The Oxidative Stability and Retention
of a Limonene-Based Model Flavor
Plated on Amorphous Silica and
Other Selected Carriers*

By T. A. Bolton and G. A. Reineccius, "
University of Minnesota, St. Paul, Minnesota

Mnﬁt flavor chemicals are liquids; however, many foad
products require that the flavoris in a dry free-flowing form.
For example, a dry flavor is necessary in situations where a
flavor isto be incorporated into gelatins, dry beverage mixes
and dry cake and cookie mixes. The simplest means of
producing adry flavoris to “extend” or “plate” a liquid flavor
on a dry edible carrier.

In the typical manufacturing process, the carrier is first
added to a miver (or blender) and the mixer is turned on to
fluidlize the carvier. The liguid Mavor is then sprayed onto the
carrier until the desived amount of flavor has been applied.

The only equipment required for this process is a mixer
(preferably closed) which is capable of Muidizing the carvier
and also has aspray applicator that can uniformly distribute
the liquid flavoring.

Several types ol closed mixers can be used to pmchme
plnted flavors. Three emmples include: (1) a |iquic|sf.';u|ic'|s
Voblenderwith an intensifier bar; (2) a Littleford Mixer with
intensifier blades;* and (3) a Stephan Mixer.**

[Fthe Mavoring is viscous, such as are many spice oleores-
ins, auxiliary pumps and heaters may be needed to facilitate
the plating of the {lavor onto the carrier.

The liquid flavor can be plated on many different types
of carriers, The carrier must be approved for food use and
must be compatible with the flavor and the end product.

The traditional and most commenly used flavor carriers
are salt (sodium chloride), simple sugars (lactose, sucrose
and glucose) and hydrolyzed starches (maltodextrins).

* Litthefiand Brothers, Floesee, KY
- Steplun Machinery, Columlaes, OH
* Preor reviewed
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Oxidative Stability and Retention

The patent literature reveals that Navers are plutﬁd onto
just about imyth ing that is considered edible, Tea and colfee
solids, sweet wln_ry.. dr}* milk, eracker meal, cereal solids,
vegetable pulp, insoluble fibrous alginates, spent bran and
wheat flour are examples of carriers that have been used.
Specialty products, such as microporous starches'® and
alliurphmlx silicas™ are also cited in the patent literature as
Mavor carriers.

Little information is lmhll'xlmcl mgzml:ing the effect of
the carrier on the plated Havor. It is empirically recognized
that flavors I:-l:ltu{] on salt and Sugars r.ipidl}'{:-xidizu and are
remlily lost due to evaporition. In addition, the maximum
amount of flavor that ean be :lpp!iml to salt and SUFArs is ]{:-w,
ranging between 3 and 759%.

The use of modified starches as Qavor carrders offers
increased ﬂawlr-luading capacities. Spray-dried
maltodextring, which are commonly used to carry liguid
flavors, ean hold up to 25% of their weight in flavor before
they become tacky. However, like the sugars and salt, flavor
loss occurs rapidly by evaporation anl the Mlavor is afforded
no protection against oxidation.

A product brochure published by a manufacturer of
specialty maltodextring® proposes that the applied flavor
loads by simple plating can be increased up to 3:1 (weight
of fMlavor to carrier) for light Havor oils and up to 1:1
for viscous oils by using their agglomerated porous
maltodextrin®® product.’®!! 1t is not known whether this
type of product restricts volatile flavor loss or offers any
oxidative protection to an applied flavor.

Also absent From the seientific literature is information
regarding the use of amorphous silicas to earry flavors. In
the United States amorphous silicas have GRAS status and
are approved for use as flavor carriers with limitations. The
use of amorphous silica cannot exceed 2% by weight in the
final food and currently can only be used to “encapsulate”
lemon oil, distilled lime oil, orange oil, peppermint oil and
spearmint oil (21CFR 172.230 and 21CFR 172.480).

In 1686, Villota and Hawkes reviewed the food applica-
tions and health implications of handling amil ingesting
amorphous silicon dioxide. The authors acknowledged that
seientific literature on the flavor-retaining properties of
amorphous silica is scarce, '2

We learned of the use of amorphous silicas as flavor
carriers from the late Dr. Paul Perry. Dr. Perry stated
(personal communication, University of Minnesota Flavor
Applications Short Course, 1988) that high flavor loads (2:1)
were obtainable with amorphous silica and that a flavor
would not deteriorate or be lost as quickly when plated on
amorphous silica as with traditional carriers. A subsequent
search into the patent literature revealed that the food and
flavor industry has been using amorphous silicas as flavor
carriers for many years.

