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SUMMARY

Vanillin is one of the most popular flavouring agents used in various food pro-

ducts, beverages, as well as in the pharma and perfume industry. With a high

demand for the supply of vanilla pods and the continuous increase in price, arti-

ficial vanilla flavouring agents of synthetic origin are nowadays highly reques-

ted [1]. With this application the components of different vanilla products can be

analysed. This is useful i.a. for the first screening concerning the authenticity.

INTRODUCTION

The high demand for vanillin far exceeds the supply
from all sources covered by vanilla orchids which are
the only source for the “real” vanilla flavour called
“Bourbon vanilla”. The high price of natural vanillin,
compared with that of synthetic vanillin, and the poor
availability are the reasons to produce vanillin via
chemical synthesis since the 1870s. These processes
use coniferin, guaiacol, or eugenol as a precursor [2].
Biotechnological processes like fermentation that use
ferulic acid and rice bran as precursors of vanillin are
relatively new. Biotechnologically produced vanillin is
much more cost intensive than chemically synthesized
vanillin. However, but the biotechnically produced
products are allowed to use the designation “natural
vanilla flavour”. Chemically synthesized flavours must
use the name “vanilla flavour”. Some substances from
the chemical or biotechnological manufacturing pro-
cesses are unwanted in food products due to nega-
tive health effects. This makes an analytical control

indispensable. These molecules as well as the pre-
cursors used in the chemical synthesis are appropri-
ate markers for the differentiation between synthetic
vanilla flavour and Bourbon vanilla extract. While an
exact statement about the origin of vanilla flavour is
only possible after complex analytical methods like
isotopic analysis, a first statement about the origin
of vanilla flavour is already possible by screening for
marker substances using HPLC methods. Therefore,
in this work ethanolic extracts of vanillin containing
samples are analysed to find marker substances as an
association for the origin of the flavour.

Here, 4-hydroxybenzoic acid, vanillic acid, and
4-hydroxybenzaldehyde were analysed in addition to
vanillin as typically occurring substances in Bourbon
vanilla extract. Furthermore, guaiacol, coumarin, and
eugenol were analysed as markers for synthetic vanil-
la flavour and unwanted precursors [3].
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RESULTS

A mixed standard of the seven compounds was used
for calibration. The separation of the standard was
achieved in under 4 minutes. All calibration curves
showed a good linearity with R2 > 0.9999. The detailed
concentrations for each level are summarized in Tab. 1.

Fig. 1 shows exemplarily the separation of the mixed
standard at level 3. Four different samples were ext-
racted and analysed: vanilla bean, bourbon vanilla
sugar, vanillin sugar, and vanilla baking aroma. All
samples were extracted with ethanol. The detailed
sample preparation is described in the additional
results section (Tab. A2).

Tab.1 Concentration of calibration levels and calculated LOD and LOQ

Fig.2 shows the chromatogram of the extracted
vanilla bean sample. The sample profile shows a high
amount of vanillin and as expected the marker subs-
tances for Bourbon vanilla origin.

4-hydroxybenzoic acid, vanillic acid and 4-hydroxy-
benzaldehyde were also measured. The total amounts
of vanilla compounds are summarized and calculated
in Tab. A1 (additional result section). Tab. 1 shows the
determined values for LOD (S/N=3) and LOQ (S/N=10)
for this method. The chromatograms of the other ana-
lysed samples are also displayed in the additional
section.

Level 1 Level 2 Level 3 Level 4 Level 5 LOD LoQ
Substance mg/mL mg/mL mg/mL mg/mL mg/mL S/N=3 in pg/mL S/N=10in pg/mL
4-hydroxybenzoicacid  0.014 0.028 0.056 0.070 0.140 0.860 2.860
4-hydroxybenzaldehyde 0.010 0.020 0.040 0.050 0.100 0.180 0.610
Vanillin 0.015 0.030 0.060 0.075 0.150 0.350 1.150
Guaiacol 0.023 0.046 0.092 0.115 0.230 1.310 4.380
Coumarin 0.014 0.028 0.056 0.070 0.140 0.240 0.800
Eugenol 0.022 0.044 0.088 0.110 0.220 1.010 3.350
Vanillic acid 0.010 0.020 0.040 0.050 0.100 0.630 2.100
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Fig.1 Mixed standard at concentration Level 3, 1) 4-hydroxybenzoic acid,
2) vanillic acid, 3) 4-hydroxybenzaldehyde, 4) vanillin, 5) guaiacol,

6) coumarin, 7) eugenol

Fig.2 Chromatogram of extracted vanilla bean, 1) 4-hydroxybenzoic acid,
2) vanillic acid, 3) 4-hydroxybenzaldehyde, 4) vanillin
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MATERIALS AND METHOD

Here, the AZURA® UHPLC system was used which con-
sisted of an AZURA P 6.1L HPG pump, an autosampler
AZURA AS 6.1L, a column thermostat CT 2.1, and an
AZURA MWD 2.1L. The flow was set to 0.5 mL/min at
a temperature of 40 °C. 1uL of the samples and stan-
dards was injected. Detection took place at 280 nm.
The mobile phase is a gradient composition of A:
water with 0.05 % trifluoracetic acid and B: acetonitri-
le with 0.1 % trifluoracetic acid. The column was fil-
led with Eurospher Il 100-2 C18A silica in a dimension
100x2 mm ID.
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CONCLUSION

