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Molecular Modeling Pro Flavor Plus

1. Physical and Chemical Properties calculated from
a molecular odor/flavor and fragrance modeling program

2. Applying these Properties to Develop new flavors/fragrances
or to Improve on delivery or cost of existing flavors/fragrances

3. Predicting High impact flavors or aroma

4. Developing time dependent flavor profiles (burst to delay)
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Applications

1. Odor and taste thresholds for food and beverage flavors
2. Thresholds for fragrances and environmental volatiles
3. Off-flavor reduction/elimination in food and beverages
4. Provide Cost advantages by optimizing ingredients

5. Currently used in fragrance industry to develop wash off applications
candle fragrances and the masking of odors

6. Can be used for designing liquid/semi-solid or solid food flavors
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Description of Program

1. A tour of the Flavor & Fragrance Program
2. How to use the information for Flavor Development
3. Example of a Fragrance System and Interpretation

4. Conclusion
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w. Flavor, Fragrance and Odor Simulator

Urits

e fraction in liquid:

fraction in vapar;

Run for Initial Calculation
/ of Flavor Properties
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Is x 20

. Graphs
|Jzer Inputs Resultz [ppm) Critical properties
Temperature [degrees C): [37 ?dotr ;h,;;ash0|di |2082746E-02  to |E.348587E02 Critical temperature: |7595.8?3? Concentation vs. distance for ethimethylbutyrate a ime = 10 sec
Pressure (atmospheres): [ tha* ‘; | d?"” |0.3447444 to [1.064364 ma/L flawar in vapor
Bailing point [deqrees C: o Ciiical pressure: 26 03311
ap g - 1443 Parameters used in the calculation
Diepzity: 0.8ER3743 Ratational Translational factor 17 78279 Critical volume:  |445
Molod [z sec”2)
olecule name:
ethylmethylbutyrate \apar pressure [atm] lillﬂ'l 77 Momente of ot

Chose the solvent Critical compressibiliy: 02557064 Component 1: (573 2204
Acentic: factor: 0.4528425 Component 2: {208 0798
Second virial component .3946.997 Companent 3 (547 5346

[zr™3/male]:

Diffusion coefficient (cm2 sec) [7. 033453602 Radius of Gyration: 3 30825

[ factor [odor)cm/sec™2): E586.213 Piin Fiaport
[ factor [taste)[cmdzec™2): _ 1
Run 1104825
i i Duit distance [cm)
(O ptional calculation parameters Optional calculation results:

| ppm of the Flavar 1 Male fraction in liquid: 1 333034E-06 Ddor Threshold exceeded at time 10

Briw lewvel of beverage o sec at distance 0 cm. Odor Threshold
9 150 Mole fraction in vapor. |2 9120908E-04 exceeded at time 102 g at distance &
Denzity of bewerage: 1.9 cm.

Corcentration v, time for ethylmethylbutyrate at 5 cm
ma/L flavar in vapar

0.0653

Air Diffusion and
Concentration Gradients

of compound in -
Distance and time e ()
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Center
Mode = Add C with hand.1
B mmp - Notepad

Scale | Tranzlate Perzspect Mew Mol Connect

File Edit Format Wiew Help
Solubility Parameters (25 C) for ethylmethylbutyrate:

Fragment addition LogP =2.128
Atom Based LogP =1.7932
Atom Based MR =35.9637
Q Log P: N. Bodor and P. Buchwald, 1. Phys. Chem. B, 1997, 101: 3404-3412
-- 0 Log P= 2.390312
-- Hydrogen bonding number= 2
-- Molecular wvolume used for QLogP= 119.8848
-- Mote: walue of Q Log P will vary sTlightly from Bodor's due to
difference in the method of the molecular wolume calculation.
molecular weight HLB= 2.75809404245717
volumetric HLE = 2.77755224993874
Hanzen's 3-D solubility parameters (delta/sqr(MPal) -empirical:
-- dispersion = 15.36521
-- polarity = 3.198988
-- hydrogen bonding = 5.918324
-- solubility parameter = 1677348
van Krevelen and Hoftyzer's 3-D solubility parameters (JACL/2))/CamAC3 /2000
-- dispersion = 15.57508
-- polarity = 3.261449
-- hydrogen bonding = 6.825842
-- molar volume {(cmA3/mol) = 150,24
-- solubility parameter = 17.31509
-- Mote: some references use calAll/2)/cmA(3/2) [divide above by 2.046 to convert].
Hoy's system (1985) for calculation of the 3-D solubility parameters ({IAL1/2))/ComA(3 /2

-- molar attraction function {solubility parameter) = 19.70002
-- dispersion = 14.62914

-- polarity = 7.491348

-- hydrogen bonding = 10.86089

-- molecular aggregation number= 1.436671

-- Energy of cohesion (J1/mol1){Ref: Hoy)= 39748.55

-- molar volume = 129.01]

Energy of cohesion (1/mol)(Ref: Fedors)= 45440

hydration number =1.5

hydrophilic surface area = 2.19178273018375 cmAd/mol =x10A%
% hydrophilic surface area = 18.3395393150312
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Definition Aroma -

= Optimal release of flavor compound based on releasing
media and physico-chemical properties of the flavor.

