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..Important to save time and money...
W HPLC

It is the hairline on top of TLC!

Why CCCM is so important!
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...hot to end like this! Food Science B

Justification of instruments? What an effort for the radish harvest!

Lucky you, to have HPTLC
as option!

Loriot’s Grosser Ratgeber, 1968

If all you have is a hammer, everything looks like a nail. . masiow
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& Multi-detection in situ
» Effect-directed analysis (EDA)

Physical detection

Microchemical detection Detection by()i&assays

1 Type of reagents

Radiometry Biochemical detection (BCD)

Visualization

I Universal reagents [ Immunostaining

?

Vaporization Group-specific reagents Enzyme inhibition
Physisorption Reagen! sequences . . "
ool L i " Microbiological detection
pH-Indicators Mode of application QU
Lipophilicity T — Direct bioautography
Image capture and T Reprint/contact bioautogr
conversion I~ in situ (start zone)
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Optomechanical scan Printing
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Absorption (200-800 nm)

UVNVIS spectra

G. Morlock, W. Schwack, J Chromatogr A (2010) 6600-6609
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Entrance lense
system Monochromator
(concave, holographic grating)
Lamp selector
» Tungsten/halogen / o
. Deuterium / Swiveling lens system for
/ TLC and HPTLC plates

* Mercury high pressure ' o
(macro & micro position)

Disk with l
slit apertures

Reference
photomultiplier (PM)

Beam splitter

Measurement

Yot

Plate
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\
® Monochromator -A\ \

V' ap Converter>

| — |

Light source
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Mercur}/ Normallzeq scale: !ntensny of
| mercury lamp is more intense in real!
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Bioquantification: Bacterial response is measured

Aborption measurement at 546 nm (mercury lamp)




Discover natural antibiotics!

The YouTube link is coming soon

Ciprofloxacin (CIP) —

Documentation with the TLC Visual lizer at UV 366 nm

.
Made in Germ

JLU

M. Jamshidi-Aidji, E. Hauck, G. Morlock, 2016, JLU Giessen


https://www.uni-giessen.de/fbz/fb09/institute/ernaehrungswissenschaft/prof/lmw/News
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M. Jamshidi-Aidji, G. Morlock, J Chromatogr A 1420 (2015) 110-118
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Spiegel
® Monochromator 4\

Lichtquelle

A/D Konverter
Verstarker
Inverter

Anderung der Wellenlange =

DET




Two modes

Selected spectra

| [EecEat mstedspes

Sesatipeens |

Sotnt o pocro| [ G

Conelation | e

Identity

N
N

-
O
—

S S
\ J

U
v
r

Purity

100.0

[AU]

a0

Spectra comparison (identity) i

2000

T
250

T T = T
250.0 2750 3000 [nm]

00
3500

4 [[*]\ Spectrum General £ Spectrumscan A Specirum list ) Spectral display /

THE DREAM OF THE SPECTROCHEMIST

TO LOOK

UNDER THE LINE

a0
=00
0
w0
0
a0
200
e
100
@0 00 o0 700 en “0a
it £ Spectralspiay hPurtty /
400
200
0.0
100
on




JUSTUS-LIEBIG-

. UNIVERSIT;RT
Spectra recording GIESSEN J

Food Science

A Sample corr. = A Sample ~ A Lamp A Background

Difference to spectra in solution
" no solvent

= adsorbed on the layer

Note

e compare spectra at similar concentrations!
« dependend on SP (RP, NP)

» dependend on MP and pH
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M. Jamshidi-Aidji, G. Morlock, in submission



