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The effect of the nature of the soil amendments on the main ar'omatlc
compounds in Vanilla fragrans beans.

Abstract — Introduction. Given the economic context in Réunion and the lack of reliable
information on the fertilization of vanilla, a study was carried out to compare the effect of dif-
ferent substrates available in the island on the growth of vines and bean yields. Highly sig-
nificant differences of vine growth and flowering induction between treatments were high-
lighted. The aim of the work presented was to study the effect of substrate composition on
the main aromatic compounds in the beans grown. Materials and methods. Eight soil amend-
ments were used to test the vanilla (Vanilla fragrans) production on soil-less substrates, grown
under shade houses. The beans were picked at the harvest stage (yellow colour). Beans of
vanilla grown using traditional cultivation methods were studied as control, After extraction,
four aromatic compounds (vanillin, vanillic acid, 4-hydroxybenzoic acid and 4-hydroxyben-
zaldehyde) were analysed with a HPLC method. Results and discussion. The bean aromatic
contents of the eight amendments used appeared not to be significantly different. However,
vanilla beans grown traditionally under wood appeared to display substantial qualitative dif-
ferences of vanillin and vanillic acid contents in comparison with those of the experimental
shade house plot. Conclusion. A next study would have to be undertaken 1o identify the
parameters responsible for the differences observed between these two types of vanilla culti-
vation. © Editions scientifiques et médicales Elsevier SAS
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Effet de 'amendement du sol sur les principaux composés aromatiques
de la gousse de vanille.

Résumé — Introduction. Etant donné le contexte économique de lile de la Réunion et le
manque d'informations fiables sur la fertilisation de la vanille, une étude a éé effectuée pour
comparer l'effet, sur la croissance des lianes et les rendements en gousses, de différents types
d'amendement disponibles sur l'lle. Des différences hautement significatives portant sur la
croissance des lianes et l'induction florale ont été mises en évidence entre les traitements. Le
but du travail présenté a été d'éudier I'effet de la composition de différents substrats de cul-
ture sur les principaux composés aromatiques des gousses. Matériel et méthodes. Huit types
d'amendement ont été testés vis-a-vis de la production de vanille (Vanilla fragrans) cultivée
en hors sol sous ombriéres. Les gousses ont été cueillies au stade de récolte (couleur jaune).
Des gousses de vanille cultivée de facon traditionnelle ont été utilisées comme référence. Apres
extraction, quatre composés aromatiques (vanilline, acide vanillique, acide 4-hydroxybenzoic
et 4-hydroxybenzaldehyde) ont été analysés par HPLC. Résultats et discussion. Les teneurs
aromatiques des gousses des huit types d'amendements utilisés n'ont pas présenté de diffé-
rences significatives. Cependant, les gousses de vanille cultivée de fagon traditionnelle en sous-
bois ont semblé montrer de réelles différences qualitatives de teneurs en vanilline et acide
vanilliques par comparaison avec celles des parcelles expérimentales sous ombriéres. Conclu-
sion. Une prochaine expérimentation devra étre entreprise pour identifier les paramétres
responsables des différences observées entre ces deux types de culture de vanille. © Editions
scientifiques et médicales Elsevier SAS
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1. introduction

The world production of cured vanilla
is approximately 2 000 t per year, with
production shared between Madagascar,
Indonesia and, to a lesser extent, the
Comoros [1]. China should shortly become
the fourth country on the market, with a
considerable production potential to judge
by the extent of soil-less culture established
[2]. Production costs are very low in these
countries in comparison with those in Réu-
nion. Given the very competitive economic
context, Réunion vanilla planters have
applied an intensification programme [or
vanilla (Vanilla fragrans) since 1994, based
on soil-less culture establishment with arti-
ficial shade and better conduct of soil
amendments, with the aim of improving the
productivity of vanilla vines. Even if the
industrial vanilla market seems compro-
mised for Réunion, the reconquest of the
local market by producing high-quality
household vanilla could be a significant
issue, if production costs can be reduced.

