
COMPARISON AND INTEGRATION OF ANALYTICAL METHODS FOR THE 

CHARACT ERIZATION OF VANILLA CHEMISTRY  

by 

STEPHEN J. TOTH 

 

 
 A Dissertation submitted to the  

Graduate School-New Brunswick  

Rutgers, The State University of New Jersey  

in partial fulfillment of the requirements  

for the degree of  

Doctor of Philosophy 

Graduate Program in Food Science 

written under the direction of 

Dr. Thomas G. Hartman 

and approved by 

________________________ 

________________________ 

________________________ 

 ________________________ 

 

New Brunswick, New Jersey 

January, 2012



 

ii  
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Dissertation Director: 

Professor Thomas G. Hartman 

 

 

There is a need for an analytical method to establish a universal criterion for 

quality of cured vanilla bean. The chemistry of vanilla, one the worldôs most popular 

flavors is extremely complex. As such, no single analytical technique can fully 

characterize it. Commercially, vanilla is analyzed for many reasons including 

flavor/aroma quality, authenticity, geographic sourcing, concentration of vanillin and 

other major components, adulteration, contamination and quality defects. Furthermore, 

vanilla for analysis may be present in various forms such as alcoholic extracts or whole 

beans which present analytical challenges.  

In this research an integrated analytical approach was used for the analysis of 

whole beans and extracts which spanned volatile and semi-volatile components. An 

improved high pressure liquid chromatography (HPLC) analytical method was developed 
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for routine analysis of vanillin and other phenolics in vanilla extracts resulting in lowered 

costs, greatly reduced analysis time and reduced solvent usage. A series of headspace 

concentration techniques including solid phase microextraction (SPME), headspace 

sorptive extraction (HSSE) and dynamic headspace were used to pinpoint a common 

sour, fermented off-odor quality defect in commercial Bourbon vanilla beans. Indicator 

compounds for microbial fermentation including fusel oil, microbial transformation 

products and depletion of flavor precursors were identified. Each headspace method has 

its own advantages and disadvantages. The sensitivity and selectivity of each method was 

manipulated to reveal individual clues of the off-odor. The combination of all three 

techniques gave detailed insight into the source of the defect. An improved direct thermal 

desorption gas chromatography mass spectrometry (DTD-GC-MS) method was 

developed to enhance resolution. Vanilla beans from Tanzania were analyzed for the first 

time using the improved DTD-GC-MS method and were found to contain very high 

concentrations of vanillin. Additionally, analysis of Bourbon, Indonesian, Ugandan, and 

Tahitian vanilla beans by the new DTD-GC-MS method revealed several new 

compounds in each that were not previously reported. Several novel compounds 

identified in a wild type vanilla bean previously by DTD-GC-MS including anisyl 

anistate, anisyl myristate and anisyl palmitate were synthesized to confirm the structure 

and GC-O was employed to evaluate their sensory properties. 
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1.  Introduction  

Vanilla is the most important and popular flavoring material in the world.  It is 

also one of the most expensive flavoring materials.  Recent data estimates the value at 

$80,000 USD per ton (Havkin-Frenkel and Belanger, 2008).  Vanilla is the fully grown, 

edible fruit of tropical climbing orchids Vanilla planifolia Andrews (syn. Vanilla 

fragrans Ames.) and Vanilla tahitensis Moore.  Harvested before fully ripe, the fruits are 

exposed to a multi-step curing process before bring extracted to produce the much 

desired flavoring and perfumery additive. 

 

Vanilla is often described by the layperson as being ñplainò or unremarkable due 

to the ubiquitous use of vanilla and vanilla flavored and fragranced products.  However, 

specialists involved in the vanilla industry, flavorists and perfumers who can appreciate 

the complexity of vanilla know it is anything but ñplainò.  Vanilla has a characteristic 

odor and taste as a result of a combination of hundreds of individual volatile and semi-

volatile compounds working in harmony on the senses.  

 

The use of vanilla is not limited to a simple flavor and fragrance additive.  The 

main constituent of vanilla is vanillin.  Vanillin has been shown to have medicinal, 

antimicrobial and anti-cancer properties.  Current research in the medical field is 

investigating vanillinôs properties as a cancer preventative agent (Ho, 2009), and it has  

been reported that vanillin is an effective inhibitor of red blood cell sickling in patients 

with sickle cell anemia (Bythrow, 2005).  Vanillin has been shown to have antimicrobial 

activity both in the extract form as well as the plant and vine (Shanmugavalli, 2009).   
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The aroma of vanilla has even been shown to have a calming effect on newborns when 

familiarized with the odor (Rattaz, et. al, 2005). 

 

This orchestra of compounds in vanilla has been the focus of research for years.  

