To implement this advantageous mass analyser in 
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routine analysis and for research purposes, the orbitrap technology was produced in 

benchtop format as hybrid quadrupole-orbitrap instrument [68]. 

Since the orbitrap is superior compared to the single quadrupole concerning resolution, 

exact mass analysis, and fragmentation option, it is preferred in suspect screening and 

NTS. 

1.5. Diffusion susceptibility of silica gel layers 

NP-silica gel layers are most commonly used in HPTLC. Unfortunately, they are 

susceptible to diffusion due to long incubation times with aqueous bioassay media [27, 

69, 70]. State-of-the-art HPTLC–bioautography methods are based on immersion of the 

HPTLC plate into the cell suspension for a few seconds. Incubation of an immersed NP 

plate at nearly 100% humidity causes band broadening, zone distribution over the plate, 

and blurred signals [27, 70, 71]. Salts from bioassay and neutralisation buffers 

additionally promote these effects. 

Klingelhöfer and Morlock (2014) tried to counteract the problem by introducing a hybrid 

layer, the so-called wettable reversed phase (RP-18 W) HPTLC plate. As a result, they 

obtained sharp-bounded bands at the expense of sensitivity [71, 72]. To reduce the 

diffusion on NP layers, the immersion step was replaced by a spray-on technology, 

considerably improving the assay quality [69, 72]. By spraying, the cell suspension is 

applied in a more controlled fashion and a defined cell layer thickness on the planar 

chromatogram [72]. Nevertheless, signals are still blurred after the bioassay. 

For planar immunoassays, several washing and incubation steps are required in which 

the silica gel layer could flake from the support [73]. By fixation of the layer with a plastic, 

usually polyisobutyl methacrylate [74], the silica is kept stable throughout the procedure 

[73, 75]. Besides the layer stability through long incubation times, the impregnation with 

the plastic showed another advantage, in particular sharp-bounded zones on NP. Other 

options to modify the silica gel layer are polyethylene glycol or poly-D-lysine. Through 

chemical reactions of the silanol groups with the coating agent, a change in interaction, 

surface topology, and chemistry of the silica conferred biocompatible properties to the 

layer [76, 77]. Realising low-diffusion bioassays on NP plates is the prerequisite for 

multiplex assays. 
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1.6. Scope 

The lack of easy, information-rich, and highly-streamlined NTS strategies for bioactive 

ingredients in food initiated the development of new, innovative, fast, and 

multi-hyphenated techniques. To obtain the most comprehensive information possible, 

chromatographic, biological, biochemical, spectroscopic, and spectrometric methods 

were drawn from the analytical toolbox. A few of the main advantages of HPTLC were 

decisive for the use of this methodology as a basis for further hyphenations. First, HPTLC 

offers the possibility for high-throughput screening, second, the matrix robustness, and 

third, the variety in biological and (bio)chemical hyphenation options. As most NTS 

strategies exploit HRMS as an identification method, a direct hyphenation of HPTLC, 

(bio)assay, and HRMS was sought to be investigated. State-of-the-art HPTLC–EDA–HRMS 

experiments require doubled time, material, and effort. The aim is to simplify the 

commonly executed workflow. Bioactive zones should be directly eluted out of the planar 

(bio)autogram to an MS instrument. Saline (bio)assay media are co-transferred with the 

analytes from the plate causing interferences with ionisation and noisy backgrounds in 

MS recording. This fact makes the reduction in salt load an inevitable step to realise a 

direct coupling. The variety in possible HPTLC–EDA hyphenations demands a generic 

desalting before further analyses. To overcome the problematical occurrence of 

co-elutions, a second chromatographic step is desired. Up to now, HPTLC–EDA cannot be 

completely automated, which is why the subsequent identification analysis steps should 

be as automated and standardised as possible. New NTS multi-hyphenated workflows 

based on HPTLC–EDA–HRMS require therefore the simplification of the current 

workflow, online-desalting, automation, and a second separation technique to reach the 

ultimate goal of structure elucidation of unknown bioactive compounds. 