HPTLC-Bacillus subtilis: antibiotics in Salvia

JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN

Food Science

303.09993 0 319.13058
3A i 3B [M+Nal*
3 [M2+NaJ+ o 1
90 301.08352 ‘ 90
B [M1+NaJ* 0 E
80 Na 803
1 © :
e o o THT = 7o
=i 0 o} 1
2607 | B.SO—_
é 503 o o g 50_5 Solven flow - HRMS
P | Na Na [ E
8
£ 3 ® ® c ]
= 40q = 403
S DHT MDHT T
c 7 c 3
D30 S 30— Antimicrobial zone
aod »od
20 302.08686 304.10249 204
1 | E
104 104
fir,vu’.wm-vl»v, vvvvv e rr,—w.l,-m—‘-wa;m-mvuv-vv-wilmv..%,—nvvfwv—"({o‘nm 0=y s aaa s L e AR L L A e L A e A AR aAs LA s
300 302 304 306 308 m/z 100 200 300 400 500 m/z
317.11477
65 C 301.08355 10 D
. +
3 [M+Nal] [M+NaJ"
904 9
80 8
—_ —_
= 707 270 e
EE g3 Ho
2 60 £ S
2 2
£ 507 0 £" 0
= 1 [M-CH2+0+Na]* = TIB Na
c 407 c 4 ®
2 303.06274 g‘
v 30 3 + +
] [M+O+Na] [2M+Na]
20_; 302.08683 2 333.10937 —
104 10
G:‘ | L1, l l o \ll‘lxllluuuu il on g n
| BAALARAL RAA2 Lidd REAS MAA2 idd RAAI RALE LAY LAbdd hAb2 AAdd MAdd hAS2 hikd AR hAM hikd bbbt Labd bidd bAM Mk RAdd bid ) LAAAS RAM BRI | LRAR] LA AL | RARE LAR RAS] RARS RALE AAR] Lid2 AA] Ridd LASI ] T Tieey
299 300 301 302 303 304 m/z 200 300 400 500 600 m/z

M. Jamshidi-Aidji, G. Morlock, in submission
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HPTLC-Bacillus subtilis: antibiotics in Salvia e am

CT standard

v 9]

AR 29\ng/band
" |_CIP 40 ng/band

Signal intensity [AU]

IC;, of CT: 65 ng/zone — 447 ng S1 and 246 ng S2 root powder (%RSD 7-9%, n = 4)

M. Jamshidi-Aidji, G. Morlock, in submission




JUSTUS-LIEBIG-
UNIVERSITAT

HPTLC-Bacillus subtilis: antibiotics in Salvia o= "e
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M. Jamshidi-Aidji, G. Morlock, in submission
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Artificial neural network — HPTLC

Artificial Extracted features

neural network 4b. Reconstruction into a new format
One new channel for each hidden unit

Hidden layer of binary units

4a. Calculation
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s
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D. Fichou, G. Morlock, in preparation




Artificial neural network — HPTLC
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Original
|

Original - Red channel

Original - Green channel

Original - Blue channel

1 Epochs - 4 hidden units

5 Epochs - 4 hidden units

1

1 Epochs - 8 hidden units

5 Epochs - 8 hidden units

1 Epochs - 16 hidden units

1 Epochs - 32 hidden units

5 Epochs - 32 hidden units

10 Epochs - 4 hidden units
1

10 Epochs - 8 hidden units
1

5 Epochs - 16 hidden units
I

10 Epochs - 16 hidden units
1

)

10 Epochs - 32 hidden units
i

20 Epochs - 4 hidden units
1

20 Epochs - 8 hidden units
1

20 Epochs - 16 hidden units
1

20 Epochs - 32 hidden units
|

50 Epochs - 8 hidden units

50 Epochs - 32 hidden units

50 Epochs - 4 hidden units
1

50 Epochs - 16 hidden units
T

D. Fichou, G. Morlock, in preparation
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Artificial neural network — HPTLC toms sacrce B

D. Fichou, G. Morlock, in preparation
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Entrance lense
system Monochromator
(concave, holographic grating)
Lamp selector
» Tungsten/halogen / o
. Deuterium / Swiveling lens system for
/ TLC and HPTLC plates

* Mercury high pressure ' o
(macro & micro position)

Disk with l
slit apertures

Reference
photomultiplier (PM)

FLD: Mercury lamp!