As technology has evolved and produced more sensitive equipment and techniques, more 

has been learned about what makes vanilla, well, vanilla.  From the original isolation of 

vanillin in 1858 by Gobley, to the Headspace Gas Chromatography research by Klimes 

and Lamparsky in 1976, to the Direct-Thermal-Desorption ïGas Chromatography-Mass 

Spectrometry by Hartman, et al. in 1992, as the instrumentation has progressed, so has 

our knowledge into the depths of vanilla.  

 

1.1 History 

 Vanilla fragrans is native to the coast of eastern Mexico, and other parts of 

Central America.  In the early 1500ôs, Hernando Cortez and his army of conquistadors 

arrived in Mexico to establish trade with the Aztecs.  One of Spanish officers, Bernal 

Diaz, was the first to observe the Aztec emperor Montezuma drink ñchocolatlò which was 

a beverage made from ground cacao seed and vanilla or ñtlilxochitlòbeans (Correll, 

1953).  Later, as legend would have it, Cortez himself would be served this very drink by 

Montezuma in a golden goblet.  Upon returning to Spain with treasures of gold, silver 

and other valuable items, Cortez introduced vanilla to the rest of the world.  The 

Spaniards began importing vanilla beans in the late 1500ôs and established factories for 

the processing of vanilla flavored chocolate. 
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 Although not well documented, the vanilla plant was taken to Europe during the 

initial trading phase but did not flourish (Purseglove, 1981).  In 1807, Mexican vanilla 

was reintroduced to the scientific community by the Marquis of Blandford and 

successfully cultivated in England by Charles Greville (Childers & Cibes, 1948).  From 

the initial cultivation by Greville, cuttings were distributed to the botanical gardens in 

Paris and Antwerp.  From the Antwerp collection, cuttings were further distributed to 

Indonesia, Reunion, and Mauritus (Purseglove, 1981).  The plants grew well in their 

native tropical environment, but without the melipona bee, a natural pollinator for vanilla 

found in Mexico, the vines failed to produce fruit.  It wasnôt until 1836 when Charles 

Morren of Liege discovered an artificial means to pollinate the vanilla flower that vanilla 

beans were produced outside of its native Mexico.   Later in 1841, a slave named 

Edmond Albius discovered method to hand-pollinate vanilla in Reunion which allowed 

the commercial production of vanilla to flourish.  Immediately after vanilla was 

successfully pollinated and processed in Reunion, it was spread throughout the tropics 

and became an important fruit of commerce. 

 

1.2 Botany 

 Vanilla is a climbing orchid native to tropical climates.  There are 107 species of 

vanilla (Arditti, 2009), of which 54 are native to tropical America.  Vanilla belongs to the 

orchid family, Orchidaceae, which is the largest family of flowering plants with over 700 

genera and 20,000 species (Purseglove, 1981).  Many orchid species are grown for their 

flowers, but vanilla is the only orchid that produces a commercial fruit.  The most 

commonly grown vanilla of economic importance is Vanilla planifolia (Andrews)  
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Figure 1-1:  Vanilla plant with pods 

 

 

Source:  http://giniann.files.wordpress.com/2006/03/vanilla 
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and V. tahitensis J.W. Moore. 

 

 V. planifolia is a fleshy, herbaceous perennial vine which can climb to height of 

10-15m using its roots as an anchoring system.  The roots are long, whitish and aerial 

with a diameter of approximately 2mm.   The stem is long and cylindrical with a dark 

green color.  The leaves are flat and fleshy and are typically 8-25cm long with a width of 

2-8cm.  The flowers of the vanilla vine are large (10cm in diameter) and pale green-

yellow.  There are three sepals which are 4-7cm long.  The two upper petals are similar to 

the sepals, but are smaller in size.  The lower petal, or labellum, acts as a lip.  There is a 

concave sticky stigma which is separated from the stamen by the rostellum (Purseglove, 

1981). 

 

1.3  Climate & Soil Conditions 

 Vanilla thrives in warm, tropical climates from 25° north of the equator to 25° 

south.  The preferred temperature range is 21-32°C with an average of 27°C.  Annual 

rainfall requirements are 70-90 inches per year (Ranadive, 1994).  The vanilla vines 

require a drier climate for 1-2 months in order to flower (Correll, 1953).  The rainfall 

should be distributed evenly over the remainder of the year.  The optimum location for 

vanilla vines is on gently sloping terrain.  This allows adequate drainage of the soil which 

prevents fungal infection.  The soil should be light and porous, neutral to slightly acidic, 

and be covered by a thick layer of mulch or humus (Guzman, 2004).  Vanilla grows best 

at elevations up to 700m. 
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Figure 1-2:  Longitudinal section of a vanilla flower 

 

 

 

 

Source: www.vanillandflavors.com 
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1.4  Propagation, Pollination & Harvesting 

 Vanilla vines can be grown from seeds or propagated from cuttings of existing 

vines.  Commercially, vanilla is propagated from stem cuttings around 30cm long as 

seeds can be difficult to germinate (Guzman, 2004).   Cuttings of this length will produce 

flowers in 3-4 years if properly cared for.  Cuttings of 8-10 nodes are preferred.  After 

cuttings are planted, flowers begin to bloom in the third year.  Once the vine reaches 7-8 

year old, a maximum in flowering occurs.  After 9-10 years of age, the vine does not 

flower and therefore, holds no commercial value (Correl, 1953; Purseglove, 1981).  The 

lif e-cycle of the vines can but cut short by disease such as root rot, drought conditions, 

over pollination and improper soil conditions and vine supports (Childers, 1948). 