1.7. Progress achieved through multi-hyphenated techniques 

For elucidation of unknown bioactive compounds in food, it is essential to obtain as much 

information as possible. As already stated by Wilson and Brinkman (2007), “it is often 

necessary to have data from more than one spectroscopic technique” to identify a 

compound from complex mixtures [78]. Each information gained in the established 

multi-hyphenated workflows was denoted as a dimension. In this study, a comprehensive 

highly streamlined NTS strategy with up to twelve dimensions was developed which is 

presented in the following sections. The method is versatile and can be used both in 

routine and research, e.g., for monitoring of food quality and authenticity, discovery of 
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new drugs, or generally for the identification of unknown bioactive substances from any 

matrix. 

1.7.1. Establishment of an eight-dimensional hyphenation (Publication 1) 

The first multi-hyphenation resulted in an eight-dimensional (8D) workflow (Figure 2) 

arranged in the following order, i.e., separation on NP-HPTLC plate (1D), detection under 

white light illumination (Vis, 2D), UV light (UV at 254 nm, 3D), and fluorescence light (FLD 

at 366 nm, 4D), bioprofiling (5D), and subsequent heart cut elution, on-line desalting, and 

RP-HPLC separation (6D) with diode array detection (DAD, 7D) and single quadrupole 

mass spectrometry (MS, 8D) [53]. The dimensions 1D–4D are routinely performed in 

HPTLC analysis. By focusing on bioactivity (5D), antibacterial effects, or those stimulating 

the energetic cell metabolism of the marine A. fischeri bacteria, were screened in 

Cinnamomum verum and C. cassia. Once a biological effect is detected, it is of highest 

interest to identify the compound(s) responsible. As identification strategy, the 

dimensions 6D–8D were provided. The direct hyphenation of the first five dimensions 

with the following three turned out problematic. The transfer of the bioactive zone from 

the planar medium to RP-HPLC–DAD–MS was performed using an elution-based TLC–MS 

interface. Thereby, not only the analyte(s), but the saline and nutrient-rich bioassay media 

were eluted from the plate. Those media or buffers from biochemical and microbiological 

 

Figure 2. Schematic representation of the eight-dimensional hyphenation exploiting NP-HPTLC separation 

(1D), multi-imaging detection (UV/Vis/FLD, 2D–4D), bioassay (5D), heart cut elution, analyte 

trapping/online desalting, RP-HPLC separation (6D) with diode array detection (DAD, 7D) and mass 

spectrometric detection (MS, 8D), resulting in separation of the co-eluting cinnamaldehyde (CA) and 

2-methoxy cinnamaldehyde (2-MCA), and interference-free mass spectra [53]. 
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assays (5D) would interfere with ionisation and mass spectrometric detection (8D). Thus, 

salts and media components had to be eliminated before MS measurement. The very 

saline (approx. 45 g/L [79]) A. fischeri bioassay was selected to establish a desalting step 

between HPTLC and MS. 

For the reduction of MS interferences, four different approaches were tested: no desalting, 

desalting with an RP/ion exchange hybrid column, and with two different short guard 

columns (stationary material either capped with phenyl moieties or RP alkyl chains). All 

were mounted on a 2-position, 6-port switching valve as suggested by Fountain et al. 

(2004) [63]. Salt reduction capacities of the devices were determined by the elution of 

A. fischeri medium from a sample-free plate and comparison of MS total ion current (TIC) 

intensities in both polarity modes [53]. The RP guard column showed the best TIC 

reductions with −44.2% in ESI-positive ion mode, and −32.2% in negative ion mode, 

compared to non-desalted TICs. After the implementation of the RP guard column as a 

desalting device, the optimal elution solvent and time were evaluated. The selected guard 

column fulfilled two tasks simultaneously: trapping the analyte(s) on RP material while 

discarding the salts solved in the aqueous elution solvent. Since water has the greatest 

elution strength on silica gel plates, and a higher organic portion would cause analyte 

breakthrough, the best choice was 10% aqueous methanol as elution solvent. The 

duration of elution was set to 45 s, as enough analytes were transferred to give a strong 

signal response and breakthrough from desalting cartridge was kept minimal.  

