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Derivative Spectrophotometric Determination of Vanillin and
p-Hydroxybenzaldehyde in Vanilla Bean Extracts

Cristébal Carnero Ruiz,’ Antonio Heredia Bayona,’ and Francisco Garcia Sanchez™"

Department of Analytical Chemistry and Department of Biochemistry, Faculty of Sciences,
The University, E-29071 Malaga, Spain

Vanillin (4-hydroxy-3-methoxybenzaldehyde) and p-hydroxybenzaldehyde were determined by spec-
trophotometric derivative measurements in vanilla bean extracts. The method tolerates p-hydroxy-
benzaldehyde to vanillin ratios of 3:1 (w/w) with relative error below 5% in the determination of
vanillin. This method compares favorably with the official AOAC spectrophotometric procedure.
Relative errors of 0.70% and RSD’s of 1.0% are obtained.

The importance of vanillin for the flavor industry and,
consequently, its economic implications justify the numer-
ous analytical criteria proposed for the determination of
this and other compounds present in it. Moreover, the
amount of vanillin found in vanilla extracts is an index
as much of the product quality as of its origin. One author
showed a correlation between the wvanillin and p-
hydroxybenzaldehyde ratio contained in vanilla beans in
relation to their geographical origin (Juergens, 1981a).

Most of the analytical methods previously published
use one of several chromatographic methods: thin-layer
chromatography (Meili and Chaveron, 1976; Courcelles
et al., 1978; Rey et al., 1980; Jiang et al., 1987), gas chro-
matography (Lhuguenot, 1978; Tabacchi et al. 1978), lig-
uid chromatography (Guarino and Brown, 1985; Fayet
et al., 1987), and HPLC (Juergens, 1981b; Dalang et al.,
1982; Herrmann and Stoeckli, 1982). Particularly remark-
able is the work of Fraisse et al. (1984) who reported a
comparative study of three different analytical tech-
niques, liquid chromatography, gas chromatography, and
mass spectrometry, for the quantitative determination
of the vanillin contained in vanilla beans.

On the other hand, the fraudulent adulteration of vanilla
with synthetic vanillin (4-hydroxy-3-methoxybenzalde-
hyde), derived from wood pulp lignin, has been shown
by a method consisting of the determination of the rela-
tive isotopic composition of ®C (Krueger and Krueger,
1983; Fayet et al., 1987).

The current AOAC method (1984), mainly used by the
flavor industry to determine vanillin, consists of the spec-
trophotometric determination of the alkaline extract solu-
tion at 348 nm, where p-hydroxybenzaldehyde inter-
feres. This interference leads to greater vanillin values
that those expected.

The aim of the present work is the determination of
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vanillin in the presence of p-hydroxybenzaldehyde with-
out a previous separation. To achieve it, a graphic model
based on the interference-free character of the deriva-
tive amplitudes measured from an isodifferential point
in the base line to the break with the actual derivative
curve is proposed. This graphic model has been previ-
ously used with satisfactory results for the spectrofluo-
rometric and spectrophotometric determination of metal
chelates (Gracia Sénchez et al., 1987; Mérquez Gomez,
1988), pesticides (Garcia Sanchez and Cruces, 1988), and
phenolic acids (Garcia Sdnchez et al., 1988).

This paper describes a rapid assay for vanillin and p-
hydroxybenzaldehyde extracted from vanilla beans. The
quantitative determination of vanillin and p-hydroxy-
benzaldehyde in binary mixtures and comparative data
of the results of the determination of vanillin in vanilla
beans by the AOAC method are also given.