Beam splitter

Measurement

ond

FLD: Filter before PM to block excitation wavelength Plate




Fluorescence — Filter types

Edge filter Monochromate filter

% Transmission
% Transmission

400 nm 400 nm




Wavelength combination

266/M365 nm 365/M436 nm 436/M578 nm  366/>400 nm
8 ” | By BaP
L BbF
w M |
A Bghif > |
" (W
n' Per
3t i |
i = £
Q- - N BbF 21l 53
! '_ wP
8—. . . . " .
° L v v 1J J U k | --u ar 5 4 ;F |
St St | _ ?‘,f

H. Jork, W. Funk, W. Fischer, H. Wimmer: Thin-Layer Chromatography, volume 1a and b,
J I_ U VCH Weinheim 1990 and 1994.
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Fluorescence measurement — direct signal

® Monochromator

Light source




HPTLC-FLD — high detectability

L I : 0.0
5 ITX DTX
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G. Morlock, W. Schwack, Anal Bioanal Chem 385 (2006) 586-595
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Bioquantification: Yeasts response is measured

Fuorescence measurement at 366/>400 nm

(mercury lamp)
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Detection of estrogen-effective compounds

HPTLC-pYES fluorescence signal intensity [AU]

Migration distance [mm)

pg/band
El 25 —1000
EE2 05-20
E2 0.5-20

E3 25—-1000

I. Klingelhofer, G. Morlock, J Chromatogr A 1360 (2014) 288-295


http://commons.wikimedia.org/wiki/File:Nonylphenol.png
http://commons.wikimedia.org/wiki/File:Estradiol.svg
http://commons.wikimedia.org/wiki/File:Ethinylestradiol.png
http://commons.wikimedia.org/wiki/File:Estron.svg
http://commons.wikimedia.org/wiki/File:Estriol.svg
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1 Parallel separation 2 Bioassay application 3 Mass spectrometry

Any estrogens *
in samples?

Estrogens are in! Which ones?

Bicautography 4 h  Content &

— LC-bioassay-MS workflow for 20 samples in parallel within 5 h (15 min per sample)

— Wine

I. Klingelhofer, G. Morlock, in preparation
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Discovery of estrogen-effective compounds

— Spices — Beer samples

B
} ' h s !i ||I lill
1 2 3 4 A‘ ] \
P Y || | | |

Kostrizer Guinness Licher Porter Karlskrone

I. Klingelhofer, G. Morlock, J Chromatogr A 1360 (2014) 288-295



Estrogen-effective compounds in beer?

Workflow

G. Morlock and I. Klingelhéfer, 2016, JLU Giessen


https://youtu.be/Q7AGuljcFvQ
https://youtu.be/Q7AGuljcFvQ
https://youtu.be/Q7AGuljcFvQ

Discovery in surface/waste water

Inten OH ™R e
“a /\L 271,23 [M-H] y
P H :
ENQOL
4 HO
e
=
54 374,35
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aeaadsraelannniy

q . " ALJ. ll‘%‘L L - il

100 200 300 400

Substance Hob o
[ng/L] [ng/L]

E2 1.0 2.5

EE2 25 5.0

El 4.3 15.0

E3 75.0 250.0

BPA 1.6 x 10° 5.0 x 10°

NP 15.0 x 10° 65.0 x 10°

100 150 200 ol 309 350 00

I. Klingelhofer, G. Morlock, Anal Chem 87 (2015) 11098-11104



http://commons.wikimedia.org/wiki/File:Estradiol.svg
http://commons.wikimedia.org/wiki/File:Estron.svg
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Bioquantitation (by microorganisms’ response) ........68