As the example of cinnamon extracts showed, the orthogonal RP-HPLC separation proved 

to be reasonable. In the A. fischeri bioassay of the NP-HPTLC-separated samples, a 

dominant antibacterial zone near the solvent front was detected. To prove the 

functionality of the just established 8D hyphenation, it was aimed to identify this zone via 

RP-HPLC–DAD–MS. Results revealed two distinct signals of 2-methoxy cinnamaldehyde 

and cinnamaldehyde hidden behind this antibacterial zone. Both substances were 

retained at the same migration distance on the plate so it was impossible to assign the 

effect to one or the other. Standards confirmed that both contributed to the antibacterial 

effect detected in bioautography [53]. 

In conclusion, all information gained with the 8D workflow was essential to identify 

unknown substances exhibiting bioactivity. In this first multi-hyphenated pilot study the 

compounds identified were not unknown for cinnamon or their biological activity. 

Nevertheless, even more dimensions and better MS instrumentation would facilitate 

compound elucidation and identification. 
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1.7.2. Application field study using the eight-dimensional hyphenation (Publication 2) 

The functionality of the 8D hyphenation was shown for the A. fischeri assay and cinnamon 

as a sample. To prove the versatility and robustness, the workflow was transferred to 13 

other biochemical and microbiological assays and 68 botanical samples [28]. As the 

previously investigated mobile phase for the botanical screening contained 12% acid [80], 

a neutralisation step was integrated into the workflow directly before (bio)assay. 

Interpretation of the effect-directed analyses (EDAs) is summarised in Table 1. The 

variety of (bio)assays required different neutralisation agents, buffers, and substrates. 

Salt and nutrient load of the individual assays are plotted in Figure 3. A detailed 

description of (bio)assay materials, preparation, and volume applied onto 20 cm × 10 cm 

HPTLC silica gel 60 F254 MS-grade plates is given in Publication 2 [28]. Calculations were 

based on the total (bio)assay load applied onto the 20,000 mm2 area, and downsized to 

the given format of the elution head (2 mm × 4 mm), resulting in an overall area of 8 mm2 

of co-transferred analyte(s), neutralisation and (bio)assay salts, and nutrients.  

 

 

Figure 3. Calculated salt and nutrient load on a HPTLC silica gel 60 F254 MS-grade plate for respective 

(bio)assays. Salt load is given in µg per 8-mm2 zones, for neutralisation buffers and assay material (buffers, 

enzymes, substrates, dyes) respectively. Calculations were based on the experimental design described in 

the material and method section of Publication 2 [28]. For hormonal assays the amount of agonist stripe is 

negligible and calculations were made for 4-methyl umbelliferyl β-D-galactopyranoside as a substrate (*). 

SOS-Umu-C assay load was calculated with resorufin-β-D-galactopyranoside substrate and as it was 

performed on the thicker HPTLC silica gel 60 plates, requiring twice the volume, the amounts were halved 

for comparability (**).  
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Table 1. Interpretation of applied planar biochemical and biological assays (modified [25]). Chromogenic 

or fluorescent response depended on the used substrates (see Publication 2). 
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The 8D hyphenation showed robust and reliable results through all assays and media. 

Since the used MS instrument had only a single quadrupole mass analyser, the resolution 

was too low to calculate the molecular formula. Evaluation of obtained data was based on 

literature and database research. One of the following criteria had to be true for a tentative 

assignment of the signal to a respective compound: Either the spectral data (at least 

absorbance maximum and mass) matched any database, the compound was already 

described for the botanical, or the substance already proved to have the respective 

biological properties. Some of the tentative assignments were verified or rebutted against 

available standards.For further optimisation of a non-target screening strategy for 

bioactive unknowns in complex mixtures, the 8D workflow was improved by the 

application of an MS instrument with higher resolving power and fragmentation option. 