EXPERIMENTAL METHODS

Apparatus. Spectral measurements were made with a Shi-
madzu UV-240 Graphicord recording spectrophotometer in 1-
cm quartz cells. Instrument parameters: slit, 2 nm; scanning
speed, 3 nm/s; recording chart speed, 10 nm/cm. First-deriv-
ative ultraviolet spectra were obtained with a Shimadzu deriv-
ative spectrum with optional program/interface (Model OPI-
2), giving first to fourth derivatives, and X values of 1, 2, and 4
nm.,

Reagents and Solvents. Vanillin and p-hydroxybenz-
aldehyde were obtained from Sigma Chemical Co. Stock solu-
tions were prepared in ethanol and stored in amber bottles at
4 °C. Dilute aqueous solutions were prepared daily from these
solutions. Water was both distilled and demineralized. The
NaHCO,-NaOH buffer solution (pH 11.0) was prepared by mix-
ing appropriate volumes of 0.1 M NaHCO, and 0.1 M NaOH.
The pH 5 buffer solution was prepared from 1 M acetic acid
and 1 M sodium acetate. All solvents used were of analytical
reagent grade.

Analytical Procedure. An aliquot of standard solution con-
taining 1-5 ug/mL of vanillin and 0.5-4 ug/mL of p-hydroxy-
benzaldehyde was added to a 10-mL calibrated flask, followed
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Figure 3. Absorption spectra of vanillin (- - -) and p-hydrox-
ybenzaldehyde (—) at several different concentrations: vanil-

lin, 1, 2, 3, 4, and 5 ug/mL; p-hydroxybenzaldehyde, 0.5, 1, 2,
3, and 4 pug/mL.
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Figure 1. Absorption spectra at various pH values: (A) p-hy-
droxybenzaldehyde (2 X 107 M), (1) pH 3.00, (8) pH 11.02; (B)

vanillin (3 X 107 M), (1) pH 3.70, (8) pH 11.12.
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Figure 2. Absorbance—pH dependence of (1) vanillin (348 nm)
and (2) p-hydroxybenzaldehyde (330 nm).

by the addition of 3 mL of pH 11.0 buffer solution, and diluted
to the mark with deionized water. The first-derivative spec-
trum between 275 and 400 nm was recorded against a reagent

dA
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Figure 4. First-derivative spectra of vanillin (- - -) and p-hy-
droxybenzaldehyde (—). Concentrations as in Figure 3.

blank with AX = 4 nm, at a scanning speed of 3 nm/s. The
first derivative was measured in the absorbance change (dA)
scale from the corresponding isodifferential point (330 nm for
vanillin and 348 nm for p-hydroxybenzaldehyde) to the inter-
section with the first-derivative curve. The concentration of
vanillin and p-hydroxybenzaldehyde in a sample is found from
calibration graphs previously run under the same conditions.
Extraction Procedure. The vanilla beans were sliced and
weighed (1.32 and 1.49 g, respectively) before being placed in
the extraction cartridge. This was placed in a Soxhlet extrac-
tor with 250 mL of ethanol at 96 °C. After 2 h of flow-back,
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Table I. Characteristics of the First-Derivative Isodifferential Procedure
compound sg, dA S,, ng/mL Cy, ng/mL Cq, ng/mL error,® % RSD,? %
vanillin 8.0 X 1072 30 78 262 0.69 1.05
p-hydroxybenzaldehyde 1.4 x 1078 28 55 184 0.71 1.00
@ Error = 100ts/2v/n. ®* RSD = 100s/z.
Table II. Analysis of Synthetic Mixtures of Vanillin (A) and p-Hydroxybenzaldehyde (B)
vanillin, ug/mL p-hydroxybenzaldehyde, ug/mL
ratio A/B (w/w) taken found error,® % taken found error,® %
10:1 5.00 5.00 0.0 0.50 0.48 -4.0
71 3.50 3.60 +2.8 0.50 0.48 -4.0
5:1 5.00 5.04 +0.8 1.00 1.09 +9.0
4:1 4,00 3.95 ~-1.2 1.00 1.07 +7.0
3:1 3.00 2.87 -4.3 1.00 1.02 +2.0
2:1 4.00 3.95 -1.2 2.00 2.10 +5.0
1:1 3.00 2.94 -2.0 3.00 3.06 +2.0
1:2 2.00 2.00 0.0 4.00 4.09 +2.2
1.3 1.00 0.95 ~5.0 3.00 2.91 -3.0
1:4 1.00 1.10 +10.0 4.00 3.93 -1.7
1.5 1.00 1.10 +10.0 5.00 5.12 +2.4
1.7 0.50 0.58 +16.0 3.50 3.81 +8.9
1:10 0.50 0.60 +20.0 5.00 5.04 +0.8

@ Relative error.

