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Abstract TasteTrek® is a Givaudan research program

for exploring authentic aromas and novel ingredients. From rainforests to restaurants around the
world, the TasteTrek® program has led to the creation of numerous aroma reconstitutions, and
to the discovery of interesting flavor and taste components. The TasteTrek® success is
facilitated by the development of innovative sampling, analysis, and reconstitution techniques. A
discussion about this technology and its application as a scientific approach for flavor creation is
presented.

Introduction The TasteTrek® program was initiated in 1999 as part of GivaudanUs continuing
research effort toward innovative creation of unique and authentic aroma profiles and discovery
of novel flavor ingredients. In order to study little known botanicals, we have investigated the
rainforests in Africa. The aroma of popular ethnic cuisine is a very important source of
innovation. To capture such culinary aromas, we have visited restaurants in many cities in ten
countries around the world. In the Givaudan laboratories, these flavor collections were
thoroughly analyzed, and a number of flavors and unique ingredients were developed. Scientific
approaches have been established to create truthful aroma copies from nature.

TasteTrek® in the Rainforests
TasteTrek® Gabon 1999

The Gabon rainforest has much bioJdiversity: 80% to 90% of the worldUs plants, mushrooms,
and animals can be found in the rainforestX a majority is living in the canopy. In western Africa,
over 20% of the species discovered are found nowhere else on the earth. The rainforest is
disappearing due to deforestation. Therefore, the opportunity for new discoveries in the
rainforest becomes less feasible.
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In 1%3% 'we went to Gabkon to investigats ths
rainforast.  This was the first time that the flaver
division of Givaudan conductzd aroma samplk
collection in a rainforest. Camp Llakands (Figure 31,
lzzated in the middle of the forest, was ths
hzadquartzrs  for the rmeszarch  activities  of
scizntists from all cver the world, The camp could
host more than 20 pzoplz. They wearz botanists,
entomeologists, biochamists, chemists, journalists,
prefesscrs, studsnts, and the semwvice staff of
logistice. Theses activitizs were sponscred mainl;
bty phamnaczsutizcal companizs, universitizs, and
govermmmants, Givaudan was the only compan;
from the flavor and fragrancz industry. We had
two TasteTrek® tzams: cns from the United States
and thz other from Switzerland. Each tzam stayed
in the forzst for toe wezks at diffzrent paricds.

A hot-air ballcon, belonging to a  Frzrch
crganization “Pro Naturs,” was availablke for us to
invastigatz the cancpy. Thez trzzz in the rainforzst
could be from BO to 80 meters tall. It was venr
difficult to s22 any fruits or flowers on the tres

within the forzst bzcause it was vary dense and
dark, so thz bkalloon was  wary  ussful for
invastigating and ccllzcting samplzs from the
canopy. The ballben could fir only in esark
rmeming when the temperature was not too ket
We avoks at 400 o'clock in the moming to inflats
the balloon and fiy overthz canopy for 1 4o 2 hours
o collzct flowsr and frut samples (Figure 5. Aftsr
brzakfast, we walksd into the forsstto collzctmors
zamplzs. YVWe also visited marksts in thz citizs and
villagzs to ok for unique fruits and spicss.

We zstakblizshed a portable lak in the fizld vohers the
plant samples werz zvaluated and szlzc
arcrma ccllzction.  Aroma concentratzs of
flovezrs and fruits and botanical matznal wers
preparsd. e successfully testzd the aroma
sampling  tzchniquszs  and  zstaklished  aroma
rzconstitution mathods.

Taste TrekE mabon 1333 produced 21
reconstitutions  of rainforest fruit aroma  and
dizcovery of 14 uniguz flaver melzcules, which
have mot besn ussd for flaver crzations baforz.
Thz rzzonstituted aroma has drawn grzat attzntion
from customears.
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In 1999 we went to Gabon to investigate the rainforest. This was the first time that the flavor
division of Givaudan conducted aroma sample collection in a rainforest. Camp Makande (Figure
3), located in the middle of the forest, was the headquarters for the research activities of
scientists from all over the world. The camp could host more than 30 people. They were
botanists, entomologists, biochemists, chemists, journalists, professors, students, and the
service staff of logistics. These activities were sponsored mainly by pharmaceutical companies,
universities, and governments. Givaudan was the only company from the flavor and fragrance
industry. We had two TasteTrek® teams: one from the United States and the other from
Switzerland. Each team stayed in the forest for two weeks at different periods.

A hotJair balloon, belonging to a French organization “Pro Natura,0 was available for us to
investigate the canopy. The trees in the rainforest could be from 50 to 60 meters tall. It was very
difficult to see any fruits or flowers on the trees within the forest because it was very dense and
dark, so the balloon was very useful for investigating and collecting samples from the canopy.
The balloon could fly only in early morning when the temperature was not too hot. We awoke at
4:00 oUclock in the morning to inflate the balloon and fly over the canopy for 1 to 2 hours to
collect flower and fruit samples (Figure 5). After breakfast, we walked into the forest to collect
more samples. We also visited markets in the cities and villages to look for unique fruits and
spices.

We established a portable lab in the field where the plant samples were evaluated and selected
for aroma collection. Aroma concentrates of the flowers and fruits and botanical material were
prepared. We successfully tested the aroma sampling techniques and established aroma
reconstitution methods.