Content [ng/L] E2 El E3
STP influent 10.1 40.5 98
6.7 17.6 nd

3.1 12.4 nd

4.9 36.4 150

12.6 49.7 210

STP effluent (x5) nd nd nd
Liickebach 1.6 20.5 nd
8.3 12.7 nd

Flachsbach 6.6 16.6 nd
nd nd nd

Wetter (x2) nd nd nd
Weidgraben 2.1 11.6 nd
x 4.9 nd

Wieseck (x2) nd nd nd

I. Klingelhofer, G. Morlock, Anal Chem 87 (2015) 11098-11104
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DPPH* reagent - radical scavenging test

: : . . : ABTS reagent - radical scavenging test

Microchemical derivatization 0° =
Bleaching of B-carotene - antioxidant test

Pseudokirchneriella subcapitata

Algae
Candida albicans
Trichophyton rubrum
Cryptococcus neoformans
Fungi Cladosporium cucmerinum

Apergillus niger

Colletotrichum
acutatum/gloeosporioides/fragara

Pseudomonas savastanoi

TLC/HPTLC-EDA = Microbiological detection Bacillus subtilis

Alitvibrio fischeri

Escherichia coli

Bactena
Pseudomonas syringae
Xanthomonas campestns
Erwinia carotovora/herbicola
Cryptococcus neoformans

Yeast Planar yeast estrogen screen (pYES)

(Cholin)esterase assay

w/B-Glucosidase assay

J L l l Biochemical assays Xanthine oxidase assay
Tyrosinase oxidase assay

G. Morlock, ACS Symposium Series 1185 (2013) 101-121
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MWL with both modes (absorption and fluorescence)

for evaluation of a track?

How to use track subtration?




JUSTUS-LIEBIG-

UNIVERSITAT
ﬁ GIESSEN

Multi-wavelength scan Food scicnce
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Ml Track 3 Start wavelength: [200
ML Track 10

‘Wavelength increment - [10

MWL Track 11
= Erd wavelength : [300
[A] M Track 12
[A] ML Track 13 Measurement 3 4 5 ] 7 3
[ WL Track 14 Wavelength
-0 Lamp D2 AW D2 &W D2 & W D2 &W D2 AW D2 &W
G [l 2006m
Measurement typs Remission Remission Remission Remission Remission Remission
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HAAS In meat MR h.

Flarrigtirejer
spiked sample
sample

P PhIP coom

1400

1200 o

200 o

400 o

200 o

" 0.0 1:;h 2I;I.IZI SEI.CI 400 EI;I.IZI [mlm]

J L U U. Jautz, G. Morlock, Proceedings of 51t ICOMST Baltimore (2005) 1342-1348
U. Jautz, M. Gibis, G. Morlock, J Agric Food Chem 56 (2008) 4311-4319




").; tlﬁ.

Hi A\
-,//4
=4

/
>
7

17 Red rice samples
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Citrinin
FLD 313/5400 nm
3‘60r ng/band

Lovastatin
UV 238 nm

30-600 ng/band

l. Klingelhofer, G. Morlock, in preparation
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Lovastatin acid Rubropunctamin Measurement wavelength 238 nm
| Backgound wavelength 588 nm

— subtracted result

o1 Coelution

N L L E

l. Klingelhofer, G. Morlock, in preparation
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Determination

Recovery Reproducibility | Lab precision

(%RSD,L=3) | (%RSD,]=5)

coefficient R?

(n = 5, ng/band) (L=3,1=5) (%)

109,3 + 2,8
Lovastatin 0,9998
) 200 105,7 + 5,8 3,0 5,5
acid (25— 500)
400 102,9 + 3,8 2,4 3,7
80 114,7 + 5,2 1,6 4,5
i 0,9999
Lovastatin 200 111,3 £ 7,7 2,7 6,9
(25— 350)
400 110,6 = 4,9 3,3 4,4
8 113,5 +11,1 2,2 9,8
e 0,9989
Citrinin 20 120,0 + 6,8 3,3 5,7
(2,5-50)
40 101,4 + 2,9 2,2 2,9

l. Klingelhofer, G. Morlock, in preparation
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Influence of measurement parameters?
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—— Slit length:
Bands 70 - 80 %
Spots 120 %
S #