We found that a patent was granted to the Pillshury Co.
(1968) for the use of amorphous silica to carry an edible

* A, E. Sialey Manulacturing Co., Decatur, 1L
** Micropor Buds 10154
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flavor 0il.? The silicaalso functioned as a flavor release agent
in the finished product. Another U.S. patent (1970) cited
the use of fumed amorphous silica as a carrier for liquid
spice ext racts.t

International Flavors & Fragrances Inc. was granted a
patent (1975) which described the use of colloidal amor-
phous silica to carry a hydrophebic flavor 0il.® The flavored
silica was subsequently mixed with an encapsulated flavor
oil and this combined flavor system provided sustained
release of flavor in a chewing gum application.

In 1977, a Danish patent deseribed the plating of an
ethanol-based aleoholic beverage flavor (1 part flavor: 1 part
carrier) onto amorphous silica.”

More recently, a German Patent (1989) described a
process for the manufacturing of a ground roast coffee with
improved favor and storage stability. The cooled roasted
coffee was mixed with an adsorbent silica (up to 15% by
weight). During further processing, the silica was said to
adsorb, retain and stahilize the coffee aromas that were
formerly lost during the grinding p:':}m!ﬁs.ﬂ These five
patents are just a sample of the applications that incorpo-

Allured Publishing Corporation
P.0O. Box 318
Wheaton, IL 60183, USA
Telephone 7O8/853-2155
Fax 708/653-2182

Perfumer & Flavorist is published bi-monthly as Januarny/
February, March/April, May/June, July/August, September/
October, MovemberDecember issues. Allured Publishing
Cormporation, 2100 Manchester Road, Bullding C—Suite 1600,
Wheaton, IL 80187 also publishes Journal of Essential Off
Reszearch, Cosmetics & Tolletries, Flavor & Fragrance Materials,
Essential Oifs, and Cosmelic Bench Reference.

Stanlay E. Allured, Publizher/Editor
Brian M. Lawrence, Editor for Matural Products
Sudha A. Bhalt, Assistant Editor
Mancy Allured, Advertizing Salps Managor
Carola |. Stephanides, Advertising Production
Janet Ludwig, Production Manager
Sharon L. Beaver and Maura Keala, Production
Mary Ann Christianson, Editorial Production
Baetty Lou Allured, Circulation Managar
Valerie A. Lorusso, Cireulation

Subscriptions: USA and Canada US$95.00 ane year; other
countries US$125.00 one year shipped by air. Single copy,
US825.00. Copyright 1992, Second Class postage paid at
Wheaton, llincis and al additional mailing offices. Postmaster:
Sand address changes to Perfurmer & Flavorist, P.O. Box 318,
Wheaton, IL 60188,

Authorization to photocopy items is granted by Allured
Publishing Corp. provided that the fee of USS4.00 per copy per
item is paid direcily o the Copyright Clearance Cenler
Transactional Reporting Service, 21 Congress St., Salem, MA
01970, 0272-2666/9254.00.

Missing issues: Claims for missing issues must be made
within three months of the date of issua. When requesting a
change of address, give both the new and old addresses. Allow
two months for the change to become affective.

Partumear & Flavorist’d




Oxidative Stability and Retention

Table I. Physical and chemical properties of the
commercial silicas

Analysis* Sylox 15 Syloid 74 Syloid 244
Physical properties
Particle size (u)
Coulter 70y apartura 4.1 B.7 39
Malvern 8.4 7.7 6.6
Surface area (méfg) 209 302 434
Hg Poresimeter
Pore volume (o) 2025 1.2 1.6
N, Adsorption
Chemical properties (% Dry Basis)
ALO, 0.12 0.04 0.05
Na O 0.69 0.06 0.05
Cal 0.07 0.14 010
MgQ 0.03 0.04 0.03
Fa,0, 0.03 0.01 0.01
50, 0.18 0.06 0.04
Si0, 98.84 88.61 99.67
Loss on drying 145°C 10.54 4.06 1164
pH (5% slurry) 8.97 7.34 7.87