TasteTrek® Gabon 1999 produced 21 reconstitutions of rainforest fruit aroma and discovery of
14 unique flavor molecules, which have not been used for flavor creations before. The
reconstituted aroma has drawn great attention from customers.
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TasteTrek® Madagascar 2001

Encocuraged by the success of TastaTrek® Gakon.
we  continusd  cur  rainforest  zxploration i
lladagascar, i considzred by ths
intzrnaticnal and zonseivation
cormmunit, : szolegicall
countries in ths id. Zf the estimated 12,000
plant spacizs, over B80%  arz eonly fourd in
lMadagascar. In Cotober and Dzcamber 2001, ths
Givaudan TasteTrek® tzam, compossd  of
scigntists and flavorsts from the United Statzs and
Switzerdand, 2xplored the aroma of the unigquz and
peculiar plants, which grew in the Blascala
MNaticnal Park Morth zast of Lladagascar.

a3

Iladagascaris a beautiful cocuntry; it has gorgzous
bezachzs and grzat mcountains. Thez trzes in ths
forzst arg shorter than the trees in Sabon. Ths
Givaudan tzam z:plorad the rzinforzst, looking for
fruits, flovezrs, and aromatic plants. VWe used the
zams kallzon sstam to colizct samplkes from ths
cancpy as that in Sabon, but ® owas largzl,
mproved with the support of Givaudan. & tzam of
llalagas; scizn joinzd us in thz rainforsst
zxpleration. Th several Botanists tzamed
with us, and ths 'z & grzat help for idzntif ing
the botanical spacizs and their usages by the looal
peopk Curing  cur  TastzTrzk  missicn in
lladagascar (total four weaeks for two tzams) we
evaluated meors than 100 beotanical samples and
coliectzd 22 flavorsamplzs.

Analysis in the Laboratories

Thz samples = krought back to the Givaudan
laboratorizs & thorough analsis was
conductsd (Figure Acceording to the anal/tical
results, zach arcma was  rzconstitutzd  using
scizntific approachzs. The rzconstitutzd aroma
vwas then demonstratzd to the  flaverists.
application chzmists, and marksting staff. Llany of
the rzconstitutions wears found to have a high
commzrzial valuz. Flavor crzation and applic ation
tzams fins-tuned thz flavors to suit the markst
darmands.

Hzrz arz some of curintzrzsting findings:

A bark from & tree smeslled very similar t2 onion.
We first found it in a local markst. The pzopk
rcasted the bark and ground the bark to powdsr
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TasteTrek® Madagascar 2001

Encouraged by the success of TasteTrek® Gabon, we continued our rainforest exploration in
Madagascar, which is considered by the international scientific and conservation community as
one of the ecologically richest countries in the world. Of the estimated 12,000 plant species,
over 80% are only found in Madagascar. In October and December 2001, the Givaudan
TasteTrek® team, composed of scientists and flavorists from the United States and Switzerland,
explored the aroma of the unique and peculiar plants, which grow in the Masoala National Park
North east of Madagascar.

Madagascar is a beautiful countryX it has gorgeous beaches and great mountains. The trees in
the forest are shorter than the trees in Gabon. The Givaudan team explored the rainforest,
looking for fruits, flowers, and aromatic plants. We used the same balloon system to collect
samples from the canopy as that in Gabon, but it was largely improved with the support of
Givaudan. A team of Malagasy scientists joined us in the rainforest exploration. There were
several botanists teamed with us, and they were a great help for identifying the botanical
species and their usages by the local people. During our TasteTrek mission in Madagascar
(total four weeks for two teams) we evaluated more than 100 botanical samples and collected
52 flavor samples.

Analysis in the Laboratories

The samples were brought back to the Givaudan laboratories where a thorough analysis was
conducted (Figure 10). According to the analytical results, each aroma was reconstituted using
scientific approaches. The reconstituted aroma was then demonstrated to the flavorists,
application chemists, and marketing staff. Many of the reconstitutions were found to have a high
commercial value. Flavor creation and application teams finedJtuned the flavors to suit the
market demands.

Here are some of our interesting findings:

A bark from a tree smelled very similar to onion. We first found it in a local market. The people
roasted the bark and ground the bark to powder
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vrhich was ussd to ssason theirscup (Rgure 11, In
the forest, we found three different species of trezs
with the onien-like odar charactsrstics. Not
surprizingly. we identifizd a kot of sulfur-containing
compounds in the hzadspace of the bark b
GC/NS  analysis. The sulfur componesnts 1-
prepanthicl. dimzth ftrizulfids, trimathyl-
thicmsthans, 2.3.5-trithiahsxans., and 2.45.7-
tetrathiacctans contributs to thiz balanced cocksd
garlic mpression.

Znz of the intzresting fruits we found in the jungls
vas called “drrpetes.” (Figure 12 The fruits ars ca.
1 om in diametar and have a thin shzll and big
zezd  insids. Arcund the sssd is a whits,
tranzlucent, and juicy flesh with swest taste and
unigue arcma, which was described as durian-liks
sulfury, and zxotiz. The analysis of the wvelatilz
compounds shows a remarkakl’ high amount of
rmzthyl and 2thyl esters of unsaturatzd fatty acids
z2.g.. ethyl trans-2-cis-4-dzcadizncic acid, zthyl
trans-2-decencic acid, sthyl trans-2-cotznoic acid
and =thyl trans-2-hzxenoic azid. The presznce of
izothiccyanatzs is found in the arcma.