Table III. Analysis of Vanillin Beans
vanillin®
bean vol of extr, uL. A B  p-hydroxybenzaldehyde A
1st 30 191 2.28 0.201
50 1.82 207 0.193
80 1.86 2.02 0.181
2nd 30 1.39 171 0.202
50 1.45 1.64 0.177
80 1.38 1.55 0.187

@ Percent calculated on fresh beans. A = Isodifferential proce-
dure. B = AOAC method.

the ethanolic extract was evaporated to dryness under reduced
pressure at 35 °C. Then, pH 5 buffer solution was added, and
after having been filtered, the resultant solution was diluted to
give 100 mL with the same buffer solution. From this solution
was taken 25 mL and added to 25 mL of ethyl acetate; this
mixture was shaken vigorously for 3 min and left to stand for
10 min. This extraction was repeated three times. The organic
phase was evaporated to dryness under reduced pressure at 35
°C. Then, ethanol was added to give 10 mL. Aliquots of this
solution were then analyzed according to the proposed analyt-
ical procedure.

Recoveries. To determine recoveries, simulated natural vanilla
was prepared by mixing small amounts of vanillin, p-hydroxy-
benzaldehyde, vanillic acid, and p-hydroxybenzoic acid to obtain
a total sample value in the range of natural vanilla.

RESULTS AND DISCUSSION

Because both spectral shape and relative absorbance
are affected by pH of the medium (Figure 1), a study to
determine absorbance-pH dependence was carried out.
From Figures 1 and 2 it may be inferred that greatest
sensitivity would be obtained between pH 10.0 and 11.0
and at wavelengths of 348 nm for vanillin and 330 nm
for p-hydroxybenzaldehyde. Satisfactory results were
obtained by buffering both solutions at pH 10.8.

Figure 3 shows the absorption spectra of two series of
solutions containing increasing concentrations of vanil-
lin and p-hydroxybenzaldehyde. As seen in Figure 3, the
absorbance maxima of both compounds are separated only
by 18 nm, and overlapping clearly occurs, from which a
separate quantitation is impeded.

The model used in the paper to discriminate between
the overlapping bands needs Beer’s law to be obeyed in

the full concentration range studied. This fact was proven
with both compounds.

Assuming that the derivative of a spectral band is equiv-
alent to the sum of the derivatives of its individual bands,
when dA4,/dX; = 0, the contribution of component 1 on
the overall derivative amplitude is zero and, conse-
quently, component 2 may be measured free of compo-
nent 1 interference. The same applies to the component
when d4,/dx, = 0.

From Figure 4 one gathers that the maximum sensi-
tivity would be obtained when the first-derivative ampli-
tude of component 1 is zero at the same wavelength at
which the first-derivative amplitude of component 2 is
maximal, This is satisfied when the first derivative of
component 1 is zero and the second derivative of com-
ponent 2 is zero at the same wavelength.

These considerations are of analytical interest because,
by an easy mathematical treatment, it becomes possible
to predict if two overlapping bands can be measured sat-
isfactorily by using the isodifferential derivative approach
(Garcia Sénchez et al., 1987).

Calibration Graphs, Sensitivity, and Precision.
Although the fulfillment of Beer’s law was of 0-10 ug/
mL for vanillin and of 0-7 ug/mL for p-hydroxy-
benzaldehyde, the calibration graphs were prepared by
plotting absorbance and dA against standard vanillin
between 0 and 5 ug/mL and p-hydroxybenzaldehyde
between 0 and 4 pg/mL. The equations obtained by the
least-squares method were dA = -0.0035 + 0.0267¢ (r =
0.999) for vanillin and dA = -0.0028 + 0.0490¢ (r = 1.000)
for p-hydroxybenzaldehyde, where ¢ is the concentra-
tion (ug/mL).