 

 Vanilla vines require support in order to thrive.  Supports can be in the form of 

wooden or metal lattices, metal or porous cement poles, and more commonly, low 

branching trees.  The trees are preferred in order to provide support as well as shade.  In 

addition, certain fruiting trees can provide the vanillery with an additional source of 

income.   

 

 Healthy vanilla vines produce flowers once a year over a 1-2 month period.  The 

flowering period is dependent on geographical location.  Several conditions can affect 

whether or not the vanilla vine blossoms including drought, age, climate, training of the 

vines and pruning techniques.  The flowers blossoms for only one day and pollination 

must take place during this time.  The flower opens early in the morning and closes in 

early afternoon.  The physical structure of the orchid flower prevents self-pollination and 
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therefore it must rely on natural pollinators or artificial pollination to produce fruit.  In 

Mexico, the melipona bee has been identified as a natural pollinator along with 

hummingbirds.  However, commercial vanilla vines are exclusively artificially pollinated 

by hand. 

 

 The hand pollination technique is performed by using a small sliver of wood.  

Holding the flower in one hand, the labellum in pushed down to expose the column.  The 

stamen cap is set aside using the wooden stick which reveals the pollinia.  Next the 

rostellum is pushed up under the stamen using the stick which allows the pollinia and 

stigma to touch each other using the thumb and forefinger.  Once in contact, the pollen 

mass adheres to the stigma and the ovary is stimulated.  If successful, the fertilized ovary 

becomes a small pod which grows to full size in 6-8 weeks.  If unsuccessful, the flower 

will  fall off the vine within a day (Purseglove, 1981). 

 

 Typically, only flowers on the lower side of the vine are pollinated.  This allows 

the fruits to hang vertically during the growth period and produces straight beans which 

are considered to be of higher quality. 

 

 In 1836, flowers were successfully hand-pollinated in Belgium at the Liege 

Botanical Gardens by Charles Morren (Arditti, 2009).   It was in 1841 when a slave 

named Edmund Albius is fabled to have developed the technique, independent of the 

scientific community and it publishing.   There is a good possibility that several people  



 

 

9 

 

 

Figure 1-3:  Illustration of hand-pollinat ion technique 

 

 

Source: (Fouche & Couman, 1992) 
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independently discovered the hand-pollination technique around the same time.  As the 

world was trying to pollinate vanilla for commercial trade, many people were working on 

this at the same time.  Simultaneous discoveries are very likely.  However, whomever 

takes credit for the initial discovery, it cannot be overlooked that Edmund Albiusôs 

discovery on the island of Reunion enabled the vanilla industry to thrive on Reunion as 

well as other French establishments in the region such as Madagascar, Seychelles and 

Tahiti (Ecott, 2004). 

 

 The time between pollination and harvesting ranges from 6-9 months depending 

on geographic conditions.  The beans are harvested by hand when they reach maturity.  

Some indications of bean maturity on the vine are a slight yellowing of the blossom end 

while the rest of the bean remains green, a color change of the bean from dark green to 

light green, a loss of shine or luster of the pod, and a visible and distinct line from one 

end of the fruit to the other (Purseglove, 1985; David, 1950).  It is critical to harvest the 

fruits at the correct stage of maturity.  If harvested too early, the beans will produce an 

inferior product.  If harvested too late, the beans are likely to split during the curing.  The 

curing process should commence within one week of harvesting to produce a high quality 

product.  

 

1.5  Major Types of Vanilla 

 Vanilla beans differ by species, geographical region, curing processes as well as 

year-to-year variation of the same region and/or species.  Given that certain regions  
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Figure 1-4: Geographical regions that commercially produce vanilla 

 

 

 

 

 

 

Source: (Havkin-Frenkel, 1997) 
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produce beans of specific aromatic and flavoring character, each has its own application.  

There are two species of commercial interest: Vanilla planifolia, and Vanilla tahitensis 

 

 The majority of the vanilla bean trade worldwide can be linked back to either 

Indonesia or Madagascar.  These two countries accounted for 81% of the 2009 vanilla 

crop as reported by the UN Food & Agriculture Organization (faostat.fao.org).  Other 

minor producers of vanilla beans are India, China, Mexico, Tonga, Turkey, French 

Polynesia, Comoros and Uganda. 