In Gabon and in Lladagascar, we oftzn saw a
bzautiful plant called “wild gingsr” by lzcals (Figure
13). It growes in humid valleys in the rainforest. The
plant does not fomm a czntral stam, but several up
o & mzter kong branchzs. The fruits grow dirzotl
on the ground. which makes harvesting very zas).
Thzy havz the foma of small orions with an intznss
rzd coclour. Inside vou find a whits flesh, which
covers numerous small black sz2ds. The plants in
the rainforzsts of Gabon and lMladagascar havs
velry similar appzarance, but ther arz diffzrent
spacizs of the gQenus  Aframomum in ths
Zingibzraczag  famil,, i includzs thz well
known gingar. Aframomum gigantzum found in
Zakbon iz a little smaller tharn Aframomum
Argustifelium found in Ladagascar. They tasts
slight zcur with refreshing fruity aroma
characterized by the impact of o-tzrps
izo pinocamphonz and the gresn tzrpen
c-pinzns, B-pinznz, 1 .oZarophyllzns
and caryophyllens cxide add the weoody character
and linalozl, linalylacstats and myrtencl round off
the fruity mpression. The seeds, whan bittzn, tasts
pungent. From the sseds, we isclatzd and
idzntifizd the pungent principal as a ditzrpanoid
which has no aroma but a pungant tastz.
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which was used to season their soup (Figure 11). In the forest, we found three different species
of trees with the onionJlike odor characteristics. Not surprisingly, we identified a lot of
sulfurJcontaining compounds in the headspace of the bark by GC/MS analysis. The sulfur
components 1J propanthiol, dimethyltrisulfide, trimethyld thiomethane, 2,3,5Jtrithiahexane, and
2,4,5,7J tetrathiaoctane contribute to this balanced cooked garlic impression.

One of the interesting fruits we found in the jungle was called “drypetes.O (Figure 12) The fruits
are ca. 1 cm in diameter and have a thin shell and big seed inside. Around the seed is a white,
translucent, and juicy flesh with sweet taste and unique aroma, which was described as
durianJlike, sulfury, and exotic. The analysis of the volatile compounds shows a remarkably high
amount of methyl and ethyl esters of wunsaturated fatty acids e.g., ethyl
transJ2JcisJ4Jdecadienoic acid, ethyl transJ2Jdecenoic acid, ethyl transJ2Joctenoic acid and
ethyl transJ2Jhexenoic acid. The presence of isothiocyanates is found in the aroma.

In Gabon and in Madagascar, we often saw a beautiful plant called “wild gingerO by locals
(Figure 13). It grows in humid valleys in the rainforest. The plant does not form a central stem,
but several up to 5 meter long branches. The fruits grow directly on the ground, which makes
harvesting very easy. They have the form of small onions with an intense red colour. Inside you
find a white flesh, which covers numerous small black seeds. The plants in the rainforests of
Gabon and Madagascar have very similar appearance, but they are different species of the
genus Aframomum in the Zingiberaceae family, which includes the well known ginger.
ANeé~acaia= 0aO~aiEia found in Gabon is a little smaller than ANé~acaia= *a0iéiaNcaaia
found in Madagascar. They taste slight sour with refreshing fruity aroma, which is characterized
by the impact of aJterpenylacetate, iso pinocamphone and the green terpeny notes of adpinene,
BJpinene, yJterpinene. Caryophyllene and caryophyllene oxide add the woody character and
linalool, linalylacetate and myrtenol round off the fruity impression. The seeds, when bitten,
taste pungent. From the seeds, we isolated and identified the pungent principal as a diterpenoid
which has no aroma but a pungent taste.
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From Jungle to Restaurant

Thz crzation of authentic cuising top notzs has
been a grzat challzngs zven for sxperiznced
flavorists, not only becauss of the complexity of
the aroma compeosition, but also bzcause of ths
difficulties  in  cbtaining accuratz  anal‘tical
infonmation from mest of the cukine samplzs. Ths
suzcess in the sampling and reconstitution of fruit
and flower flavors from the rainf t led us to
further develop the TastzTrek® technology for
coliection, analysis, and rzconstitution of cuising
ArcMma.

Apart from the apparznt diffzrznt envircnments in
junglz  and in restaurant, thzrez  are subtlk
differances for sampling fruit and cuisineg aroma.
The moisturs, zlzvated temperaturz, inhomogenit,.
limitzd stakility. and strict conditions to maintain
the dezirakble flaver arz the factors affzcting the
collectzd aroma concentratz and subszqusent
anal'sis. Ve have developzd tzchnigquss ic
capturz, analzz, and reconstitutz the compleats
aroma of authentic cukins, which have bBsean
constanthy improved sincz the first culinary trek.
Thsz TasteTrek™  techno e has grzatl
strzngthened cur capability in  savory flaver
crzation and devzlepmernt, and has znabled us to
crzatz many cuising top notes for key busingss
cpportunitizs.