Moreover, the question arose, if bioactive compounds can unfold their effective potential 

after passage through the digestive tract, or if they were metabolised to a related, but 

inactive molecule. 

1.7.3. Ten-dimensional hyphenation for non-target screening (Publication 3) 

A combination of NTS, bioactivity studies, and identification of effect-compounds is highly 

desirable but still neglects human metabolisation pathways after oral administration [7, 

13]. Harsh conditions in gastrointestinal food processing, residence time, absorption 

capability, and solubility of bioactive compounds influence their effectiveness [7]. 

The incorporation of the recently established nanoGIT system [31] and the upgrade to 

HRMS/MS, expanded the workflow to ten dimensions (NP-HPTLC-nanoGIT+active–

UV/Vis/FLD–EDA–heart cut–RP-HPLC–DAD–HRMS/MS, see Publication 3, Figure 1) [81]. 

The change to another mass spectrometer required the development of a new HRMS/MS 

method. The first HRMS dimension was a full scan in polarity switching mode as usual for 

NTS strategies [82–84]. For fragmentation scans, four options were evaluated: all ion 

fragmentation, data-dependent MS2 (ddMS2) in Top5 mode, and variable or multiplexed 

data-independent acquisition. The advantages and drawbacks of each MS2 acquisition 

method were considered, and finally, the best agreement was rated with the ddMS2 mode. 

The newly developed ten-dimensional (10D) hyphenation provided the following 

information: 

1) Gastrointestinal on-surface metabolisation gave evidence about lipids, sugars, 

and proteins and whether these macronutrients were hydrolysed by the 

respective enzymes (lipases, amylases, and proteases). 
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2) Metabolic changes were tracked by NP-HPTLC separation. The observed RF values 

also provided relative details about substances’ polarity. 

3–5) The visualisation of the planar chromatogram revealed information about 

compounds with UV activity (UV 254 nm), native fluorescence (FLD 366 nm), or 

chromophores (white light illumination, Vis). 

6) Screening for bioactivity was realised with one of the proposed (bio)assays as in 

Table 1. In the presented cases concerning the 10D hyphenation, EDA particularly 

targeted AChE, BChE, α-, and β-glucosidase inhibitors, as well as substances 

affecting the energetic cell metabolism of the A. fischeri bacteria. 

7) After heart cut elution and online-desalting, an orthogonal information on 

substances’ polarity was obtained by means of the retention time on RP-HPLC 

column. 

8) The wavelength scan of the DAD gave evidence about absorbance maxima, and 

absorbance spectra in the wavelength range of 200–400 nm. 

9–10) Exact mass and fragmentation data were recorded by HRMS/MS from which a 

molecular formula was calculated and structural properties were derived. 

This workflow was applied to ten convenience tomato products in the matter of sauces or 

soups. The HPTLC layout allowed a side-by-side comparison of the bioactivity profile of 

metabolised and non-metabolised samples. Changes in bioactivity caused by intestinal 

metabolisation were determined with the five (bio)assays AChE, BChE, A. fischeri, 

α-glucosidase and β-glucosidase. The most emerging metabolic bioactivity change 

identified through all (bio)assays was caused by fatty acids as products of the digestion of 

triacylglycerols (TAGs). Lipases from the used pancreatic enzyme mixture hydrolysed the 

TAGs into glycerol and their respective fatty acids. Plant-based products revealed 

saturated and unsaturated long-chained fatty acids (≥C14), while products blended with 

cream or skim milk powder of animal origin, also showed short-chained fatty acids. The 

latter were only active in the A. fischeri bioassay. Other bioactive ingredients were found 

not to be affected by digestion, e.g. piperine, the main alkaloid from black pepper, which 

is active against the A. fischeri bacteria [81]. Beside the possibility to track metabolic 

changes, the most outstanding improvement of the 10D hyphenation, compared to the 

previous 8D version, is the opportunity to get structural information of the unknowns 

through tandem HRMS and thus enable an unambiguous substance assignment. 