 

 Mexican vanilla has a very rich flavor and aroma, but some consider it to lack 

depth.  Bourbon vanilla on the other hand has depth to the flavor, but lacks in aroma.  

Both Mexico and the Madagascar areas cultivate Vanilla planifolia. The best quality 

vanilla beans come from Madagascar and are considered to be the best quality or ñgold 

standardò (Krishnakumar, 2007) 

 

 Indonesian vanilla beans are also Vanilla planifolia, and contain a deep, rich 

flavor but are typically lower in vanillin content than Bourbon beans (Adedeji, 1993b). 

 

 Tahitian vanilla is obtained from Vanilla tahitensis and has a characteristic sweet, 

floral aroma, but lower vanillin content.  This vanilla is typically used in flavorings and 

perfumery.   
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1.6 Quality 

 There are two major types of vanilla beans commercially available.  One is called 

extraction grade, which the vanilla industry uses to make vanilla extract and the second 

one is called gourmet grade which is sold unprocessed.  The extraction grade will have 

18-25% moisture while the gourmet grade will have 20-30%.  Vanilla tahitensis from 

Tahiti has an average moisture content of around 40%.   The primary determinant of 

quality for vanilla beans is the aroma and flavor.  Appearance is an important 

characteristic of quality.  A high quality cured bean will have a pleasant aroma and 

flavor, proper moisture content (18-25%), dark chocolate coloring, acceptable length and 

girth, have an oily surface as well as being free of observable defects and mold (Adedeji, 

1993b).  Vanillin content, although extremely important in the commerce of vanilla 

beans, is not the sole deciding factor when it comes to considerations of quality.  A high 

quality bean will have 2.0% or more vanillin content whereas a vanillin content lower 

than 0.2% is considered a low quality bean.  Vanillin content in vanilla beans is only one 

indication of quality.  There are many vanilla crops that have great overall flavors and 

low levels of vanillin. 

 

1.7  Curing Techniques 

 The curing process is a succession of labor intensive events that convert green, 

ripe, odorless and bitter vanilla beans into dark-brown aromatic, tasteful beans over the 

course of approximately 5 months (Dunphy, 2009).  Green, or immature, vanilla beans 

contain gluco-vanillin as well as other phenolic precursor compounds (Arana, 1945).  

Previous work has shown that prior to the curing process, the beans contain little, if any, 
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free vanillin (Arana, 1943).  As the curing process progresses, vanillin is produced by the 

hydrolysis of gluco-vanillin via an enzymatic pathway involving beta-glucosidase (Balls 

and Arana, 1941).   

 

 The steps for curing vanilla beans vary with respect to which geographic region 

they are traditional to, the climate of the region and the available resources (Arana, 1945; 

Theodose, 1973).  The variation of the process can have a significant impact on the 

aromatic profile, taste and overall quality of the beans.  However, regardless of origin or 

heritage, all methods adhere to the same four traditional steps or stages: killing, sweating, 

drying and conditioning.   

 

1.7.1    Killing, or wilting step  

 Once a ripe vanilla bean in harvested, it is necessary to stop the vegetative 

development and compromise the cell wall in order to release the various enzymes and 

begin the curing process (Ranadive, 1994).  Upon disruption of the cell wall, the enzymes 

can begin reacting with their respective substrates which result in flavor and aroma 

development as well as dark brown coloring.  Killing method include hot water scalding,  

sun exposure killing, oven killing, mechanical or scarring killing, freeze killing, and 

treatment with ethylene gas (Arana, 1944,1945; Jones and Vincente, 1948).  Today, in 

practice, there are only three major killing procedures used: immersion in hot water  

(Madagascar, Indonesia, India, Uganda), placed in an oven (Mexico) and exposure to the 

sun (Papa New Guinea) (Dunphy and Bala, 2011). 

 



 

 

15 

1.7.2 Sweating step 

 Sweating of the killed vanilla beans involves the reduction of moisture through 

thermal drying techniques to reduce the onset of bacterial and fungal spoilage (Havkin-

Frenkel, 1997), as well as trigger the enzymatic activity that produces the aroma, flavor 

and color associated with cured beans.  The sweating process is carried out be either  

exposing the beans to sun for 6 hours per day, and then wrapping the beans in woolen 

blankets for the rest of the day, in sweat boxes, enclosed rooms or by using incubation 

ovens at 45°C (Arana, 1944, 1945).  The process normally takes 7-10 days to complete.  