TasteTrek® China

In 20030, the first experimantal culinar TastzTrek
was conducted in China. We had a singlke targst:
the “hot pot” (Fgure 17) in Sichuan province. Hot
pot iz a famous Chiness traditional dizt, which is
known since the Shang Zhou Dynasty (13th-11th
century B2, Sichuan Hot Peot cnginatzd on ths
bank of Yangtze River (iZhang Jiangl. inventad b
the bcatmen. Thezn it was developed in ths
Chorgging arza. Nowadays it becomes & popular
dizh in the country. Pzoplz sat arcund a table with
a boiling soup (hot, numbing, and salty) in a heated
pot in the middlz, and put sliczd raw meat,
vegetablzs, 2tc into the pot and atz together
Aroma daveloped duning the cooling vwas studisd
An intzrz=ting compound, S -methy hic
pentansrnitrilz, was found by GCC-KIE analysis.
Thz compound, although pressnt in trace amount,
has a patant mushroom odor.
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From Jungle to Restaurant

The creation of authentic cuisine top notes has been a great challenge even for experienced
flavorists, not only because of the complexity of the aroma composition, but also because of the
difficulties in obtaining accurate analytical information from most of the cuisine samples. The
success in the sampling and reconstitution of fruit and flower flavors from the rainforest led us to
further develop the TasteTrek® technology for collection, analysis, and reconstitution of cuisine
aroma.

Apart from the apparent different environments in jungle and in restaurant, there are subtle
differences for sampling fruit and cuisine aroma. The moisture, elevated temperature,
inhomogenity, limited stability, and strict conditions to maintain the desirable flavor are the
factors affecting the collected aroma concentrate and subsequent analysis. We have developed
techniques to capture, analyze, and reconstitute the complete aroma of authentic cuisine, which
have been constantly improved since the first culinary trek. The TasteTrek® technology has
greatly strengthened our capability in savory flavor creation and development, and has enabled
us to create many cuisine top notes for key business opportunities.

TasteTrek® China In 2000, the first experimental culinary TasteTrek was conducted in China.
We had a single target: the “hot potO (Figure 17) in Sichuan province. Hot pot is a famous
Chinese traditional diet, which is known since the Shang Zhou Dynasty (16thJ11th century
B.C.). Sichuan Hot Pot originated on the bank of vangtze River (Chang Jiang), invented by the
boatmen. Then it was developed in the Chongqing area. Nowadays it becomes a popular dish in
the country. People sat around a table with a boiling soup (hot, numbing, and salty) in a heated
pot in the middle, and put sliced raw meat, vegetables, etc into the pot and ate together. Aroma
developed during the cooling was studied. An interesting compound, 5J(methylthio)
pentanenitrile, was found by GCOJMS analysis. The compound, although present in trace
amount, has a potent mushroom odor.
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Through this projgct we have sstablished unigus
tzchnigquas for culsing aroma collection and havs
gainzad valuable zxperizncz. Alhcugh the aroma
reconstitution of hot pet vwas not an 2xact copy of

<
=l

z onstitutzd arcma was
reundzd  and  possasszd  the maing aroma
charactzristics of the targst. Somez sxperiznced
zople could zasily recogrize the “hot pot”™ profile
vwhan they amezllzd the nstitution. Thz heot pot
top nots attracted the attznti

and has been commzicialized as & single flaver
andin blends with other ingrzdiznts.

TasteTrek” Asia

In 2001 we expandsd the TastzTrek activity tc
includs other indigznous cuising in Asia.  Each
Aszian culturz is unigue, 3¢ is the cocking stylz and
prafzrrezd  taste charactzristics of cuising in
differant rzgicn.  To undzrstand authzntic Asian
flavers. a seres of sapeditions vwas conductzd in
Aszian  citizss Szoul (South Korza,  Llarila
Fhilippines), Ho Chi Llink City (Vietnam), and
Eangkok Thailand,. Ths TastzTrzk tzam visited
lzzal rzstaurants, fresh marksts, and culinar
institutions to sample kocal dishes, to capturz the
arcma, and to lzarn about the ingrediznts usad to
crzatz the uniqus flavers. The tzam collzcted cver
30 hzadspace aroma samples of Asian culsinz,
andmors thar 10 sampks of spices and fruits.

Z2ome of the intzresting dishes are descrbed in the
folloving:

Fino Bo (Vietnam). Fho (Figure 22)has bzen famous
forits tastz and at the samez timz, appreciated as a
wholzsomz, nutriticus meal. It has all the qualitizs
a hzath-conscious satsr would look for fresh.
rnatural and dzlizicus. To appreciatz Fho rzguirss
rmorz than just loving to zat i, onz would nead to
"know" aversthing about its przparation. VWhat
rmakss authentic Pho so stimulating is quitz simplk:
long hours of simmering ths cheoicest bes
proeduces a broth that maintaing a fall and rich
flavor that iz delizatzly seazoned with szwven
diffzerant typas of natural spic to give its n
distinct aroma. The cuising is served in a bowl of
light-bodisd broth ladled over beaf, accompanisd
by frash rice nocdies and garnishzd with coriandar
and cnicns. Basil lzaves, bzan sprouts and green
reppars sometimes alzo includzd as garnish. Ths
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Through this project we have established unique techniques for cuisine aroma collection and
have gained valuable experience. Although the aroma reconstitution of hot pot was not an exact
copy of the original cuisine profile, the results were very encouraging. The reconstituted aroma
was well rounded and possessed the main aroma characteristics of the target. Some
experienced people could easily recognize the “hot potO profile when they smelled the
reconstitution. The hot pot top note attracted the attention of many customers and has been
commercialized as a single flavor and in blends with other ingredients.