' slitwidth:

the higher, the better the light intensity,
but the worse resolution

Interested in latest results?
T. Habe, G, Morlock: Challenges in quantitative HPTLC — Part 1.
Influence of densitometric settings on the result,

J. Planar Chromatogr. 28 (2015) 426—435




Infuence of scan speed and resolution

160 1 ——1 mm/s at 25 um/step
[AV] ME EE PE BE ——1mm/sat 200 um/step
140 - ——100 mm/s at 25 um/step
——100 mm/s at 200 um/step
120 -+
100 -
80 -
60 - /I /i
40
20
O T T T T U
15.0 20.0 25.0 30.0 35.0 40.0 [mm]
Scan speed Scan speed FWHM Increase [%] Peak Shift [mm]
at1 mm/s at 100 mm/s from 1to 100 mm/s | from 1to 100 mm/s
Resolution [um/step] 25 200 25 200 25 200 25 200
FWHM pHB-ME [mm] 2.2 2.2 2.3 2.3 5.4 5.0 0.5 0.4
FWHM pHB-EE [mm] 2.3 2.3 2.4 2:5 4.7 5.6 0.5 04
FWHM pHB-PE [mm] 2.4 2.4 2.5 2.5 5.1 5.0 0.5 0.4
FWHM pHB-BE [mm] 2.3 2.3 2.4 2.4 6.2 4.8 0.5 0.6
Mean values 2.3 mm 2.3 mm 2.4 mm 2.4 mm 5.4% 5.1% 0.5 mm 0.5 mm

T. Habe, G. Morlock, J. Planar Chromatogr. 28 (2015) 426-435
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» Higher signal intensities in resolution mode of the optical system
compared to light mode

« Peak broadening for higher scan speeds whereby signal height
decreased significantly

» Peak area evaluations more robust with regard to changed settings

« Moderate scan speeds of 5 or 10 mm s

« Data resolution of 25 or 50 ym step™

Of course, minor impact!

T. Habe, G. Morlock, J. Planar Chromatogr. 28 (2015) 426-435
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Open source web application for multivariate analysis
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mlz 255, pinocembrin
= miz 269, galangin

“ M4: miz 271 pinobanksin

(mlz 271, naringenin)
- ml/z 179, caffeic acid

Coumaric acid, m/z 163
(Naringenin, m/z 271)
Caffeic acid, m/z 179

Chrysin, m/z 253 mliz 253, chrysin

Kaempherol, m/z 285 4 mlz 285, kaempherol

(Quercetin/ellagic acid, m/z 301) miz 301, quercetin/ellagic acid

Apigenin, m/z 269 ml/z 269, apigenin

G. Morlock, in preparation
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Blue type of propolis Orange type of propolis
* - N | I Ea. 4 lENE . I
23 - g3
§ - 5§ -
£3x - = g
8§ 1o T T T T T 8 1 T T T T T
00 02 04 08 08 10 00 02 04 08 08 10

RF RF

D. Fichou, P. Ristivojevi¢, G. Morlock, in submission
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'TLC software: open-source web application ... &

The rTLC link iIs coming soon

A Blue channel D Grayscale
eB ® B
LX) ®0
V. .
3 Yoo 3 o)
& Rt o *Fe
] ‘e - e3
A = 4
s ":‘-‘ S - 8t
g . a : ..
=
2
PC1 (40.99%) PC1 (32.59%)
B Loading plot PC1 E Loading plot PC1
i, ‘ =
E° E A —
C Loading plot PC2 F Loading plot PC2

Intensity
02 ar a0
Intensity

o

D. Fichou, P. Ristivojevi¢, G. Morlock, in submission



https://www.uni-giessen.de/fbz/fb09/institute/ernaehrungswissenschaft/prof/lmw/News
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Quantification after direct bioautography (DB)