During the sweating procedure, enzymes that are contained within the vanilla bean are 

most active (Ranadive, 1994).  This enzymatic activity is directly responsible for the 

release of vanillin from gluco-vanillin, and the color change of the beans from green to 

dark, chocolate brown (Balls and Arana, 1941).  The sweating step is considered the most 

critical step of the curing process.  Proper handling of the beans during this step will lead 

to a high quality cured bean, whereas improper handling including under/over-drying the 

beans, microbial contamination by dirty blankets or handlers, will result in a noticeable 

inferior product (Ranadive, 1994). 

 

1.7.3 Drying step 

 At the end of the sweating process, the beans are rich in aroma, color and flavor 

but contain up to 70% moisture.  This moisture must be reduced to prevent microbial 

spoilage and undesired enzymatic reactions.  There are several methods used to dry the 

curing beans including oven drying, sun drying for 2-3 hours per day for 7-10 days and 

slow ambient temperature drying (Havkin-Frenkel, 1997).  At the conclusion of the 
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Figure 1-5:  Drying of vanilla beans in a Tahitian plantation 

 

 

 

 

Source: www.vanillareview.com 
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drying process, the moisture content in the beans is lowered to 15-30% which is 

considered desirable (Jones and Vincente, 1948).   

 

1.7.4 Conditioning step 

  The conditioning step is a process of aging the beans to further develop the 

aroma and flavoring.  The beans are stored in closed boxes for a period of several months 

until the moisture and characteristic aroma are ideal.  During this process, the vanilla 

bean develops additional ñfullnessò, largely due to additional chemical reactions such as 

oxidation and hydrolysis (Ranadive, 1994).  The duration of the conditioning process 

varies, but as a general rule it takes at least three months (Arana, 1944). 

 

 1.7.5  Mexican Curing Technique 

 The two most common method of wilting used in Mexico are sun killing and oven 

killing (Childers, 1953; Theodose, 1973).  Sun killing is the oldest form of curing vanilla 

beans and begins by initially sorting the harvest beans by maturity and size.  Next, the 

beans are spread out on woolen blankets in the sun for four to five hours.  After the initial 

sunning, the beans are covered with the blankets but left out in the sun for an additional 

3-4 hours.  At night the beans are brought indoors and kept in wooden boxes.  This 

process is repeated for six to eight days until all the beans achieve a dark brown color.  

The beans are then dried outdoors in wooden trays in the shade.  The drying process can 

take as long as eight weeks (Ranadive, 1994).  At this point, the beans are wrapped in 

waxed paper and stored in boxes for conditioning.  This process lasts approximately three 

months. 
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 Alternatively, the oven killing method in Mexico is more commercially used.  

This involves bundling the beans in large groups, dipping in water and then placing them 

in a large drying room called a ócalorificoô.  The temperature is raised in the room to 65-

70°C by wood fired heaters and held for 36-48 hours.  After this killing process, the 

beans undergo sweating, drying and conditioning steps as listed above. 

 

1.7.6  Bourbon Curing Technique 

 This curing method was originally developed on the French island colony of 

Reunion, which was formally known as Bourbon.  This method is carried out in Reunion, 

Madagascar and Comoros.  The Bourbon method utilized a hot water scalding to kill the 

beans and fewer sweating steps are required versus the Mexican method. 

 

 The first step of the Bourbon curing method is to sort out the beans by size and 

maturity.  Next, the beans are loaded into perforated baskets and immersed in hot water 

(65°C) for 2-3 minutes.  Immediately after scalding, the beans are quickly wrapped in 

dark colored blankets and placed into sweating chests for 24 hours.  The next day the 

beans are removed from the chests and sun-dried for 2-3 hours while still rolled up in the 

blankets to retain the moisture (Ranadive, 1994).  This process of sweating and drying is 

repeated six to eight times, after which the beans are dried in large rooms.  After the 

drying step, the beans are put into air-tight boxes for approximately three months.   
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1.7.7  Tahitian Curing T echnique 

 In the Tahitian curing method, there is no artificial killing step as in the Mexican 

and Bourbon methods.  The beans are allowed to reach maturity on the vine at which 

time they are harvested and placed into large piles.  The piles are sweated overnight and 

this step is repeated for 2-3 weeks.  The last step is drying which takes place outdoors in 

the open air (Ranadive, 1994). 

 

1.7.8  Other Curing Techniques 

 There are several other documented curing methods.  However none of them hold 

commercial significance as beans from these regions are not a main global source. 

 

 In the Guadeloupe method, the harvest beans are scarred by making cuts into the 

bean pod and then wrapping them blankets before sun exposure.  These sweating and 

conditioning steps are similar to the Mexican curing method (Arana, 1945). 

 

 In the Guiana method, the beans are harvested and killed in the ashes of a fire.  

The heat shrivels the beans, at which time they are removed from heat, wiped with olive 

oil and then allowed to air dry (Ranadive, 1994). 

 

 In the Peruvian method, the beans are scalded similar to the Bourbon method, 

dried in the open air for approximately 20 days and then covered with castor oil (Adedeji, 

1993b). 