  



  Introduction 

19 

1.7.4. Application field study using the ten-dimensional hyphenation (Publication 4) 

The recently developed streamlined and information-rich 10D workflow was applied to 

six highly-processed differently-flavoured meal replacement products. The totality of the 

data obtained led to the identification of 13 substances and proved the functionality and 

robustness of the new NTS strategy for bioactive compounds in foods [85]. 

Despite the miniaturised simulation of the intestinal digestion processes, resorption is 

still neglected. As an example, physostigmine, a known alkaloid from plants, is cited. The 

compound has pronounced AChE inhibitory potential but is only poorly absorbed by 

humans, while its synthetic analogue rivastigmine possesses better transepithelial 

permeability and is commonly used as a therapeutic agent against Alzheimer’s disease 

[34]. Various protocols describe analytic approaches to determine pharmacokinetics and 

resorption [86]. Embedding an additional dimension concerning the substance uptake 

through membranes would complete the comprehensive workflow. Other options to gain 

more dimensions and associated information are multiplexed assay formats, which allow 

the detection of several biological effects in a single run. 

1.7.5. Diffusion reduction permitting multiplexed assay formats (Publication 5) 

As stated already for the 8D hyphenation, the problem of analyte diffusion on NP plates 

still remained. Currently, planar yeast androgen/estrogen screens (pYAS/pYES), as well 

as their antagonistic (A) versions are performed on both plate types silica gel 60 and 

RP-18 W [27, 44, 69–72]. The latter is not prone to diffusion but is less sensitive compared 

to NP plates [22]. To overcome the diffusion susceptibility of NP plates and to further 

improve the workflow, several optimisations were investigated. For fixation of zones after 

chromatography, different coatings, i.e., poly-D-lysine, PEG 2000, PEG 8000, and a 

polyisobutyl methacrylate resin (Degalan), were investigated. Out of the tested agents, 

only Degalan showed a reduction in the observed zone diffusion. As vertical immersion of 

the plate in Degalan solution caused streaks when taken out and the solution was too low 

in viscosity to be piezoelectrically sprayable, the final coating procedure took place 

horizontally in a glass dish. The fixation of zones on NP plates was a precondition and 

crucial for the further development of the HPTLC–pYAAS bioassay procedure to a 

multiplex version.  

The bioassay pYAAS was already performed in a multiplex format to detect androgens 

and antiandrogens in parallel on one RP-18 W plate. Androgenic properties were 

determined as β-galactosidase activity, cleaving the non-fluorescent substrate 
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4-methylumbelliferyl β-D-galactopyranoside (MUG) in its fluorescent product 4-

methylumbelliferone (MU) and galactose [44]. In zones containing hAR antagonists, 

enzyme production was not triggered and a substrate conversion was missing. 

Antagonistic effects are therefore detectable as fluorescence-diminishing zones in an 

oversprayed agonist track. The reduction in fluorescence originated either from an 

antagonistic effect or from absorption properties of a substance. Since those two 

observations cannot be distinguished, a verification (V) for true antiandrogenicity was 

required. Verification was achieved by applying a second stripe of the fluorescing product 

MU parallel to the agonist (see Publication 5, Figure 1). If the fluorescence was reduced in 

both stripes, an absorbing substance was assumed (false-positive). A true antagonistic 

effect was stated if fluorescence reduction in the agonist stripe appeared, while MU stripe 

was non-fluorescent at this position. This design offered two more information that were 

about false-positives and synergists, which locally enhanced the fluorescence of the 

testosterone stripe but not of the MU-stripe. 

As proof-of-principle, 68 botanicals were screened for androgens and antiandrogens on 

RP-18 W, NP, and Degalan coated NP plates (fix). The twelve samples suspected to 

comprise antagonists were subjected to the verification procedure. Ten zones were 

verified to exhibit true antiandrogenic properties, while seven synergistic zones were 

determined. Those zones were further evaluated with heart cut–RP-HPLC–DAD–HRMS, 

resulting in 29 potential candidates responsible for the observed effects. The overall 

NP-HPTLCfix-UV/Vis/FLD–pYAVAS–FLD–heart cut–RP-HPLC–DAD–HRMS/MS hyphena-

tion resulted in twelve dimensions (12D), of which four are comprised in the multiplexed 

pYAVAS bioassay, namely androgens, antagonists, false-positives, and synergists [22]. 