...bloassay medium, substrate and cells are present




DB-DART-MS

BE
miz 1931
1,0
ohne Bioassay
PE

081 A, fischeri miz 179.1
_ EE ME
& miz 165,1 miz 1521
L]
S os
=
-
£
5
£ 04

02

0.0 —

1,00 1,25 1,50 175 2,00 235 2,50 275 Zeit [min]

Signal decay [%]
A. fischeri pYES
ME 88 65
EE 89 67
RE 90 76
BE 91 81

T. Habe, G. Morlock, in preparation
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) Amount in sample [mg/100g]

0 100 Sample 1 Sample 2

ME EE PE|ME EE PE BE
without NP | 103 56 30 |165 75 37 65

BioAssay RP | 97 59 34 |147 65 30 67

DB-DART-MS
A. fischeri NP | 96 51 27 |173 69 24 53

RP |101 51 27 |157 59 27 59

T. Habe, G. Morlock, in preparation [oYES RP |111 53 31 |170 60 26 &2




Upgrade in 2015
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G.E. Morlock, g&more 1 (2014) 43-47, modified
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Latest news on structure elucidation...
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Quality control of pigment formulations oo gﬁ‘

Two batches of the
same supplier Pigment Y12 from different suppliers

--------------------------------------------------------------

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

oo - MWL track 7 .
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2000
‘. —— . . — Main separation

oo 82 oo area for coatings
0.1 - and binders

y _&- T T Py oo

020 0.00 1 2 3 4 5 6 7 8 9

C. Stiefel, Dietzel, S., Endress, G. Morlock, J Chromatogr A 1462 (2016) 134-145; in cooperation with Siegwerk
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@ rrrrrrnnnnannang ﬁnd solvent . separation ......... isolation characterization .................................................................... >

1 2 3 -

> UV/vis/FLD spectra
TLC scanner
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> — . 9
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—— HRMS MSn
' TLC interface | '
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I. Ylce, G. Morlock, J Chromatogr A, in print
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Fast structure elucidation using 2 plates oot siencs B

— Focused band via AMD2 separation on 0.5 mm preparative plate

b
L I A A A A - H H
D H 6 5 4 ON:"’
1
7 3
8 2 0
10
E H 9 11
H H Ov\q/
B A S
c 1: C11H7O3'
[a BCDEF HDO CH,D
g 58888
8 6 4 2 0 [ppm]

I. Ylce, G. Morlock, J Chromatogr A, in print
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Fast structure elucidation using 2 plates oot siencs B

—

— High target amount via selective solvent extraction (factor of 9)

l. Yce, G. Morlock, J Chromatogr A, in print




HPTLC-HRMS and -MS/MS of unknown
Polarity Negative ‘L""“_l .

Measuring range [m/z] 50-210 Cutting edge 1 1
Spray voltage [kV] 3.3 Zanies
Capillary temperature [°C] 320
Gas Nitrogen -
sa007 [M-HT i 1305012 [M-CO,-H
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‘ 3-Hydroxy-2-naphthoic acid

I. Ylce, G. Morlock, J Chromatogr A, in print
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« Special feature: track subtraction

* Influence of parameter settings

« Bioautography — sharpness — quantitatively (bioquantification)
« Bioautogram-DART-MS — quantitatively

« Data treatment — artificial neural network improves quantification
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International Symposium

High-Performance
Thin-Layer
Chromatography

Food Science

International
S\II‘T\[:!O'_'-‘aium

for HPTLC BASEL
Switzerland
06-08 July 2011

This symposium informs
scler\tisc':i and students® about
gential of High*
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Simple can be harder than complex:
You have to work hard ...

to make it simple.

+ 1 =

¢

Chelsea Pieroni
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Instead of working hard,
select the proper method

to make analytical life easy.

Right decisions stop chains of troubles and costs

at the very beginning.
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