 



 

 

20 

1.8  Improvements to Traditional Methods 

 Once Vanilla was established as a commercialized crop with world-wide demand, 

considerable scientific resources were put into optimizing the curing techniques to 

maximize the crops and increase the quality (Arana, 1944; Jones, 1948).  Arana and his 

team at the Mayaguez USDA Federal Experimental Station in Puerto Rico produced 

several recommendations for vanilla cultivars.  Additionally, other researchers appear to 

have been working on curing technique optimization and have also made contributions on 

the subject during the 1940ôs. 

 

 Arana (1944) and Jones and Vincente (1948) conducted research on the curing 

various curing methods.  The conclusions were that the Bourbon scalding method was the 

most preferred method.  The Guadeloupe method of scarification did produce a better 

quality product in a shorter timeframe, but were susceptible to mold and had decreased 

flexibility.  Mold and other diseases within the beans were a large priority to the 

researchers as this could destroy a very labor intensive agricultural product.  Arana 

(1945) states that non-uniformity in the drying and sweating steps, sun drying, the use of 

dirty blankets for sweating, and improper ventilation in the curing rooms all lead to the 

susceptibility of the crop to mold and disease.  Control of the moisture during these steps 

is paramount.  Arana (1944) found that using electric ovens at 45°C to sweat and dry the 

vanilla beans was more uniform, produced a superior product and had less occurrences of 

mold.  Later, Rivera and Hageman (1950) concluded that 38°C produced a better product. 
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 More recently, researchers have attempted to reduce the time of curing, or 

increase the quality of the product using specialized laboratory techniques  Sreedhar and 

his team have shown that pretreating the vanilla beans during accelerated curing 

conditions with naphthalene acetic acid or ethrel can increase the vanillin production 

three fold by the tenth day of curing (Sreedhar et al, 2007).  Marquez et al. investigated 

the different killing techniques by monitoring ɓ-glucosidase enzyme inactivity.  Their 

research concluded 38°C and pH 6.5 to be the optimum. (Marquez, 2008).  Pardio et al 

performed enzyme assisted ethanolic extracts of vanilla beans.  Their work has shown an 

increase in the major flavor compounds in an aged extract versus a non-enzymatic 

ethanolic extract control. (Pardio, 2009).   

 

1.9 Types & Grades 

 After the conditioning process, cured beans are sorted into grades according to 

their length.  The length of the bean is the primary determinant of the value of the beans.  

Secondary determinants are shape, color, moisture content and aroma.  The grading 

system of cured beans varies according to geographical region.  The beans are typically 

identified as belonging to one of three categories: unsplit beans, split beans and cuts.  

Cuts are beans that had some sort of defect removed from them by cutting it out.  Usually 

this defect is mold or disease.  Small beans, broken beans and mis-shapened beans are 

typically combined with the cuts (Purseglove, 1981).  The nomenclature for Mexican 

beans is (from highest quality to lowest): prime, good to prime, fair and ordinary.  

Bourbon beans are classified as: prime, firsts, seconds, thirds, fourths, and foxy splits 

(Guzman, 2004).  
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1.10 Disease & Spoilage of Beans 

 Vanilla vines and beans and subject to many diseases, most of which are caused 

by poor drainage, above average rainfall and excessive shade.  The most serious disease 

is Anthracnose, Calospora vanillae Massee, which causes the vine to lose its fruits.  

Another problematic disease caused by the fungus Fusarium oxysporum f. sp. vanillae, 

also known as Fusarium batatis var. vanilla Tucker, which causes the rotting of the stem 

and roots and subsequently kills the plants (Ranadive, 1994; Hernandez-Hernandez, 

2011).  Correll (1953) lists in detail the following diseases that attack vanilla: 

Phytophthora parasitica Dast., causing bean rot; Glomerella vanillae (Zimm.) Petch, 

attacking roots; Vermicularia vanillae Delacr. in Mauritus; Gleospriu, vanillae Cooke in 

Columbia; Macrophoma vanillae Averna in Brazil; and Pestalozzia vanillae Averna, also 

in Brazil.  (Purseglove, 1981)  More recently, several chapters have been written about 

the current viral and fungal diseases which attack vanilla (Hernandez-Hernandez, 2011; 

Grisoni, 2010; Tombe, 2010) 

 

1.11  Manufactured products 

 In the United States, a large majority of the vanilla is processed as an alcoholic 

extract for use in flavoring, both commercially and domestically.  In Europe, the majority 

is processed as whole or powdered vanilla (Ranadive, 1994).  Vanilla is used in a wide 

variety of food including: ice cream, confectionary products, chocolate, beverages, and 

desserts just to name a few. 
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1.11.1  Vanilla Extracts 

 The vanilla extract is an aqueous alcoholic extract containing soluble organics 

from the vanilla beans.  This extract is highly regulated by the Food and Drug 

Administration.  Vanilla extract is the only flavoring material with a U.S. FDA standard 

of identity.  The Code of Federal Regulations, Title 21, section 169.175 defines a vanilla 

extract as: ñthe solution in aqueous ethyl alcohol of the sapid and odorous principles 

extractable from vanilla beans.ò  The finished vanilla extract contains 35% ethanol and 

must include the soluble compounds from 1 part by weight in 10 parts by volume of the 

solvent.  The extracts can be prepared by direct solvent extraction, dilution of oleoresins 

or dilution of concentrated vanilla extracts.  