The sensitivity of the method is expressed as analyti-
cal sensitivity S, = s,/m, where s, is the standard devi-
ation of analytical signal and m is the slope of the cali-
bration graph (Navas and Sanchez, 1984). The preci-
sion of the method was determined by measuring the d4
of 11 separate samples, each containing 2.50 pug/mL of
vanillin or p-hydroxybenzaldehyde.

The detection limit, C;, (k = 3), and determination limit,
Cq (k = 10), are reported as defined by IUPAC (Long
and Winefordner, 1983). These analytical characteris-
tics are summarized in Table I.

Applications of the Method to Synthetic Mix-
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tures. To test the discriminatory power of the method,
this has been applied to the determination of both com-
pounds in synthetic mixtures with different concentra-
tion ratios. The results are indicated in Table II. It can
be concluded that p-hydroxybenzaldehyde can be deter-
mined in the presence of a 10-fold concentration excess
of vanillin, whereas vanillin can only be quantitatively
determined in the presence of a 5-fold concentration excess
of p-hydroxybenzaldehyde.

Analysis of Vanilla Beans. Two vanilla bean pods
acquired in a commercial food establishment were sepa-
rately submitted to the extraction procedure and fur-
ther analyzed by the proposed method. Inthe same man-
ner these samples were analyzed by the AOAC method
for the determination of vanillin only. In both cases, three
aliquots with different volumes (30, 50, 80 uL) of extract
have been used. The results are indicated in Table III.

The values obtained for vanillin by the AOAC method
are systematically greater that those obtained by using
the isodifferential procedure. This fact agrees well with
the results found by other authors using chromato-
graphic techniques (Guarino and Brown, 1985), and of
course, this is because of the p-hydroxybenzaldehyde pos-
itive interference. However, this interference has been
effectively avoided by the application of the proposed
isodifferential method.

On the other hand, although the amounts of vanillin
and p-hydroxybenzaldehyde change according to their
origin, the values found are in agreement with those pre-
viously reported by Fayet et al. (1987).

Recovery Assay. To evaluate the extraction proce-
dure, a simulated natural vanilla was prepared. Three
aliquots were separately submitted to the extraction pro-
cedure and analyzed by the proposed method. The results
showed that a recovery percentage of 85.98 + 5.76% for
vanillin and of 102.22 + 2.94% of p-hydroxybenzalde-
hyde had been obtained.

CONCLUSION

The results obtained by application of the isodifferen-
tial photometric method to the determination of vanil-
lin and p-hydroxybenzaldehyde in mixtures minimize cross-
interferences between these compounds, especially when
vanillin to p-hydroxybenzaldehyde ratios are in the 1:3
and 10:1 ranges. Spectral shape specifications of vanil-
lin and p-hydroxybenzaldehyde provide an adequate max-
imum absorption location for obtaining good results by
the application of the proposed procedure (Garcia Sanchez
et al., 1987). The analytical performances offered by the
method make it an alternative to the chromatographic
and AOAC recommended procedures.

ACKNOWLEDGMENT

_ We thank the Direccién General de Investigacién Cien-
tifica y T'écnica for supporting this study (Project PB86-
0247).

Registry No. Vanillin, 121-33-5; p-hydroxybenzaldehyde, 123-
08-0.

LITERATURE CITED

AOAC. Official Methods of Analysis, 14th ed.; AOAC: Arling-
ton, VA, 1984; Sections 19011-19013.

J. Agric. Food Chem., Vol. 38, No. 1, 1990 181

Courcelles, C.; Rey, S.; Carbonell, F.; Dupont, A.; Vandoorn,
M.; Zelbstein, D. Vanilla and Products with a Vanilla Test.
A New Development System for TLC. Ann. Fals. Exp.
Chim. 1978, 71, 121-128.

