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Abstract

Vanilla extracts are made by percolating or macerating chopped
vanilla beans in ethanol and water. The Food and Drug
Administration (FDA) has specific regulations for manufacturing
vanilla extracts. If a company follows these regulations, the
product is said to be a “Standard of Identity “product.

The Department of the Treasury's Alcohol and Tobacco Tax and
Trade Bureau (TTB) is responsible for regulating the use of
ethanol in products manufactured in the United States. One area
that falls within TTB's jurisdiction is the regulation of nonbeverage
products, which includes vanilla extracts. When a domestic
manufacturer produces a vanilla extract according to FDA
regulations the distilled spirits used in manufacturing are eligible
for drawback of most of the Federal excise tax paid on those
spirits.

A series of vanilla extracts were manufactured in the TTB
Nonbeverage Products Laboratory according to the FDA
regulations. The beans used in the extracts were grown in various
countries. Once manufactured, the extracts were analyzed using
gas chromatography and mass spectrometry. Different sampling
techniques were also investigated: headspace, solid-phase
microextraction and liquid injections.

The objectives of this study were to identify predominant
components and to determine if chemometric models could be
created so that they group the extracts by country of origin.
Chemometric models created with headspace sampling showed
that extracts cluster according to the year they were prepared. The
amount of vanillin present in the extracts is also reported for each
extract.

Extract preparation

Standard of identity for vanilla extracts requires one unit of vanilla
beans (13.35 oz at 25% moisture or 10.0125 oz dry weight) per
gallon. These extracts must have a minimum of 35% alcohol*.
Twelve vanilla bean types were obtained from industry members
and the percentage of moisture was measured by weighing a bean
before and after drying overnight at 100 °C (Table 1). The amount
needed for a two-fold extract was measured, beans were cut
(Figure 1) and were extracted with a solution of 45% ethanol/water
for 8 hours at 100 °F using the apparatus shown in Figure 2.

Figure 2 Extraction apparatus

Figure 1 Vanilla beans (whole and cut)
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Table 1 Description of vanilla extracts used in this study

Table 3 Library search reports for the extracts using headspace sampling

Table 5 Library search reports for the extracts using liquid injections
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*Suppliers of beans did not identify country of origin for Bourbon type
**PNG= Papua New Guinea

Once extracts were prepared, they were filtered and stored in
amber bottles. Aliquots of these extracts were analyzed
according to conditions described in Table 2. Examples of the
chromatograms obtained for extract # 5 with each sampling
technique are shown in Figure 3. Library search reports were
obtained using NIST library (version 2.0, 2005) and summaries
for all 12 extracts are shown in Tables 3-5 with the area
percentage (Area pct) for compounds detected with match
qualities above 80.

Table 2 Experimental conditions
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Table 4 Library search reports for the extracts

using solid phase microextraction (PA fiber*)

Principal component analysis of data collected with headspace
sampling indicated that the total variance captured with the first
three principal components was 97.91%. However, this high
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e o e e | percentage of variance captured did not appear to be related to the
) country of origin of the extract. Instead Figure 4 indicates that
. ==, extracts clustered according to the year they were prepared.
1 oar :: oo orzs Figure 4 Principal component analysis of HS data (4 replicas per extract).
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oz Vanillin content
omd ] A three point calibration curve was created using liquid injections. The
B = R B vanillin content of the 12 extracts was obtained using 3'4'-
P E o : (Methylenedioxy)acetophenone as internal standard. Results are
o : oo shown in Table 6.

Figure 3 Total ion chromatograms (TIC) for extract #5 using different sampling techniques
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* PA = polyacrylate fiber. No other fibers were studied since Sostaric? et al. found the PA
fiber to be the most efficient at extracting vanillin.

Table 6 Vanillin content obtained using liquid injection

Extract# Vanillin (ppm)

1 724
1412
1624
1611
1964
2678
1071
996
643
735
1810
1091
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Conclusions and future work

» Solid Phase Microextraction provided a simple and fast sampling technique that identified
62 compounds.

> Liquid injections required an extra step in the sample preparation (dilution with methanol)
in order not to overload the chromatographic column.

»Headspace sampling was the least sensitive. In some extracts only 4 compounds were
identified with a good quality match.

» The potential of discriminating extracts according to country of origin will be investigated
using data collected with  SPME sampling

> Future work includes addition of more extracts to this database plus analysis using liquid
chromatography.