Not many works have been published
on vanilla, and many of them concern the
physicochemical analysis of black vanilla
beans and their extracts (3-5] or the dis-
tinction between natural and synthetic
vanillin [6-8]. The agronomic and physio-
logical aspects of the crop have not received
as much attention [9-12),

Given the economic context in Réunion
and the lack of reliable information on the
fertilization of vanilla, Cirad' set up a trial
to compare the effect of different substrates
available in the island on the growth of the
vines and bean yields. The study has made
it possible to show highly significant differ-
ences of vine growth and flowering induc-
tion between treatments [13, 14]. It was
therefore interesting to verify whether the
nature of the substrates also affects the
biosynthesis of aromatic compounds, espe-
cially as it was considered locally that
organic matter improved the vanillin con-
tent of beans. The purpose of this work was
to show the effect of substrate nature on the
main aromatic compounds in the beans
grown.
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2. materials and methods

2.1. plant material

The vanilla vines (Vanilla fragrans)used
in the study were those commonly grown
by Réunion farmers. They are not of a par-
ticular variety or cultivar as there is no local
distinction of this kind. The plant material
was supplied by Provanille, a.local organi-
zation for training the vanilla growers.

2.2, agronomic conditions

Two shade houses were constructed to
create a test block for the comparison of
eight treatments characterized by various
cultivation substrates, with eight repetitions
(table D.

These substrates were originally chosen
[13] to measure the nutritive requirements of
the vanilla plant and, in particular, the pos-
sible importance of decomposing organic
matter and fertilizer application and the
effect of the more or less ligneous nature of
the organic matter; too, they were chosen
to study the role of symbiotic fungi in the
decomposition of organic matter.

The shade houses were tunnel structures
covered with 60 % shade cloth. T-shaped
wooden stakes were used at a rate of one
per three cuttings. The cuttings were 1 m
long, chosen at random and planted in May
1994. Mist watering conditions were opti-
mized for satisfactory moistening of the
substrates and for the best possible limiting
of known fungal diseases. At weekly inter-
vals, two fungicides (fosetyl and benomyl)
were applied alternately throughout the
summer from October to April. A Basacote™
6 month (14-10-13) slow-release fertilizer
was applied at 100 g per plot in June and
February.

The flowers were pollinated manually
(ten flowers per inflorescence), in the morn-
ing, during the flowering period from Sep-
tember 10 December.

The beans were picked at the harvest
stage (yellow color) between May and August
and frozen at —18 °C to await analysis.

A batch of some 50 vanilla beans from
the Sainte-Suzanne region, north-east of the



island, was also obtained. This vanilla was
grown using traditional methods under nat-
ural shade on live prop-plants and with no
added substrate or fertilizer. It was used to
compare the levels of the natural bean aro-
matic compounds with those of the vanilla
grown experimentally on vines in shade
houses.

2.3. extraction of aromatic
compounds

The green beans were cut into pieces
and ground. A 15 g sample of the ground
preparation was weighed out, 20 mL dis-
tilled water added and the mixture ground
for approximately 1 min. The preparation
was recovered and made up to 75 g total
mass with distilled water. The mixture was
used for enzymatic hydrolysis of the glyco-
sylated precursors using a B-glucosidase
(Fluka, ref. 49290) by means of a procedure
derived from those of Brunerie [15] and of
Brodelius [16]. Incubation was performed
in a water bath at 35 °C, pH 5, for 1 h, and
agitated. The medium contained 50 mg
enzyme, i.e., 20 U.g~! green bean, enabling
total hydrolysis of the glycosylated precur-
sors. The mixture was filtered on paper and
500 pL filtrate was diluted to 1/50 in the
mobile phase and, finally, filtered again at
0.45 pm before HPLC analysis.

2.4, HPLC conditions

Analyses were performed with a Spectra
Series P100 apparatus (Thermo Separation

Aromatic compounds in Vanilla fragrans beans

Products) fitted with a 20 pL sampler and a
UV detector set at 254 nm. A Licrospher®
100 (Merck) RP18e (5 um) separation
column 250 mm long and 4 mm in diame-
ter was used; the temperature of the col-
umn was set thermostatically at 30 °C.

The mobile phase was a mixture of 35 %
methanol (MeOH) and 65 % phosphoric
acid (H;P0,) 1072 M. Flow on the column
was (.7 mL-min~!, i.e., a pressure of approx-
imately 135 bars.

The compounds were quantified using
the external standard technique with a cal-
ibration curve. The reference compounds
were supplied by Fluka (vanillin, ref. 94750;
vanillic acid, ref. 94770, 4-hydroxybenzoic
acid, ref. 54630; 4-hydroxybenzaldehyde;
ref. 54589). All these compounds were ana-
lytical grade.

2.5. determination of dry weight

The determination of dry weight was
performed by replacing a 5 g paste after the
first grinding of green vanilla, oven-drying
the sample at 60 °C for 24 h, then weigh-
ing it after drying.