° Danta courtesy of W, R. Grace & Co., Davison Technical Canitar,
Ballimore, MO 1950

Table Il. Molecular weights and boiling points of

flavar compounds
Compound Molecular wi.  Boiling pt.°C
acetaldehyde 44.05 21.0
alhyl acetate 8a.11 76.5
thiophens 84.14 84,2
elhyl propionate 102.13 89.0
athyl butyrate 116.16 120.0
2-hexanone 100,16 127.0
2-methyl pyrazing 04,12 135.0
heplaldehyde 114.19 153.0
2-oclanona 12822 173.0
limonana 136.24 1755
benzaldehyde 106.12 178.5
cinnamic akdehyde 132.16 253.0
augemnol 164.20 254.0

Table lll. Percent (g flavor/g total) of model flavor

8]
TR + HO
Limonanag ycropomide Canvona

Figure 1. Decomposition of limonene hydroperoxide
to carvone

plated on each carriar
Carrier % Flavor Carrier & Flavor
sucrose 3 M100 3,10, 20
D-fructose 3 Micropor Buds 10154 3, 10, 20
D-glucose 3 Syloid 74 20, 50
D-laclose 3 Syloid 244 20, 50
MatCl ] Sylox 15 20, 50, 66.7
cantab 3

2
Y

1.2-epcuick

Figure 2. Decomposition of limonene hydroperoxide
to 1,2-limonene epoxide and carveol

4/Partumer & Flavanst

rate the use of silica as a flavor carrier,

The above mentioned patents clearly establish thatamor-
]'.lhtllls silicas are curmnlly Imiﬁg used as flavor carriers and
that the use of amorphous silicas as flavor carriers is not a
new idea. It is of interest that information on the use of
amorphous silica as a favor carrier (i.e., flavor-loading
capacity, flavor retention and the stability of a flavor plated
on silica) is absent from the scientific literature,

The objective of the following study was to evaluate
amorphous silica for use as a flavor carrier. Our study was
limited to two different types of amorphous silicas, specifi-
cally two aerogels and one xerogel. In order to compare the
performance of these silicas to other flavor carriers, a
selection of traditional carriers (sodium chloride, dextrose,
fructose, glucose, lactose and sucrose) as well as newer
materials® was included in this study.

Experimental Details

Selected Carriers—The carriers evaluated in this study
were (all of the carriers were used as received):

sucrose (granulated cane sugar, California and Hawai-
ian Sugar Co., Concord, CA), D-fructose (98% pure crys-
talline, Aldrich, Milwaukee, WI), D-glucose (anhydrous
granular, Spectrum Chemical Manufacturing Corp.,

* Maltodestrin ad Micropor Buds 10154
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Figure 3. Shelf-life of model flavor plated on M100, Sylox 15 and Syloid 244

Redondo Beach, CA), D-lactose (monohydrate powder,
J.T. Baker, Phillipsburg, NJ), Sodium chloride (NaC1,
USP table crystal, Morton Salt, Chicago, 1L}, Cantab (an
agglomerated glucose, Penford Products Co., Cedar Rap-
ids, 1A), M100 (a 10DE spray dried maltedextrin, Grain
Processing Corp., Muscatine, IA), Micropor Buds 1015A
{aspecialty processed agglomerated 10D E maltodextrin, A.
E. Staley Manufacturing Co., Decatur, IL), Syloid T4 (an
amorphous silica xerogel, W. R. Crace & Co., Baltimore,
MDY}, and Sylox 15 and Syloid 244 (hoth amorphous silica
aerogels, W. R. Grace & Co., Baltimore, MD).

The physical and chemical characteristics of the silicas
evaluated in this study are presented in Table L. Sylox 15 and
Syloid 74 and 244 are silica gels which have completely
hydroxylated surfaces. '

Model Flavor—A limonene-based model favor was
prepared using 88% D-limonene and 1% of each of the
following flavor compounds: acetaldehyde, ethyl acetate,
thiophene, ethyl propionate, 2-hexanone, ethyl butyrate, 2-
methyl pyrazine, heptaldehyde, benzaldehyde, 2-octanone,
cinnamic aldehyde and eugenol. All of the flavor com-
pounds were supplied by Aldrich Flavors and Fragrances
(Milwaukee, WI). Table IT contains the relevant physical
data on these flavor compounds.