TasteTrek® Asia In 2001 we expanded the TasteTrek activity to include other indigenous
cuisine in Asia. Each Asian culture is unique, so is the cooking style and preferred taste
characteristics of cuisine in different region. To understand authentic Asian flavors, a series of
expeditions was conducted in Asian cities: Seoul (South Korea), Manila (Philippines), Ho Chi
Minh City (Vietnam), and Bangkok (Thailand). The TasteTrek team visited local restaurants,
fresh markets, and culinary institutions to sample local dishes, to capture the aroma, and to
learn about the ingredients used to create the unique flavors. The team collected over 30
headspace aroma samples of Asian cuisine, and more than 10 samples of spices and fruits.

Some of the interesting dishes are described in the following:

mUg= ¢ (Vietnam). Pho (Figure 22) has been famous for its taste and at the same time,
appreciated as a wholesome, nutritious meal. It has all the qualities a healthJconscious eater
would look for: fresh, natural and delicious. To appreciate Pho requires more than just loving to
eat it, one would need to ?know? everything about its preparation. What makes authentic Pho
so stimulating is quite simple: long hours of simmering the choicest beef produces a broth that
maintains a full and rich flavor that is delicately seasoned with seven different types of natural
spices to give its very distinct aroma. The cuisine is served in a bowl of lightJbodied broth ladled
over beef, accompanied by fresh rice noodles and garnished with coriander and onions. Basil
leaves, bean sprouts and green peppers sometimes also included as garnish. The
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arcrna was Jdistinguished by its high lsvsls of
rnethyl chavicol (12% and ansthalz (11%:). Tther
major componsnts includs limonsnz, zucalyptel
cis-3-hexzncl,  nezral, carvonz,  and  linalocl
Cipropyl disulfidz, mathyl 1-propenyd trisulfidz and
trans-1-propenyl prepyl disulfide were found at
concentration of 0.1 to 0.5 %.

MNam Frik Pow (Thailand. Mam Frik Pour  Figure 23)
iz refzrred to as "Roasted Chili Fastz" or "Zhilizs in
Zdal". i oiz a mild kot and spicy paste mads from
rcasted garlic, shallcts, and chilies. This pasts is
sommcrly ussd to flavor scups or stir-fry dishas.
Zome peoplz like to uss i as a condiment for
mzats and vegetables. The pastz will give vour
food a smeky, wok-charred flavor. The arcma of
Nam Prik Pcw had a high acid content: pamitic
ackd (18.8%). linoleic acid (145%), ckiz acid
4.5%), lactic acid 13.4%:). stsaric acid Gz

rmynstic acid (2.5%), and palmitolzic acid (2.0%).
The charactzr mpact compenents includz diallyl
trisulfide (5.85%:), allyl gthyl tnsulfids (3.75%:),
hydroxydinydromaltol  [2.5% diallyl  disuffids
1.9%;, propyl 1-propeny| disulfide (0.5%) and di-
1-propznyl trisulfide (02350, Trimethyl amine and
dimsthyl propyl aming z detzcted at low lzvels

Kimohy Jengol \Korza. The famentzd vegetables
kimchi i= an zsssntial part of any Korzan meal
Early kimchi dishes wezrz rslativel mild, spiced
with famnznted anchovies, gingsr, garliz, and grzen
cnicns. Korzans still uss these ingrediznts today,
but the spice mest cleszly assccoiated with maodarm
kimchiis rzd peppar powdzr. Korza boasts mors
than twe hundred tepes of kimchi, all rick in
vitaminzs, minzralz, and protzins crzatzd by ths
lactic acid feimentation of cabbags. radish, and
cthzr vegetables and seafood. The most abundant
constituents of the Kimchi Jengol (Figure 28) top
notzs wers sulfur containing compounds, including
diallyl disulfids (7.2 %), allylmathy| disulfids (4.5%),
Z-vinyl-4H-1 3 -dithiinhole 4 88, dirnzthyl
disuffide (4.0%, 3-vinyl-1.2-dithi-4-2nz  (2.3%).
all’l mzthyl trisufids (2,830, and diallyl trizuffids
2.8% Zther major componznts includs
ophylzre, imonznz, 3-butznyl Bothicovanats,
myrcens, and crotonalkdzhyds.
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aroma was distinguished by its high levels of methyl chavicol (15%) and anethole (11%). Other
major components include limonene, eucalyptol, cisd3Jhexenol, neral, carvone, and linalool.
Dipropyl disulfide, methyl 1Jpropenyl trisulfide and transJ1Jpropenyl propyl disulfide were found
at concentration of 0.1 to 0.5%.

k~a=méaa=mci (Thailand). Nam Prik Pow (Figure 23) is referred to as ?Roasted Chili Paste? or
?Chilies in Qil?. It is a mild hot and spicy paste made from roasted garlic, shallots, and chilies.
This paste is commonly used to flavor soups or stirdfry dishes. Some people like to use it as a
condiment for meats and vegetables. The paste will give your food a smoky, wokJcharred
flavor. The aroma of Nam Prik Pow had a high acid content: palmitic acid (16.6%), linoleic acid
(14.5%), oleic acid (4.5%), lactic acid (3.4%), stearic acid (2.6%), myristic acid (2.5%), and
palmitoleic acid (2.0%). The character impact components include diallyl trisulfide (5.8%), allyl
methyl trisulfide (3.7%), hydroxydihydromaltol (2.6%), diallyl disulfide (1.9%), propyl 1Jpropenyl
disulfide (0.5%) and diJ 1Jpropenyl trisulfide (0.5%). Trimethyl amine and dimethyl propyl amine
were detected at low levels (<0.2%).