1.7.6. Application field study for multiplexed estrogen screen (Publication 6) 

The previously established 12D hyphenation was transferred to the closely related pYES 

assay for the detection of estrogens, antiestrogens, false-positives, and synergists [87]. 

With this multiplex assay, even additive effects were distinguishable from synergistic 

effects, which is hardly achievable in common approaches [88]. With a modified 

mathematical analogy [89, 90], those two effects are described as follows. Additive effects 

are observed as two effective compounds (1) summing up their signal when applied in 

combination (1 + 1 = 2), while synergy yielded intensified signals by the combination of a 

non-effective compound (0) with an effective substance (1) to the equation 0 + 1 > 1 [87]. 

Further optimisations were realised with the alternative green fluorescent substrate 
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fluorescein-di-(β-D-galactopyranoside). It was preferred over the blue fluorescent MUG, 

because botanical samples showed less green native fluorescence than blue. For the first 

time, it was also considered that antagonistic responses could also be caused by cytotoxic 

properties which could not be proven or excluded by the verification stripe. Apoptosis of 

the yeast cells as a result of contact with cytotoxic substances automatically prevents 

β-galactosidase expression and ultimately leads to a lack of substrate conversion. 

Cytotoxicity was determined using resazurin as a dye. Viable cells irreversibly convert the 

blue dye via mitochondrial processes into the pink fluorescing product resorufin (Figure 

4, detectable at FLD 366 nm) [91]. Since the botanical samples contain 

fluorescence-diminishing pigments, cytotoxicity was evaluated in white light illumination 

(Vis) mode, where the positive response appeared as colourless on purple background 

(as depicted for the positive control menadion, Figure 4) [87]. 

With the 12D NP-HPTLCfix-UV/Vis/FLD–pYAVAS–FLD–heart cut–RP-HPLC–DAD–

HRMS/MS hyphenation, 17 hormonal active substances could be assigned to specific 

molecules of which only seven were known for their biological properties towards the 

estrogen receptor. Of the remaining ten, four were structurally related to known 

phytoestrogens and the other six had not previously appeared in an endocrine context. In 

conclusion, the 12D hyphenation showed the potential to assign hormonal effects to 

individual compounds, to distinguish between different hormonal effects, and to identify 

unknown hormonally active substances from complex mixtures. 

 

Figure 4. Irreversible mitochondrial conversion of the blue dye resazurin into its pink fluorescent product 

resorufin (modified [87, 91]), and corresponding NP-HPTLCfix–planar cytotoxicity (yeast)–FLD/Vis 

bioautograms. 
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8. Summary 

Most NTS strategies for food focus on adulterations to maintain the food quality and 

safety. Considering thousands of unknown compounds therein, data processing is 

necessary to properly handle the huge amount of data. If most features of the analysed 

food are rationalized by processing, how can we evaluate it as safe? Therefore, new NTS 

strategies should prioritise bioactive compounds which is only possible by 

interdisciplinary hyphenation of analytical chemistry and biology. As metabolic processes 

can alter the bioactivity of compounds absorbed into the human body, incorporating 

metabolomics would provide an utmost holistic approach. The developed 

multi-hyphenated eight-, ten-, and twelve-dimensional workflows proved to be excellent 

analysis tools for the identification of new bioactive compounds from complex matrices. 

The more information one could gain within a comprehensive highly-streamlined 

workflow, the easier the elucidation of an emerging bioactive unknown is. The basic 

screening procedure consisted of NP-HPTLC, multi-imaging, (bio)assay, heart cut elution, 

online-desalting, RP-HPLC, DAD, and mass spectrometric detection (8D). Information 

provided by this workflow includes polarity, chromophores, UV absorption capability, 

native fluorescing properties, bioactivity, absorbance, and mass spectra. Extensions were 

introduced with the nanoGIT+active system and HRMS with fragmentation option (10D). 