G/Perfumer & Flavorisi

Sample Preparation—The carriers and percent com-
positions of model flavor plated onto each of the carriers are
presented in Table TIT. All of the samples were prepared in
200.0 g batehes.

The plating procedure was accomplished by first adding
the appropriate amount (6.0-133.3 g) of mode] flavor into a
separatory funmel. The carrier (194.0-66.7 g) was weighed
intoaca. 500 mLrounded glass mixing bowl. The separatory
funnel was positioned such that the tip of the funnel rested
on the top inside lip of the bowl. The separatory funnel
stopeock was then opened to permit drop-wise addition of
the Navor down the side of the bowl and onto the carrier.

The favor was blended with the carrier by hand using a
stainless steel whisk and spatula. Blend time was kept ata
minimum but varied depending on the type of carrier and
the amount of applied flavor. The salt and carbohydrate
carriers required minimal blending (3-5 minutes).

Special care was taken when blending the Micropor
Buds 1015A and the Cantab products to maintain the
integrity of the agglomerated structure. Mixing of these two
carriers with the {lavor was only performed with the whisk.
The silica carriers re:luired more ]Jlﬁnding (5-8 minutes) to
c'mnly distribute the flavor.

Sample Storage—Samples (10,00 g) of each carrier/
flavor combination were wﬁ'ighu{l into vials and dup]icatﬂ

Vol, 17, March/April 1992
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M100 20% MODEL FLAVOR

mg g PLATED FLAVOR

incubator and 10-15% relative humidity.
Samples were taken for analyses initially
(just after plating) and then every 2-3
days.

Analyses—The amount (g flavor/g car-
rier) of each flavor compound remaining
on the carrier and the oxidation products
oflimonene were determined by capillary
GC.

For the storage studies, the model fla-
vorwas first recovered from the carrier by
extracting the carrier with 20 mL of an
acetone standard solution (0.1 mg/ml of
tridecane was added to the acetone as an
internal standard). The acetone was added
directly to the sample vial. The vial was
capped and then vortexed for 1 min. The
carrier was allowed time to settle out of
solution (ca. 2-4 hrs at 4°C). An aliquot of
the acetone extract was taken from the

s 10 15 20 25 30
STORAGE TIME (DAYS AT 35 ©)

Figure 4. Flavor retention on M100 (20% model flavor)

top of the sample vial and a direct liquid
injection (1-2 pL with a 1:40 split) of the
extract was made into a GC.

The flavor compounds were separated
using a Hewlett Packard 5890 Series 11

Cas Chromatograph and a DB-5 column

]
(=]

-
T

104 '. : "s, PO

mg TOTAL FLAVOR/g PLATED FLAVOR

h

{30 meters, 0.32 mm inside diameter, 1 p
film thickness, ] & W Scientific, Rancho
Cordoba, CA). The following GC run
parameters were used: initial oven tem-
perature 40°C, initial time 2 min, oven
program rate 5°C/min, and final oven
temperature 250°C.

An internal standard procedure was
used to determine the amount of each
Mlavor retained on each sample as well as
the quantities of known limonene oxida-
tion products (limonene epoxide, carvone
and earveol) formed during storage.

Preliminary studies demonstrated that
97-104% of all the compounds added to
the model flavor were recovered by the
acetone extraction. In addition, limonene
epoxide, carvone and carveol were recov-
ered equally well by this procedure.

0 5 10 18 20 25 30
STORAGE TIME (DAYS AT 35 C)

plated with 20% model flavor

Figure 5. Total flavor retention (excluding limelene) on flavor carriers

Static headspace analysis was also car-
ried out on all of the SHII'IF]HE just after
plu’ring. ]-[e:ulxpum.‘. 53 m[.‘-]ill I WS aceon-
plished using a Hewlett Packard 193954
Automated Headspace !iamph:r. Hllmplﬂx

sets (20 per set) of each carrier/flavor were used in the study.
For one of the two sets of samples, the vial caps were left off
in order to monitor flavor loss. The second set of vials was
capped to enable monitoring flavor oxidation indepen-
dently of flavor loss. The samples were placed in a 35°C

Vol 17, March /Aprl 1962

(1.0 g} WETE we:ighm] it 20 L. glﬂss
headspace vials. The sample vials were
capped and sealed with Teflon lined septa and equilibrated
at 35°C for 2 hrs. An injection program with a 15s vial
pressurization, a 15s vent (3 mL loop) and 90z injection onto
the GC was used.