 

1.11.2  Vanilla Flavoring  

 Vanilla flavoring or flavor is exactly like vanilla extract, but the amount of 

ethanol is less than 35% by volume. 

 

1.11.3  Concentrated Extracts and Flavorings 

 Vanilla extract of more than 4 fold strength are not practical from a processing 

standpoint using only solvent extraction. To achieve higher concentrations, part of the 

solvent is removed under high vacuum.  This does create a higher strength extract, but the 

product lacks some of the fullness of a lower strength extract as some of the volatile 

organics are lost in the solvent stripping procedure. 
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1.11.4  Tinctures 

 There are two types of vanilla tinctures commercially available.  One is for 

perfumery use and is prepared by the extraction of vanilla beans in denatured alcohol.  

The finished product contains 90% alcohol.  The second type of tincture is for 

pharmaceutical use and is made by extracting vanilla beans in aqueous alcohol in a ratio 

of 1 part vanilla bean by weight to 10 parts solvent by volume and contains added sugar.  

The final concentration is at least 38% (Purseglove et al, 1981). 

  

1.11.5  Vanilla Powder/Sugar 

 Vanilla powder is made by mixing ground vanilla beans, concentrated vanilla 

extract or vanilla oleoresin with sugar or maltodextrin.  

 

1.11.6  Absolutes 

 Vanilla absolute is a very highly concentrated solvent extract used for perfumery.  

The extraction solvent can be hydrocarbons or chlorinated hydrocarbon, or a combination 

of the two.  Further, beans from different regions and species can be extraction together 

to give a desired character to the absolute.  Some absolutes are prepared by supercritical 

carbon dioxide extraction (Ranadive, 1994).   

 

1.11.7  Oleoresins 

 This is the dark brown, semi-solid, viscous end product of an aqueous ethanolic 

extraction followed by solvent removal under vacuum.  Finely cut vanilla beans are 

extracted using 50% (v/v) aqueous ethanol at around 50°C.  Previous to 1986, the US 
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Bureau of Alcohol Tobacco and Firearms allowed the use of either ethanol or isopropanol 

(Ranadive, 1994).  After 1986, only aqueous ethanol was allowed.  Some research on 

using higher solvent concentrations was down by Cowly who concluded that increased 

alcoholic content reduced the oleoresin yield (Cowly, 1973). 

 

 For industrial use, the oleoresins are diluted to the desired strength and added as-

is.  The oleoresins do not contain the full aroma or flavor of the original vanilla bean as 

some of the lighter organic molecules are lost to the solvent stripping process.  

 

1.12 Biochemistry of Vanilla During Curing  

 Many chemical and biochemical reaction take place during the curing process 

which yield a variety of flavor-active and aroma-active compounds that contribute to the 

overall flavor and fragrance of the cured bean (Perez-Silva, 2006).  It has been well 

documented that the main biochemical reaction that occurs during the curing process is 

the hydrolysis of glucovanillin (Balls, 1941). Research by Arana (Arana, 1943) and Balls 

and Arana (Balls and Arana, 1941) have shown the significance of beta-glucosidase on 

vanillin formation during the curing process.  Their research proved that vanillin is 

produced by the hydrolytic enzymatic transformation of glucovanillin and that additional 

hydrolysis of other glucosides present in the bean produce other distinct aroma and flavor 

compounds. 

 

 Arana has shown that the glucovanillin content of the vanilla beans gradually 

increase over time as the fruits mature on the vine.  Additionally, the glucovanillin is not 



 

 

26 

uniform throughout the bean.  The majority of the concentration is focused at the blossom 

end, with the least amount being present nearest the stem (Arana, 1943, 1944).   

 

 In depth studies of vanilla beans has shown that the glycosylated flavor precursors 

are found within the bean interior whereas the enzymes that catalyze the reactions for 

flavor and aroma production are located mostly in the outer wall of the fruit (Havkin-

Frenkel, 2005).  The curing process serves as a facilitator to bring the precursors and 

enzymes in contact.  There are many aroma compound precursors found in vanilla beans 

as glycosides including p-hydroxybenzaldehyde, p-cresol, p-hydroxybenzoic acid, 

vanillic acid, vanillyl alcohol and p-hydroxybenzyl alcohol (Dignum, 2002). 