2.6. determination of sample size

A batch of green vanilla beans was col-
lected at random in a local vanilla cooper-
ative and 30 of them were analysed indi-
vidually using the procedures described

Fruits, vol. 55 (1)
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above. The quantities of enzyme and water
added during the aromatic compound
extraction phase were proportional to the
weight of the bean examined.

Determination of sample size was per-
formed as follow.

We calculated the standard deviation (5)
of this population of 30 individuals for each
of the four compounds, and we considered
that sis the standard deviation of the whole
population.

The standard deviation s, of the popu-
lation of n individuals in the sample batch
15:

s, =s/\n ()

The value of s, must therefore be set in
order to determine #, the sample size, for
a precision p, in percentage of the mean m,
for a given probability. This can be writen:

m—pm<m<m+pm ()
In the case of a Gaussian distribution, we
can also write, for a given probability o:
M= 18, <mM<m+ 1,5, (3
where {, is given by the Student's tables.
From equations (2) and (3), it comes:
pm=t, s, ors, =pm/t,

n
Reported in equation (1), it comes:
n=(1,s/ pm?

As the p value cannot be lower to the
repeatability of the extraction and the HPLC
analysis of the compounds, we calculated
this one based on ten extractions using the
procedure described. The measured repeata-
bility (coefficient of variation or CV) is
respectively 9.4, 10.9, 11.4 and 14.9 for

vanillin, vanillic acid, 4-hydroxybenzalde-
hyde and 4-hydroxybenzoic acid. So, pwas
set at 15 %, which was the least good result,
to provide better security in sample size cal-
culation.

For & = 0.95 and n > 30, ¢ is approxima-
tively equal to 2 and # can be calculated. If
n calculated is lower than 30, we used the
correspondant ¢ value in the Student’s table
to recalculate n. Step by step it is possible
to approximate the » value with the corres-
pondant t value.

3. results and discussion

The results obtained from the batch of
30 beans analysed individually (table ID
show that the minimum number of beans n
that should be sampled with a precision of
P =15 % varied from 8 to 33 beans accord-
ing to the compound. The marked varia-
bility of wvanillic acid concentrations
(CV = 37.8 %) and 4-hydroxybenzaldehyde
(CV = 42.6 %) in the batch considered will
be noted (table IT), These results were used
to set the sampling size at 30 beans per plot
when it was possible to achieve satisfactory
reliability.

In contrast, with an idea generally
accepted by vanilla growers, no correlation
was observed between the vanillin content
and the bean length (figure 1).

The substrate added to the soil strongly
affected the number of beans collected
(table ITD, confirming previous results con-
cerning the number of inflorescences
[13-14].
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The number of 30 beans chosen as sam-
ple size was not always attained, as in treat-
ments 1, 2, 4, 5 and 7, for instance. These
treatments consisted of vines that had a
poor development in the substrates used
and whose general appearance (short, thin
vines, yellow colour) displayed obvious

Aromatic compounds in Vanilla fragrans beans

deficiencies. In contrast, the vines in treat-
ments 3, 6 and 8 were vigorous and dark
green, which meant a good development
on the substrate considered.

The distribution by class of each com-
pound (figures 2, 3, 4, 5) makes it possible
o plot a practically symmetrical Gaussian

Fruits, vol. 55 (1)



Figure 1.
Relation between vanillin
content and bean length.

Figure 2.

Distribution of the repetitions
of eight treatments testing

the use of different soil
amendments for vanilla
cultivation, according to
classes of bean vanillin content.
The treatments T1 to T8 are
those presented in table /.

E. Odoux et al.

curve, and the coefficients of variation
(table IV) are of the same order of size with
that of the repeatability of extraction (15 %).
In contrast, the coefficients are lower than
those in the batch of 30 beans analysed indi-
vidually, atleast for vanillic acid and 4-hydro-
xybenzaldehyde compounds (table 1. 1t
therefore seems that the different plots form
a relatively homogeneous group regarding
the concentration of aromatic compounds.