The sample injection was I:'r)"n-rm:uxﬂd I'.l_',-' inserting the
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Table IV. Physical properties of the three silicas

Tor % pore volsme fllad.
* flaver load

Total Taotal Total Total
pore pore' surface area ¥ pore vol. filled
volume diameter  of pore
Silica cclg openings (A%) 200" 50% 66.7%
Sylox 15 23 g 43 1_ =3 1,_4671_11“ 10 48 90
Syloid 74 1.2 159 1.99 x 104 22 85
Syloid 244 1.6 147 1.70 x 10° 16 63

1. Pores were assumed io be cylinders, Average olal pore dianeled/g was estimatad fram the average total pors volume colg and average total sudace
arga mig. Average lotal pm&dlametorﬁ.l'g = (4 x pore volume cmd/suriace area m® x 100 cm®im®) x 10°

2. A density of 0.84 g/ce (density of imonone) was assumed for the model flaver. Flavor lost during plating (Table V) is accounted 1or in the values reponed

—

Table V. Percent of total flaver lost during plating
and storage (excluding limonene)

Percent total flavor loss
Carriar o 2 i i2 20 aa
3% Model Flavar
MaCL 54 73 a1 a8 . &
SUCTOSE 50 75 23 a8 . .
fructose 46 80 a2 99 i "
lactose 57 78 84 . * 5
dextrose 49 7 a3 11} ' "
cantab 53 Bz i) 88 5 P
MO0 61 80 a2 99 i %
Micropor Buds B3 BB a8 . . C
10% Model flavor
100 35 72 82 88 a0 94
Micropor Buds 51 GG 86 80 82 86
20% Model flavor
MA0D 22 57 Fi w a1 a9
Micropor Buds 40 61 76 a1 a8z 83
Sylox 15 24 42 54 61 63 68
Sylokd 74 13 25 46 49 52 55
Sylold 244 i85 )| 36 l:] 46 52
50% Model flavor
Sylox 15 10 B0 72 7 82 24
Syloid 74 16 44 58 B4 70 75
Syloid 244 15 45 53 58 B5 70
! Time (days a1 35°C)

first ca. 20 cm of the capillary column into liquid nitrogen.
Separation was accomplished using the same GC, column
and run conditions that were described for the liquid
injection.

End of Shelf-Life—TFor this study end of shelf-life was
defined as when the amount of limonene epoxide formed
during storage exceeded 2.0 mg/g limonene. '

B/Parfumer & Flavorist

Results and Discussion

Limonene Oxidation—The oxidation of limonene re-
sults in off Havors which are typically deseribed as “piney,”
"turpentine-like” or "painty.” Many natural flavor oils, pri-
marily citrus oils, are made up of 60-95% limonene. The
total worldwide production of eitrus oils is approximately
19,5890 tons. 1

Preserving the quality of these flavor oils is of great
cft'-::-rlmni::gigniﬁr:nnm-.. Limonene has been protmted against
oxidation in citrus oils by Sj“'ﬂjr"dr}"i'llg..lﬁ extrusion,'” coac-
ervation and inclusion in f-cyelodextrin '

However, if limonene or flavor oils comprised of li-
monene are exposed to light and air, limonene readily
oxidizes by two known mechanisis: |1| wtosensitized oxida-
tion and autoxidation, 1®

In the presence of light, photosensitized oxidation of
limonene involves the 1,3 addition of singlet oxygen to the
endoeyelic tri-substituted double bond to form limonene
hydroperoxide. Limonene hydroperoxide decomposes to
form carvone or the hydroperoxide can attack another
limonene molecule at the endocyelic tri-substituted double
bond to form both limonene-1 ,E-Leljuxide and carveol
(Figure 1),20-24