Dalang, F.; Martin, E.; Vogel, J. High-Performance Liquid Chro-
matography Study of Vanilla Flavors and Vanilla-Flavored
Food Products. Trav. Chim. Aliment. Hyg. 1982, 73, 371-
378.

Fayet, B.; Tisse, C.; Guerrere, M.; Estienne, J. Noveaux Critéres
Analytiques dans L’é¢tude des Gousses de Vanille. Analusis
1987, 15, 217-226.

Fraisse, D.; Maquin, F.; Stahl, D.; Suon, K.; Tabet, J. C. Ana-
lyze d’extraits de Vanille. Analusis 1984, 12, 63-71.

Garcia Sanchez, F.; Cruces, C. Spectrofluorometric Determina-
tion of Pesticide Residue Mixtures by Isodifferential Deriv-
ative Spectroscopy. Anal. Chem. 1988, 60, 323-328.

Garcia Sénchez, F.; Marquez Gémez, J. C.; Hernandez Lépez,
M. Isodifferential Derivative Approach to the Spectrophoto-
metric Determination of Nickel and Cobalt Mixtures. Anal.
Chim. Acta 1987, 197, 275-280.

Garcia Sanchez, F.; Carnero, C.; Heredia, A. Determination of
p-Coumaric and Ferulic Acids in Mixtures by Isodifferential
Derivative Spectrophotometry. Anal. Lett. 1988, 218 1243~
1257.

Guarino, P. A,; Brown, S. M. Liquid Chromatographic Deter-
mination of Vanillin and Related Flavor Compounds in Vanilla
Extract: Cooperative Study. J. Assoc. Off. Anal. Chem.
1985, 68, 1198-1201.

Herrmann, A.; Stoeckli, M. Rapid Control of Vanilla-Contain-
ing Products Using High-performance Liquid Chromatogra-
phy. J. Chromatogr. 1982, 246, 313-316.

Jiang, Z.; Han, M.; Chen, Y. Determination of Vanillin Content
by Thin-Layer Chromatography. Huaxue Shijie 1987, 29,
24~-217.

Juergens, U. Vanillin/p-Hydroxybenzaldehyde Ratio in Bour-
bon Vanilla. Lebensm. Ger. Chem. 1981a, 35, 97.

Juergens, U. High-pressure Liquid Chromatography Analysis
of Flavors: Studies of Foods Tasting of Vanilla. Deutsch.
Lebensm.-Rundsch. 1981b, 77, 93-96.

Krueger, D. A.; Krueger, H. W. Carbon Isotopes in Vanillin and
Detection of Falsified Natural Vanillin. J. Agric. Food
Chem. 1983, 31, 1265-1268.

Lhuguenot, J. C. Several Peculiarities in Tahitian Vanilla Extracts.
Ann. Fals. Exp. Chim. 1978, 71, 115-119.

Long, G. L.; Winefordner, J. D. Limit of Detection. A Closer
Look at the IUPAC Definition. Anal. Chem. 1983, 55, 712A-
724A.

Marquez Gémez, J. C. Métodos Luminiscentes en Medios Orga-
nizados. Modelo Isodiferencial para el Analisis de Mezclas
Multicomponentes. Ph.D. Dissertation, The University of M4l-
aga, 1988.

Meili, M.; Chaveron, H. Examination of Vanilla Extracts and
Products Flavored with these Extracts. Ann. Fals. Exp.
Chim. 1976, 69, 745-1756.

Navas, A.; Sanchez, F. Selective Determination of Trace Amounts
of Iron by a Kinetic Fluorimetric Method. Analyst 1984,
109, 1435-1438.

Rey, S.; Carbonel, Dupont, A.; F. Vandoorn, M. Quality Con-
trol of Vanilla. Ann. Fals. Exp. Chim. 1980, 28, 493-497.

Tabacchi, R.; Nicolier, G.; Garnero, J. Some Special Character-

istics of Tahitian extracts. Parfums, Cosmet., Aromes 1978,
21, 79-81.

Received for review December 29, 1988. Accepted July 10, 1989.



