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Chemistry so good you can eat it!
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flavor COMponents

* Esters

* Acids

» Alcohols
* Aldehydes
e Ketones
o Sulfurs
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“Water is life's mater and matrix, mother and medium.
There is no life without water.”

Albert Szent-Gyorgyi (1893-1986)
. Hungarian Biochemist
. Nobel Prize in Medicine, 1937
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Water clustering in liquid water ‘ﬂ]

strongly associated (low-density) water

clusters of four water molecules may come together to form water bicyclo-
octamers.

® (A)is high-density, low volume, high active, high enthalpy, high entropy

® (B) with additional hydrogen bonds (shown green), with 60° relative
twist, is low density, high volume, low active, low enthalpy, low entropy.



Expanded structure (E5 Cnllapsed structure (C5)
P

B AH s tve
A5 s tve
AW s -ve

ES: 0.94gcm3 CS:1.30gcm?3

The stability of the network is finely balanced, being able to fluctuate between
an expanded low-density structure (ES, left) and a more dense collapsed one
(CS, right) without breaking any hydrogen bonds and consequent on small
changes in the hydrogen bond strength relative to the non-bonded interactions.
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Cassava starch

| (Bar 10 um)
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Arrowroot starch

Corn starch
(Bar 10 um)

"Rice starch
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Buckwheat starch
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Kidney bean starch
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S (> (retrogradation )
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Retrogradation of Starch Molecules
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Fecall that after gelatinization the
amylose is remoanved from the
granule. Above is a diagram of
amylose malecules.

[
'

[
[
L

[
[."JU

Linear Partion

00000000

l'|

.u' g0 00000
LY

nﬂ..

|

lUpon cooling the linear portion of
these molecules line up. They remain
together due to H-bonding.

This process remaoves the water

fram in between them so they can
crystallize together. This is called
retrogradation.
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histo 'V of the flavor industry

« Developed 160 years ago

- Started as an art, not a science

« Most flavor companies also sell fragrances
« Maintain inventory of over 5,000 ingredients

- Large flavor houses have extensive research
divisions




technical roles in the fiavor industry

Flavor Chemist (flavorist)

Food Scientist -
Analytical Chemist :! :j‘

e
v

| —

Organic Chemist
Bio-organic chemist
Chemical Engineer

Sensory Scientist

Quality Control Chemist

Quality Assurance Chemist

® Microbiologist



flavorists TO-ClO Jist

* Create new flavors for customers

e Match flavors

e Support production

* Technical support for customers
 ldentify important character components

e Screen new interesting ingredients




flavor In food

« Enzymolysis
« Fermentation

« Cooking/Heating




reactions

Maillard Reaction

Carbohydrates Amadori Thermal Flavor

_ + _ Compounds Degradation Compounds
Amino Acids

Coffee: Furfuryl Mercaptan




reactions

Example: Beer

Name Ale Lager Stout
Isopentanol 47-61 32-57 33-169
N-Propanol 31-48 5-10 13-60
Isobutanol 18-33 6-11 11-98
2-Methyl Butanol 14-19 8-16 9-41
Diacetyl 0.06-0.30 | 0.02-0.08 0.02-0.07
Pentane-2,3-dione 0.01-0.20 | 0.01-0.05 0.01-0.08
Ethyl Acetate 14-23 8-14 11-69




O NH,

L Oxidative o
HO>—<_< Transamination decarboxylation W
OH

Leucine A-KG{EU 3-Methyl Butyric Acid

o N Lipoxygenase Lyase OQ“C/W
H
/

Linolenic ACid Isomerization T-2-hexenal



Key Character Components

HO
e(Grass cis-3-hexenol \_\I
~0
HC -~

*Cherry  benzaldehyde

O O
eBanana isoamyl acetate \(\/ \|¢



the flavorist’s

Natural Extracts/ Oills

Fermentation Products

Enzymolysis

Synthetic Chemicals

All screened by FEMA (Federation of Extract Manufacturers)
for safety



identification of flavor components

« Historically by taste
e GC-MS
o GC-Sniff




lemon compounds

Known Lemon Compounds From Literature

o Primary compounds

o Complete list of 242

< A look insid the lemon



lemon compounds

TIC: B011120D.D

1.4e+07 3 Limonene
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primary lemon compounds