According to the BLL guidelines for vanilla sugar and
vanillin sugar from 2007 [4], vanilla sugar is a mixture
of saccharose and crushed vanilla beans. Vanillin
sugar, however, is a composition of saccharose and
vanillin. Due to the calculated amounts in Tab. A1, the
analysed Bourbon vanilla sugar contains vanillin as
well as 4-hydroxybenzaldehyde, a marker for a natu-
ral vanilla flavour. The vanillin sugar on the other hand
contains more vanillin and also a high amount of guai-
acol which indicates its artificial/synthetic origin. The
vanilla baking aroma contained the highest amount
of vanillin but also residues of all other compounds.
Since for the analysed aroma no declaration of com-
position is necessary, it could contain natural vanilla
as well as synthetic aroma ingredients [5]. The shown
UHPLC method allows a first and fast quality control of
vanilla products regarding the marker substances for
synthetic or natural based extracts. Besides the iso-
topic analysis there are characteristic numbers, also
for HPLC analysis, that can be pulled to make a more
sophisticated statement about the vanilla origin, but
these were not considered in this application [6].
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ADDITIONAL RESULTS

Tab.A1 Calculated amount of vanilla compounds (in mg/g)

4-hydroxy- 4-hydroxy-
Sample benzoic acid Vanillic acid benzaldehyde  Vanillin Guaiacol Coumarin Eugenol
Vanilla bean 0.07 0.104 0.169 3.129 0 0.009 0.007
Bourbon vanilla sugar 0 0 0.015 0.195 0.205 0.003 0.01
Vanillin sugar 0 0 0 8.257 8.704 0.006 0
Vanilla baking aroma 0.017 0.005 0.123 16.533 0 0.019 0.017
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Fig.A1 Chromatogram of bourbon vanilla sugar,
1) vanillic acid, 2) 4-hydroxybenzaldehyde,

3) vanillin
5) coumarin

ADDITIONAL MATERIALS AND

Tab.A2 Method parameters

Column temperature 40°C

Injection volume 1L

Injection mode Partial loop

Detection wavelength UV 250 nm
Data rate 100 Hz
Time constant 0.01s

Tab.A4 Pump parameters

EluentA H,0,,+0.05 % TFA

EluentB Acetonitrile + 0.1 % TFA

Flow rate 0.5 mL/min

Pump program Time [min] % A % B
0.00 75 25
0.60 65 35
2.20 25 75
2.30 0 100
3.50 0 100
3.52 75 25
8.00 75 25

e 5 30 35
Fig.A2 Chromatogram of vanilla baking aroma,
1) 4-hydroxybenzoic acid, 2) vanillic acid,

3) 4-hydroxybenzaldehyde, 4) vanillin,
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Fig.A3 Chromatogram of vanillin sugar,
1) vanillin, 2) guaiacol, 3) coumarin

METHODS

Tab.A3 Sample preparation

Vanilla bean ~2 g of crushed vanilla bean was extracted with 4

mL ethanol

Vanillin sugar 1 g of sugar is extracted with 6 mL ethanol

Bourbon vanilla sugar 1 g of sugar is extracted with 4 mL ethanol

Vanilla baking aroma 1 mL(~ 0.83 g) of baking aroma is extracted with 4
mL ethanol

All samples were filtered through a 0.45 um syringe filter after extraction.

Tab.A5 System configuration

Instrument  Description Article No.

Pump AZURAP 6.1LHPG APH35GA

Autosampler AZURA AS 6.1L AAA10AA

Detector AZURA MWD 2.1L ADBO01

Flow cell Standard KNAUER LightGuide AMC19XA
UV Flow Cell Cartridge

Thermostat AZURACT 2.1 A05852

Column Eurospher I1 100-2 C18A, 100 x 2 mm ID 10BE184E2F

Software ClarityChrom 7.4.2 - Workstation autosampler A1670
control included

Software ClarityChrom 7.4.2 - System suitability A1677

extension (SST)

RELATED KNAUER APPLICATIONS

VFDO0136N - Comparison of compounds in Bourbon vanilla extract and

VFDO0073J - Determination of coumarin in cinnamon products

vanilla flavor
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https://store.knauer.net/shop/aph35ga-azura-r-p-6-1l-pump-hpg-stainless-steel-5-ml-min-for-uhplc-63174
https://store.knauer.net/shop/aaa10aa-azura-r-as-6-1l-analytical-autosampler-up-to-1240-bar-without-cool-heat-option-62886
https://store.knauer.net/shop/adb01-azura-r-mwd-2-1l-multiwavelength-detector-62918
https://store.knauer.net/shop/amc19xa-uv-flow-cell-cartridge-lightguide-analytical-10-mm-2-ml-sst-1-16-50-bar-up-to-5-ml-min-63033
https://store.knauer.net/shop/a05853-eluent-preheater-cartridge-for-azura-r-ct-2-1-id-0-18-mm-ca-8-ml-86417
https://store.knauer.net/shop/15je184e2j-eurosil-bioselect-300-10-c18a-column-150x20-mm-89018#attribute_values=,,,,,,,,,,,,,,,,,
https://store.knauer.net/shop/a1670-claritychrom-10-1-station-single-instrument-license-one-time-base-49392
https://store.knauer.net/shop/a1677-claritychrom-10-1-system-suitability-option-49437