hadAUa=gEadca (Korea). The fermented vegetables kimchi is an essential part of any Korean
meal. Early kimchi dishes were relatively mild, spiced with fermented anchovies, ginger, garlic,
and green onions. Koreans still use these ingredients today, but the spice most closely
associated with modern kimchi is red pepper powder. Korea boasts more than two hundred
types of kimchi, all rich in vitamins, minerals, and proteins created by the lactic acid fermentation
of cabbage, radish, and other vegetables and seafood. The most abundant constituents of the
Kimchi Jengol (Figure 25) top notes were sulfur containing compounds, including diallyl disulfide
(7.3%), allyl methyl disulfide (4.6%), 2JvinylJ4HJ1,3Jdithiinhole (4.6%), dimethyl disulfide
(4.0%), 3Jvinyld1,2Jdithid4Jene (2.9%), allyl methyl trisulfide (2.8%), and diallyl trisulfide (2.6%).
Other major components include caryophyllene, limonene, 3Jbutenyl isothiocyanate, myrcene,
and crotonaldehyde.
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TasteTrek® Latin America 2002

While the TastzTrzk tzchrology has graduall
reached a more maturs status, addtional Givaudan
buzinzzss rzgions have becomes interzstzd to utilizz
it advantagzs. The arcmas that maks the Latin
cuising special and trandy arcund word bscams
high valus targsts of the Givaudan TastzTrek Ve
chese Klaxico, Brazil, Solumkbia, and Argzntina for
lzcal popular cuising, food ingredisnts, and
tiz fruits. TasteTrzk Latin America created
z than 42 flavors.

L%

m
Zome zxamplzs of the intzrzsting dishes and fruits:

Tortizs (Ilexizcl. Tom is the bass and gsssnce of
rman: mportant  focd  and bBeverages  in
lescamerica. Hot Fresh Hand Llads Tortillas
Figure 28) is prcbably ons of the most popular
dishzs in Llzxizo. The tortillas ars mads from com
cocksd with slaksed lims and turnzd ints dough
nixtamalization process). The tordillaz are cooksd
in a griddlz. Ths flaver is cooked, roastzd, and
deughy. Nowadars, tortillas are mads  from
diffzerant types of corn flour and ars an impcrtant
part of traditional and popular meals like Taccs,
EBurritos, Enchiladas, Tostadas, Tortilla chips sto.
The major componzants in the headspacs arcma of
tortilas includs hzxanal, 2. 2-pzntanzdicns,
izovalzraldzhyds, limonznz, and diacztyl Ths
sulfur-containing  compounds and  purazines
mpactzd the main charactzrs of tontillaz. Cimzthyl
disuffidz, dimzthy] trisulfidz, 2 2-dimzthy | prrazine,
Z-zthylpyrazing, ethylmethl prrazine, and 2-2thyl-
2.5 -dimathvl prrazing arz idzntifizd.

Ficaria |Brazil. Ficana (Figure 2% & & dslicious
barbzcus typs meat in Brazil. It is ussdic przparz
"churrascos”. Its triangular shape coming from the
backside of the cow is gnlled ‘with weoed coal
giving the psculiar smeoks, greasy, grilled and
toasted flaver. The major arcma componants ars
izovalzraldzhyds 111.8% ), 2-methyl butanal (2.4%:),
and acstoin Several sulfur containing
compeounds v detzctzd including thizphesnsz
0.04% ), methyl thicacztatz (0.18%), and dimzthl
disuffide [0.03%). Bzveral nitrogen  containing
alzz found: trimethyl amins
0.05%, 29methyl prrazing
kvl pyrazine (0.02%), 2.3-dimzthyl
23 and Z-zthyl-S-mezthylpyrazine
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TasteTrek® Latin America 2002 While the TasteTrek technology has gradually reached a more
mature status, additional Givaudan business regions have become interested to utilize its
advantages. The aromas that make the Latin cuisine special and trendy around world became
high value targets of the Givaudan TasteTrek. We chose Mexico, Brazil, Columbia, and
Argentina for their local popular cuisine, food ingredients, and exotic fruits. TasteTrek Latin
America created more than 40 flavors.

Some examples of the interesting dishes and fruits:

gqcéiada~é (Mexico). Corn is the base and essence of many important food and beverages in
Mesoamerica. Hot Fresh Hand Made Tortillas (Figure 28) is probably one of the most popular
dishes in Mexico. The tortillas are made from corn cooked with slaked lime and turned into
dough (nixtamalization process). The tortillas are cooked in a griddle. The flavor is cooked,
roasted, and doughy. Nowadays, tortillas are made from different types of corn flour and are an
important part of traditional and popular meals like Tacos, Burritos, Enchiladas, Tostadas,
Tortilla chips etc. The major components in the headspace aroma of tortillas include hexanal,
2,3Jpentanedione, isovaleraldehyde, limonene, and diacetyl. The sulfurJcontaining compounds
and pyrazines impacted the main characters of tortillas. Dimethyl disulfide, dimethyl trisulfide,
2,5Jdimethyl pyrazine, 2Jethylpyrazine, ethyl methyl pyrazine, and 2JethylJ 3,5Jdimethyl
pyrazine are identified.