Compounds % in CP oil Compounds % in CP oil

aldehyde C-07 Low aldehyde C-10 0.06
alpha thujene 0.45 citronellol 0.02
alpha and beta pinene 14 nerol 0.03
sabinene 1.9 neral 0.9
myrcene 1.5 geraniol 0.2
aldehyde C-08 0.08 linalyl acetate 0.1
limonene 66 geranial 1.5
terpinene, gamma- 9.2 perilla aldehyde 0.4
linalool 0.1 beta-caryophyllene 0.2
aldehyde C-09 0.13 bergamottene 0.4
citronellal 0.1 beta bisabolene 0.6

terpineol, alpha 0.18 4 ‘



list

242 compounds in lemon juice and peel oil

Hydrocarbons (45)

Alcohols (61)

Aldehydes (29)

Ketones (19)

Acids (10)

Esters (34)

Phenols (4)

Bases (1)

Acetals (1)

Sulfurs (1)

Ethers (19)

Epoxides, pyrans,
coumarines (18)

Data by TNO




for compound identification

Flow diagram

New proprietary TDS L
method for solating

volatile chemicals ‘ . ‘ C O

!

FID/MS Make-up gas
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Injection port

Nose/Sniff

30% Column HP5
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method for compound identification

GC Sniff instrumentation




method for compound identification

Stir Bar Sorptive Extraction (SBSE)/GCMS Sniff

Equipment:

e Twister with a film thickness 0.5mm, 20mm length, pdms
coating

 TDS (thermo desorption system) \

e Liner:0°C

« HP5

Method:

e Cut and squeeze the lemon

e Add a Twister to the juice and stir for 30 min.

» Add the Twister in the TDS : (heat 20°C to 275°C with a
rate of 60°C/min then 275°C for 1 min)

 HP5 : 60 min, 3°C/min

» Sniff for detecting compounds




method for compound identification

Sniff compared to MS

« Many of the sniff response peaks corresponds to previously ®
identified and reported compounds

» Several unknowns were identified using GC sniff

 Positive GC sniff response whereas no peak on the total ion
chromatogram

Sniff response time compared to single ion chromatogram @

Unknowns identified through mass spectral data

Confirmed by injecting the ‘neat’ chemicals




CITrus flavors

NI or Natural
Isolates/Fractions
“Top Notes”

Mid to high fold
Citrus oils
“Stability and Impact”

Low Fold Citrus Oils
“Body”



strawberries

Aroma Chemical Level: 3-10 ppm

Number Aroma Chemicals: 300-400

Level Individual Chemicals: 1-100 ppb

Chemical Source: Enzymatic Hydrolysis




building a flavor




GC of Nostrani Lemon - MS vs snhiff
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Example
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Flavor Analysis F¥g4r
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Modern Flavor Research

PUAR B RETF I i Symils
2 BWI LI Rz
Aburdnea TIC: [SBiNGBI785A D TG [ESETMSs7eshD
K i eauresaD TE: [ESBINSHTEAD
3500000 lﬂ({'_ . .
e - Saliva before smoking
50000004 -('% mw%@ﬁmﬁ
D Saliva after smoking American tobacco
S N .
o : IR 2 2 R 5
©
c 1
400 ﬁg g -]-]_'E[ Hll m
- Lo
35000 ’E_}'Q _ i"‘-ﬁ HQ Ld‘ ili_]
{é’ = g 4 g ™ Py
000600} = m .K i PLg )
=3 ?_(;}E 3 ()
O S S ERE 3
1 E Q Z ’]]I 1 m
E oo 3 N & g 2
1
200000 NGJ 'g g o iEHHKH_ Hq] % $ m %
T - c =
Bs 5§ & 3§ = s S g i
15000004 i—é é _c'l g é g 515 8 < 13- 1 !
Q < £ = 3 = o =2 ~ &Lﬁg
= E‘ E; c E c 0 1 g 1 m
1000000 T ¥ S I . (o) c o q—
8 3 O 5 EHieY o
swm[ S 7 |c—ts (Q\
U S . ; Wwww
Tnle->;01‘1”3ll[rlﬂut;lﬂlﬂuﬁ‘ﬂﬂhl500?DU BllD QDD 1000110012011130014001511016001?Dll1!001300EMU2100220023|0024002500260[12?002&002300 100 3200 3400 JEUDHELGDU 4000 4201} 441}0 4800 4800 5000 5201} 541}0 5800 5900 G000 6200 8400 BRO0 R0

Chart 123, Tobacco Congress Shanghai Nov. 2004 Dr. Jens-



Modern Flavor Research
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