Autoxidation of limonene oceurs via h).rdrugen abstrac-
tion at the alpha position to the tri-substituted endocyclic
double bond to lorm limonene h_-,'drulmruxitlu. The
hydroperoxides readily decompose to form the secondary
end pr{xiu{:ls carvane, limonene-1 ,E-L‘.Imxinle and carveol
(Figure 2). L

Limonene-1,2-epoxide has been found to be a useful
index for monitoring the ﬁlnhi]ii}r of limonene, Prior studies
have shown that 2.0-4.0 mg limonene-1 .E-l'pllxi(ll&! perg of
limonene corvelated well to the detection of unacceptable
ofl flavors in cold pressed orange peel oil by a trained
sensory panel." Sinee orange oil is ca. 94% limonene, the
use of limonene-1,2-epoxide as a flavor quality indicator
was applied to this study and avalue of 2.0 mg limonene-1,2-
epoxide per gram of limonene was used to define the end of

Vol 17, March/April 1992
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SYLOID 244 208 MODEL FLAVOR

shell-life for the model Navor,

In the present study, the oxidation of
limonene occorred |‘:-11:i{||:r', withind-6 d:-l_].'s,
onall of the carriers plated with 3% model
Mavor (Cantab, dextrose, fructose, lac-
tose, NaCl, sucrose, M 100 and Micropor
Buds 1015A). M100 and Micropor Buds
1015A plated at 10 and 20% favor loads
were found to have a shelf-life of 8-10
days.

The model lavor exhibited an extended
shelf-life when plated onto amorphous
silicacompared to the othercarriers evalu-
ated in this study. The shelf-life of the
5 madel lavor exceeded the time frame of
this study (38 days) when plated on Syloid
74 and Syloid 244 at 20 and 50% flavor

mig/ g PLATED FLAVOR

loads.

'l
15 20 25 10
STORAGE TIME (DAYS AT 35 C)

-
A
(=]

mg/g PLATED FLAVOR

T SYLOID 244 508 MODEL FLAVOR 3 1. CINMMEC ALDEHYDE
B L 2-0CTANORE

= 3. BENZALDEHITDE

= & HEPTALDEWYDE

35 40 A lesser shelf-life (24 days) resulted
for the model flavor plated on the Sylox
15 silica independent of the applied fla-

shelf-life data for M100, Sylox 15 and
Syloid 244 are presented in Figure 3.
The minimal shelf-life (4-10 days) of
the model flavor plated on the salt, sugar
and carbohydrate carriers is expected.
The flavor having been spread thinly on

T m—— the surface of the carrier is afforded no

protection against axidation. In fact, the
rate of limonene oxidation is gmntiy ac-
celerated as mmpm‘e«ﬂ to a |ir|uid li-
monene-hased flavoring alone.™ This
oceurs because the surface area of the
flavor is increased and, as a result, expo-

3 sure to OXYgen is increased.

The extended shelf-life of the madel
flavor plated on amorphous silica was
4 unexpected. Although seientificliterature

0 : i i L L L

o H] 1'0 1'.'1 ﬂlﬂ 2?) S0
STORAGE TIME (DAYS AT 35 C)

retention an Syloid 244 (50% model flaver)

Figure 6a. Flavor retention on Syloid 244 (20% model flavor), b. Flavor

on the oxidative stability of flavor com-
pounds on amorphous silica is not avail-
able, the oxidative stability of vitamins A
and E* and earthamin (i.e., Natural Red
No. 26, saffron)* adsorbed in amorphous

Table V1. Number of SiOH groups compared to the

number of adsorbed flaver molecules per gram

plated flavor (x 10%%)
SI0OH groups

Flavor Sylox 15  Syloid 74 Syloid 244  Flavor
Load molecules
200 10.1 14.6 21.0 9.0
50% 57 83 118 223
B66.7% 3.8 2.7

10/Perfumer & Flavorist

silica has been the subject of two patents.

The reported stability of these compounds adsorbed in
amorphouns silica may be relevant to this study. Like li-
monene, extensive degradation of these compounds aceurs
in the presence of light or axygen *™%

In order for silica to protect any molecule against oxida-
tion, the susceptibility of lahile bonds to attack by oxygen
must be hindered or oxygen must be restricted.