maA~¥~= (Brazil). Picafia (Figure 29) is a delicious barbecue type meat in Brazil. It is used to
prepare ?churrascos?. Its triangular shape coming from the backside of the cow is grilled with
wood coal giving the peculiar smoke, greasy, grilled and toasted flavor. The major aroma
components are isovaleraldehyde (11.8%), 2Jmethyl butanal (9.4%), and acetoin (8.2%).
Several sulfur containing compounds were detected including thiophene (0.04%), methyl
thioacetate (0.18%), and dimethyl disulfide (0.06%). Several nitrogen containing compounds
were also found: trimethyl amine (0.05%), pyridine (0.09%), 2Jmethyl pyrazine (0.21%), 2Jethyl
pyrazine (0.02%), 2,3Jdimethyl pyrazine (0.08%), and 2JethylJ5Jmethylpyrazine (0.06%).
Givaudan TasteTrek|SOFC05.doc Page 8 of 13

Figure 27

Figure 28

Figure 29

Figure 30
Jalapeno, Pasilla C-hili
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Chumichurn (Argsntina. Chimichurri (Figure 31) is
the typical meat szasoning in Argzntina. It is
preparsd with parsley, garic, basil crzgang, oil
vinzgar, red pzpper, and salt. Thare arz several
rzzipes to praparz it which emphasizz somes of the
ingredizgnts, alvays adapted to the kocal tastz. The
arcma of Chimichurri was charastzrized by high
lzvzlz acstic ackd (42%) corresponding fs vinsgar
basz and diallyl disulfids 24% from the green
crion.  Tthar mpontant componznts  includs
caryophylzns (15%), dimesthyl trisufide (0.44%),
dimsthyl disulfide 001%). and dially suffids

0.01%a).

Fruits from the Garden of the World
The varisty of fruits availablz in Latin Amszrica is
amazingl largz. Hzrz arz s2oms 2xamgplzs:

Lucuma (Zelumbial. The edible part of this fruit is
gensralky  vellew with a floury, potato typs
consistzncy with strong almond and sweast aroma.
It was an impcrtant fruit for the pre Hispanic
cultures MNazza and Chimu in Psru.  Now this
natural pulp is used in dairy applications liks ics
cream and desssits. The aroma of Lucuma (Figure
32y zontainzd a high percentage of acetoin (42 1%,
In addition, relativels high amounts of diacstyl
{7-4%2), acetic acid {7.1%), butanal (5.9%) and
zthancl (£2.8%) ware found. Llinor componzsnts
includs ethyl acetatz (4.1%). 2-pentancne (3.55%:).

crotonaldeshyde 12.3%), and 1-butancl (2.2 %),

Feyos (Toclumbia (Fgure 33). This waxy, gresn
colored fruit smits a strong leng-lasting paifum;
arcma. The thick, whitz, granular, and watery flesh
and the translucent czntral pulp znclosing ths
seeds arz zweest and subkacid, suggsesting a
combination of guava, strawbesr and pinsapple
tvpe flavors. This fruit prafzrs modzratz summers
in Andzan hillsidzs and the gaucho rzgicn. Ths
rmajor compansnts found in the aroma were cis-3-
hezenvl acetatz (25 1%, methyl benzoats (13.85%:),
methel butyrate (10.7%:0, ethyl butyrate 2.1%:),
zthyl caproatz (4.4%), -ocimens (3.8%), msthy
caproate [2.4%). cis-3-hzxenyl butyratz (1.7%),
hezyl acetate (1.8%), cis-2-hexen-1-ol 11.5%|, and
limonsne (1.3 %)

Caztsw (Brazil (Figure 34). This fruit has two main
parts: The fleshy and juic part has an apple-pzar
fonmn with yelowe or red skin that kas an astringznt,
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‘UaaaAUiéea (Argentina). Chimichurri (Figure 31) is the typical meat seasoning in Argentina. It
is prepared with parsley, garlic, basil, oregano, oil, vinegar, red pepper, and salt. There are
several recipes to prepare it, which emphasize some of the ingredients, always adapted to the
local taste. The aroma of Chimichurri was characterized by high levels acetic acid (40%)
corresponding its vinegar base and diallyl disulfide (24%) from the green onion. Other important
components include caryophyllene (15%), dimethyl trisufide (0.44%), dimethyl disulfide (0.01%),
and dially sulfide (0.01%).

Fruits from the Garden of the World The variety of fruits available in Latin America is amazingly
large. Here are some examples:

ilAia~ (Columbia). The edible part of this fruit is generally yellow with a floury, potato type
consistency with strong almond and sweet aroma. It was an important fruit for the pre Hispanic
cultures Nazca and Chimu in Peru. Now this natural pulp is used in dairy applications like ice
cream and desserts. The aroma of Lucuma (Figure 32) contained a high percentage of acetoin
(42.1%). In addition, relatively high amounts of diacetyl (7.4%), acetic acid (7.1%), butanal
(5.9%), and ethanol (5.8%) were found. Minor components include ethyl acetate (4.1%),
2Jpentanone (3.5%), crotonaldehyde (2.3%), and 1Jbutanol (2.2%).

cEaac~ (Columbia) (Figure 33). This waxy, green colored fruit emits a strong longJlasting
perfumy aroma. The thick, white, granular, and watery flesh and the translucent central pulp
enclosing the seeds are sweet and subacid, suggesting a combination of guava, strawberry and
pineapple type flavors. This fruit prefers moderate summers in Andean hillsides and the gaucho
region. The major components found in the aroma were cisJ3J hexenyl acetate (25.1%), methyl
benzoate (16.6%), methyl butyrate (10.7%), ethyl butyrate (8.1%), ethyl caproate (4.4%),
Jocimene (3.8%), methyl caproate (2.4%), cisJ3Jhexenyl butyrate (1.7%), hexyl acetate (1.6%),
cisJ3JhexenJ1Jol (1.5%), and limonene (1.3%).