= These properties can be measured experimentally,
defined empirically or calculated using physical
properties.

= Define “Aroma” or “optimized release values” as the
value of a calculated of a flavor out of
water (or a chosen specific food or solution) per time.

= Water release pressure is the product of the diffusion
coefficient X G factor (odor) X odor threshold (ppm)
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Predictive Importance of Aroma Release Values

» Release accurately predicts the release order in time
of materials in a multi-flavor system

* Release can be calculated for any flavor/fragrance.
Multiply release by parts added and order from
highest to lowest.

*Ability to group materials in release order to
further control aroma hedonics and engineer
consumer perception.

* Abllity to design new flavors and hedonics
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Example For a System of Flavors/Fragrances
Predicting the Aroma on Dilution with Water

Calculation of total release pressure, and
Impact on release using 50 flavor/fragrance components

The following slides show odor predictions:

1. Order of release of 50 components from a mixture at a given composition based
on order of magnitude changes in release pressure

2. The order is of undefined time but usually represents 5 second intervals
3. Within each order is a major impact component
4. Odor impact calculation for each component can be determined by

running optional graphs of vapor concentration and comparing concentration
in vapor with respect to odor threshold.
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Graph of Odorant Residence Time in Headspace
According to their Release Values

GC Abundance
1400 -
ethyl formate

linalool

v a-lonone

hexyl ¢cinnamic
“ cyclamen aldehyde aldehyde
ethyl-2-methyl

1 butyrate > <

Reference: Perfumes for Rinse-Off Systems U.S. Patent 7,446,079 B2
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Odor Evaluation of 50 component mixture and
Hedonic Progression from Water

Water Release Order Predicts

Citrus tangerine

Green floral apple

Floral

Peach tropical, papaya

Evaluation Comments:

“A lot of pop, tropical fruity citrus, grapefruit citrus blend,
green, cassis, floral amber” -

“Cucumber floral aldehydic, apple, rose”

“Floral, fresh citrus grapefruit orange, musk, floral peach
woody”

5/23/2023 Prepared for Gen-Scent Research 26
by Richard Turk



Concentiahion vs. tme for marcanale at 2 cm

Predicting Odor Impact within a Release Group

| &8 Flavor, Fragrance and Odor Simulator

Ext  Untts
User Inputs
Temperahse (degrees C} 37

Pressue [stmospheres) |1
Boling port [degrees C} [167 27
Densiy 08442411

Resuks {ppm)
Odor theeshold [1 31030E-2 1o [6.605704E-02

JeseMavee [o251227 @ [127008

Parameters used n the caloulation

Rotaticnal Translabonal factr  [17 70079
fom 58”2}

X |

Crcal properties

Cibcal tempeeatize (516 8702

Crbcal pressure: [35 11655

Cibcal volume ,r

Molecude name fosro anate Vape preiscss foki}

Crixcal compressbdty 02515%79
Acerinc factor: 0 490355
Second viial component

l 5243 8584291336
fom"3/molel

Dituson cosfficent [cm™2 sec) [§ 5931468 2
6 foctor [odorfemvoec™2k 5715 2837446795¢
G factor tastellem/sec™2) 1088505 48228734

07245 | _pomess cfinesin
Conporent - (735188
Conponent2 {7280
Conponent3 (S04 3307

Radus of Gyrabon: (37268008

Birt Repod
Qu

1 200607 Odor Theeshold exceeded ot tme 1 sec
3t dutance Ocom

I A4TNED

Opional calculston results:
Mole fraction n bqud:

Mole fraction in vapor

ppm of the Flavoe 1
B level of beverage [79
Densty of beversge: |1 05

Compare Concentrations in Headspace at 25 seconds with Odor
Threshold to Calculate an Odor Index (0.0068/0.0131 = 0.519)
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Rationale for Flavor Design

- Values for total water release are quantity related:
Release; = (parts in formula) x Release

- Able to move up and/or down the defined “release”
depending on the In formula and value of
Release: dynamic and flexible design of flavors within a
specific formula

- Able to predict residence time or duration of aroma by overdosing
on

— |.e. burst or fresh
release perception of certain notes or change of hedonic
Impression of the released flavor after a certain time
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Computer Applications in Flavor/Fragrance Design

Capabilities for Criteria for Success:

» Optimize aroma or water release formulations using predicted properties
« Engineer flavor aroma character according to calculated release profiles
 Cost considerations and economical advantages can be predicted
* Predict odor indices related to ODT in air and in liquid

* Program can be applied to water/emulsion systems,
flavor burst, and with off-flavors
or other systems requiring flavor modeling

See-US Patent 7446079B2 for more details
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