Analysis of the distribution of treatments
within the classes shows that most of the
repetitions (5 out of 8) of treatment 8 (1/3
slag + 2/3 bagasse compost + slow-release
fertilizer) produced vanilla beans whose

Fruits, vol. 55 (1)

vanillin content was in the 3.95 to 4.40 %
concentration class (figure 2), higher than
average. The repetitions of the other treat-
ments are spread over all the classes. Like-
wise, the vanillic acid content is higher than
average in 6 out of 8 cases in treatment 8
(figure 3). A similar remark could be made
concerning  4-hydroxybenzaldehyde in
treatments 5 and 7 (figure 4), but with
reserves since few repetitiogs gave beans
and, in addition, in numbers that were much
too small to make up a representative sam-
ple. Finally, no treatment seemed to show
any trend of this type for 4-hydroxybenzoic
acid (figure 5). These observations confirm
the homogeneity of the group of plots. Only
treatment 8 seems to stand out slightly from
the other treatments in the vanillin and
vanillic acid concentrations, but this does
not seem to be very significant,

Even if the batch of vanilla grown tradi-
tionally in under wood has not been a part
of the block trial, it is interesting as the
results obtained (table IV) confirm a set of
analyses performed on black vanilla after
preparation (unpublished results). Indeed,
although the 4-hydroxybenzoic acid and
4-hydroxybenzaldehyde concentrations were
very close to the averages observed in the
shade house vanilla, this was not the case
for vanillic acid and vanillin, whose con-
centrations were distinctly lower. It would
obviously have been interesting to study
several batches of under wood vanilla from
different regions and different farmers to
confirm or not the differences observed.

4. conclusion

The study set up in Réunion in 1994 to
compare the nature of the substrate used in
vanilla growing has revealed spectacular
agronomic differences [13-14], especially in
the induction of flowering. After 3 years of
crops, the effects can be observed on the
number of beans harvested according to
the treatment (although pollination forms a
further bias). In contrast, the results pre-
sented do not show differences between
treatments in the concentration of the four
main aromatic compounds in the beans, or
the differences observed are of low signifi-
cance from the scientific point of view
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(although no reliable scientific verdict sup-
ports these results) and even less from the
commercial point of view. The nature of the
substrate does not therefore seem to affect
the biosynthesis of the main aromatic com-
pounds present in the beans although the
vanilla vines themselves displayed marked
physiological differences in behaviour.

Conversely, vanilla beans grown tradi-
tionally in under wood appeared to display
substantial qualitative differences in com-
parison with those of the experimental
shade house plot. The differences cannot
probably be ascribed to the absence of
organic matter or fertilizer. This point
deserves to be confirmed for a subsequent
attempt to identify the parameters respon-
sible for the differences in the biosynthesis
of vanillin and vanillic acid.

However, this type of soil-less cultivation
with artificial shade has many advantages
in comparison with traditional techniques:
earlier flowering, faster vine growth, better
yields, less labour time (especially for pol-
lination), the possible extension of produc-
tion zones, etc.
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Efecto de las enmiendas en los principales compuestos aromaticos
de la vaina de vainilla.

Resumen — Introduccion. Dado el contexto econdmico de la isla de la Reunion y la falta
de informacion fiable acerca de la fertilizacion de la vainilla, se efectud un estudio para com-
parar el efecto, en el crecimiento de bejucos y los rendimientos de vainas, de diferentes tipos
de enmiendas disponibles en la isla. Se evidenciaron diferencias muy significativas entre los
tratamientos que afectan al crecimiento de bejucos y la induccion floral. El objetivo de dicho
trabajo era estudiar el efecto de la composicion de diferentes sustratos de cultivo en los prin-
cipales compuestos aromdticos de las vainas. Material y métodos. Se probaron ocho enmien-
das para la produccién de vainilla (Vanilla fragans) en cultivo hidropénico sombreado. Las
vainas se recolectaron en la fase de cosecha (color amarillo). Se emplearon como referencias
vainas de vainilla cultivadas de forma tradicional. Tras exiraccion, cuatro compuestos aroma-
ticos (vanilina, acido vanillico, dcido 4-hidroxibenzoico y 4-hidroxibenzaldehido) se analiza-
ron mediante HPLC. Resultados y discusiéon. Los contenidos aromiticos de vainas de los
ocho tipos de enmiendas empleadas no presentaron diferencias significativas. Sin embargo,
las vainas de vainilla cultivadas de forma tradicional en sotobosque parecen presentar dife-
rencias cualitativas de contenido en vanilina y dcidos vanillicos con respecto a los valores de
las parcelas experimentales bajo sombra. Conclusién. Habra que realizar un experimento para
identificar los parimetros responsables de las diferencias observadas entre estos dos tipos de
cultivo de vainilla. © Editions scientifiques et médicales Elsevier SAS
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