*~8UEi (Brazil) (Figure 34). This fruit has two main parts: The fleshy and juicy part has an
appledpear form with yellow or red skin that has an astringent,
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Figure 31

Figure 32
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Figure 34
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acid and tannic tasts. In the bass is a Kidns;
shapsd nut from where the famous cashew nut is
recollzcted (Figure 385). Ths aroma of Cashsw
contained a largs amcunt of 2thyl esters including
athyl acatatz (24.7%), sthyl crotonatz (11.7%:),
ethyl isovalerate (7.7%:), ethyl caproats (7.3%:).
zthyl tiglatz (2.4%), sthel Butyratz (2 4%, and 2thyl
Z-mazthyl  butyratz (215, A relatively  largs
percentage of acetoin (5.8%) was also found.

TasteTrek® with Customers

In 2003 ong of cur customears in ZThina initiatsd a
collaboration project asking Givaudan to develkep a
serizgs of cuisine flavers for its naw products using
the TasteTrzK tzchnelogy. S0 owe went to China,
sampling the aroma of ths customzr-specifisd
targsts. It was an intzrzsting thip, and the tzchnical
staff of the customer worked with us during aroma
collection (Figure 36). venfring that ths arcmas we
capturzd werz exactly what they wantzd

Source of New Ingredients

TastzTrek® projects produced ncot only arcma
reconstitutions. but  akc  man; intzrzsting
ingredizntz.  Although the meolzcules are known,
but thsy have net Esen ussd for flaver
compounding. Sormez of these molecules havs
beern patznted for flavor applic ations by Givaudan.
Hzrz arz scme sxamplzs of flavor ingrediznts and
arcma malsculess:

Husa Jiag [China). Hua Jiag (fruit of Zanthoxyium
Lunpeanum llaxim) iFigure 37) is widsly ussd as
spicg and meadizing througheout Asia. In addition to
it wuniqus aroma. it has a uniqus trigzminal effzct,
which is descrited as “Lla”. tingling, or numbing.
Zome people dascribz t as havieg slectricity on
veur tongus when you bitz i Approximatzly tan
unzaturatzd alkylamidzs have bzen Bclatzd and
identifizd in Hua Jiac. Thz principal tingling
compeonent of Hua Jiac is hedroxy-o-sanshosol
We dz ped four products from this spicg, and
they have bean granted as GRAS status.

Aroma compoungs The hzadspace amoma of
rnan; fruitz from the rainforzsts contains 2 largs
rumbzr of unsaturated esters which provids ths
characteristics of tropical fruity notes. lany of
thesz zstzrs, such as Z2-Llzthelbuty]l sznzcioate, 2-
zthyl crotonaldzhodes, zthyl senscicatz, and
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acid and tannic taste. In the base is a kidney shaped nut from where the famous cashew nut is
recollected (Figure 35). The aroma of Cashew contained a large amount of ethyl esters
including ethyl acetate (24.7%), ethyl crotonate (11.7%), ethyl isovalerate (7.7%), ethyl caproate
(7.3%), ethyl tiglate (6.4%), ethyl butyrate (5.4%), and ethyl 2Jmethyl butyrate (5.1%). A
relatively large percentage of acetoin (6.6%) was also found.

TasteTrek® with Customers In 2003 one of our customers in China initiated a collaboration
project asking Givaudan to develop a series of cuisine flavors for its new products using the
TasteTrek technology. So we went to China, sampling the aroma of the customerJspecified
targets. It was an interesting trip, and the technical staff of the customer worked with us during
aroma collection (Figure 36), verifying that the aromas we captured were exactly what they
wanted.

Source of New Ingredients TasteTrek® projects produced not only aroma reconstitutions, but
also many interesting ingredients. Although the molecules are known, but they have not been
used for flavor compounding. Some of these molecules have been patented for flavor
applications by Givaudan.

Here are some examples of flavor ingredients and aroma molecules:

ei~= ga~¢ (China). Hua Jiao (fruit of w~aiUcAsaia= AiaOE~aia Maxim) (Figure 37) is widely
used as spice and medicine throughout Asia. In addition to it unique aroma, it has a unique
trigerminal effect, which is described as “MaO, tingling, or numbing. Some people describe it as
having electricity on your tongue when you bite it. Approximately ten unsaturated alkylamides
have been isolated and identified in Hua Jiao. The principal tingling component of Hua Jiao is
hydroxyJaJsanshool. We developed four products from this spice, and they have been granted
as GRAS status.

raca~= AcaéciaCéK The headspace aroma of many fruits from the rainforests contains a large
number of unsaturated esters which provide the characteristics of tropical fruity notes. Many of
these esters, such as 2JMethylbutyl senecioate, 2J ethyl crotonaldehyde, ethyl senecioate, and
3J
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O Figure 38