Further dimensions were feasible through multiplexed assay formats (12D) after the 

diffusion susceptibility of substances in the silica gel layer was reduced with a 

polyisobutyl methacrylate coating. Multiplexed assays for hormonally active compounds 

were capable to screen for agonists, antagonists, synergists, and false-positives within a 

single run. Combined with the previous dimensions, comprehensive information about an 

unknown structure is gained, ultimately leading to structure elucidation. In conclusion, 

the newly developed multi-dimensional workflows are applicable both, in routine and 

research. They could fuel drug discovery and pharmaceutical industry, and they can serve 

as quality control tools to ensure food safety and prevent food fraud. 

  



 

254 

  



  Zusammenfassung 

255 

9. Zusammenfassung 

Die meisten NTS-Strategien für Lebensmittel konzentrieren sich auf Kontaminanten, um 

die Lebensmittelqualität und -sicherheit zu erhalten. Bei Tausenden von unbekannten 

Verbindungen in Lebensmitteln ist eine computergestützte Verarbeitung der riesigen 

Datenmengen erforderlich. Wenn einige dieser Daten durch die Verarbeitung verloren 

gehen, wie können wir die Lebensmittel dann als sicher bewerten? Neue NTS-Strategien 

sollten daher den Fokus auf bioaktive Verbindungen legen, was nur durch eine 

interdisziplinäre Verknüpfung von analytisch-chemischen und biologischen Methoden 

möglich ist. Da Stoffwechselprozesse im menschlichen Körper die Bioaktivität von 

Verbindungen verändern können, würde die Einbeziehung der metabolischen Aktivität 

den Analyse-Ansatz vervollständigen. Die entwickelten acht-, zehn- und 

zwölfdimensionalen Arbeitsabläufe erwiesen sich als gutes Analysewerkzeug für die 

Identifizierung neuer bioaktiver Verbindungen aus komplexen Matrizes. Je mehr 

Informationen im Rahmen eines umfassenden Arbeitsablaufs gewonnen werden können, 

desto einfacher ist es, eine unbekannte bioaktive Substanz zu identifizieren. Das 

grundlegende Screening-Verfahren bestand aus NP-HPTLC, Mehrfach-Bildgebung, 

(Bio)Assay, Zonen-Elution, Online-Entsalzung, RP-HPLC, DAD und massenspektro-

metrischer Detektion (8D). Zu den Informationen, die dieser Arbeitsablauf liefert, 

gehören Polarität, Chromophore, UV-Absorptionsvermögen, native Fluoreszenz-

eigenschaften, Bioaktivität, Absorptions- und Massenspektren. Erweiterungen wurden 

mit dem nanoGIT+active-System und HRMS mit Fragmentierungsoption (10D) eingeführt. 

Weitere Dimensionen wurden durch Multiplex-Assay-Formate möglich (12D), nachdem 

die Diffusionsanfälligkeit der Kieselgelschicht mit einer Polyisobutylmethacrylatbe-

schichtung unter Kontrolle gehalten wurde. Multiplex-Assays für hormonell wirksame 

Verbindungen waren in der Lage, Agonisten, Antagonisten, Synergisten und falsch-

positive Ergebnisse in einem einzigen Durchgang zu ermitteln. In Kombination mit den 

vorhergehenden Dimensionen werden umfassende Details über eine unbekannte 

Struktur gewonnen, was letztlich zur Strukturaufklärung führt. Zusammenfassend lässt 

sich sagen, dass die neu entwickelten multidimensionalen Arbeitsabläufe sowohl in der 

Routine als auch in der Forschung anwendbar sind. Sie könnten die Arzneimittel-

forschung und die pharmazeutische Industrie voranbringen und als Qualitäts-

sicherungsinstrument zur Kontrolle der Lebensmittelsicherheit und zur Verhinderung 

von Lebensmittelbetrug dienen. 