 

 During the curing process, only about half of the potential vanillin, both free 

vanillin and glucovanillin, present in the beans actually survive the multi-step procedure 

and is found in the cured bean (Gatfield, 2007).   The initial steps of the curing process, 

which include killing and sweating, produce a rapid decrease in the concentration of 

glucovanillin as it is hydrolyzed to vanillin.  This inversely produces a rapid increase in 

the concentration of vanillin.  The fate of approximately half of potential vanillin can be 

accounted for by losses due to sublimation (Frenkel, 2006), or possible participation in 

the Maillard reaction.  
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Figure 1-6: Chemical structures of major compounds for the flavoring and aroma of 

vanilla 

Source:  (Guzman, 2004) 
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1.13  Aroma & Flavor Characteristics 

 The characteristic aroma and flavor of each vanilla species can be easily tasted 

and smelled.  These differentiating attributes can be exploited to obtain desired flavors 

and scents. 

 

1.13.1 Bourbon 

 Bourbon vanilla (V. planifolia) which is grown in Madagascar, Reunion, Comoros 

Islands, and the Seychelles has been described as: sweet, creamy, rich, tobacco-like, 

woody, animal, balsamic and spicy (Ranadive, 1994). 

 

1.13.2  Mexican 

 Mexican vanilla (V. planifolia) which is native to Mexico has been described as: 

sharp, pungent, sweet, spicy, and incomplete with reference to Bourbon vanilla 

(Ranadive, 1994). 

 

1.13.3  Java 

 Java vanilla or Indonesian vanilla (V. fragrans) which is native to the Indonesian 

islands has been described as: less sweet and creamy than Bourbon vanilla, strong 

woody, and smoky (Ranadive, 1994). 

1.13.4 Tahitian 

 Tahitian vanilla (V. tahitensis) which is grown in Tahiti has been described as: 

perfumy, flowery, fragrant, and heliotropin-like (Ranadive, 1994). 
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1.13.5 Guadeloupe 

 Guadeloupe vanilla (V. pompona) which is native to Central America has been 

described as: perfumy, floral, sweet, and lacks body (Ranadive, 1994). 

 

1.13.6 Indian 

 Indian vanilla (V. planifolia) which is grown in India has been described as: less 

sweet and creamy than Bourbon vanilla, lack balsamic note, pungent, sour (Ranadive, 

2011) 

 

1.13.7 Papau New Guinea (PNG) 

 PNG vanilla (V. tahitensis) which is grown in Papua New Guinea has been 

described as: weak flowery, perfumed, anisic, overall weak (Ranadive, 2011). 
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2.  Literature Review 

 

2.1  Volatile Constituents of Vanilla 

 Identification of volatile and semi-volatile compounds in vanilla beans and vanilla 

extracts has evolved over time as the complexity and sensitivity of the instrumentation 

has improved.  Initially isolated and identified by Gobley in 1858, vanillin was 

synthesized and confirmed by Tiermann and Haarmann in 1874 (Tiermann and 

Haarmann, 1874).  In 1909, anisyl alcohol, anisaldehyde and anisic acid were discovered 

in Tahitian vanilla (Walbaum, 1909).  Later work in Tahitian vanilla by Gnadinger  

(1925) revealed aromatic cinnamic esters.  Several other minor discoveries of compound 

occurred during the early twentieth century.  However, it wasnôt until the 

chromatographic work of Klimes and Lamparksy in that an additional 170 components 

were identified using gas chromatography (Klimes and Lamparsky, 1976).  The advent of 

direct thermal desorption headspace gas chromatography ï mass spectrometry analysis, 

pioneered by Hartman in 1992 and Adedeji in 1993 allowed detailed identification of 

volatile and semi-volatile components in raw vanilla beans that had not been previously 

been possible (Hartman, 1992; Adedeji, 1993a,b).  Further, an in-depth study of vanilla 

beans using direct thermal desorption gas chromatography mass spectrometry by Lee in 

2006 gave compelling insight into vanilla beans from various geographical locations as 

well as different species (Lee, 2006).   
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2.2  Previously published compounds 

 The following table is an exhaustive list of all known volatile and semi-volatile 

compounds that have been identified in vanilla beans and extract in the publically 

accessible literature.  It should be noted that omission of a compound from a particular 

species or geographical region does not imply that it does not occur naturally, but it was 

not reported in the specific cited analysis.  Also, certain species have not been studied as 

deeply as others.  The number of compounds identified per species or sample is most 

likely a consequence of analytical methodology used rather than complexity of the vanilla 

being studied.  The contents of this list have been published in the óHandbook of Vanilla 

Science and Technologyô (Toth,et al., 2011) and is reproduced here with permission from 

Wiley-Blackwell publishing. 
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