The observed stability of limonene is influenced by
differences in the physical and chemical properties of the
three silicas evaluated in this study. There are differencesin
average surface area, average pore volume, average pore
diameter, and purity between the three silicas and these

Vol 17, March/April 1992
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differenceswill change the ph}fsit:al strue-
tures and surface chemistries of the silicas
(Tables T and 1V).

Sylox 15 has a larger pore volume, a
smaller total surface area and a larger
average pore diameter compared to Syloid
74 and 244. The flavor adsorbed in the
Sylox 15 had more area of flavor exposed
to air and would be expected to oxidize
Faster than the Navor adsorbed into the
narrower pores of the Syloid 74 and 244
silicas [(average surface area of the pore
opening)/(average pore volume) per gram
of silica are 6.4 x 107 A¥/ce Sylox 15, 1.7 x
104 A¥ce Syloid 74 and 1.1 x 10 A¥/ec
Syloid 244].

The rate at which limonene becomes
oxidized when adsorbed in the silicas would
also be expected to depend on the applied
flavor load. This would oceur because the
surface area of the flavor is further in-
creased in apartially filled pore compared
to a Nlavor contained in a completely filled

wre. However, the rate at which limonene
oxidized when adsorbed in Sylox 15 was
independent of the applied Navor load
and no new limonene oxidation products
were detected after 38 days on the Syloid
74 or 244 silicas irrespective of flavor load
{Figure 3).

Another important factor determined
by pore size is the density of free hydroxyl
groups within each pore. The density of
free hydroxyls is greater in narrower pores
and a greater density of hydroxyl groups
facilitates interactions between the silica
surface and adsorbed molecule.'® Diene
honds (like those present in the limonene
molecule) are known to interact with the
silica surface through sharing of pi elec-
trons by the oxygen molecule of the silanel
group and the carbon-carbon double
bond.'* Limonene may be stabilized by
such interactions at monolayer flavor loads
(20%) but at higher flavor loads the bulk
of the flavor is not in contact with the
carrier and such interactions would not
aceur (see Table VI).

The presence of adsorbed water will
prevent limonene from interacting with
the silica surface. A fully hydroxylated
silica surface has 5-6 silanol (SiOH) per
nm2'3 In the Sylox 15, Syloid 74 and
Syloid 244 the proportion of water:5iOH
molecules were 3.4:1, 0.85:1 and 1.85:1
respectively (given the surface area and
the % maisture of the silicas, Table I). The

12Perfumer & Flavarist
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Oxidative Stability and Retention

adsarbed water molecules are not nec-
essarily distributed equally on the sur-
face of silica. Instead, water can form
bi- and tri-layers in localized areas and
free silanol groups remain available to
interact with other adsorbed mol-
ecules.!>13 It is apparent that Sylox 15
has considerably more surface bound
water, but it is not elear how or if this
may have influenced limonene oxida-
tion/stability.

Sylox 15 and Syloid 74 and 244 sili-
cas differ in their chemical purity. Nor-
mally the presence of trace metals such
as iron catalyze the initiation of singlet
oxidation of limonene. Concentrations
of 10-55 ppm of iron in orange peel oil
will produce a catalytic effect.™ The
amount of iron present in all three
silicas studied exceeds these concen-
trations (Table I). However, the iron
present in the silica is contained in the
bulk of the matrix and would not be at
the surface to participate in the oxida-
tion reaction.'? The silicas contain other

SYLOID 244
¥ 1. ET BUTYRATL 20%

% 2 LT PROPIOMATE 20T
# 3 ET ACETATE 20X
8 4. ET BUTYRATE 50%
B 5. ET PROPIONATE SOR
& 8, ET ACETATE 30%

mg/g PLATED FLAVOR

.“..-r;r--.“- EEARLIET  T—

e, -
10 15 20 25
STORAGE TIME (DAYS AT 35 C)

Figure 8. Retention of esters adsorbed in syloid 244 loaded with 20 and
50% model flavor

impurities (sodium, calcium and mag-
nesium, Table 1), but their possible

influence on limonene oxidation/sta-

bility is not known.

Also discussed in the literature is
the ability of a silica gel surface to
quench singlet oxidation.®' Silica gel
{Davisil 150 A pore size) was found to
reduce the lifetime of singlet molecu-
lar oxygen by ca. 50% compared to the
lifetime observed for singlet molecular
oxypen in cyclohexane (from 24 ps to
13.4 ps). The observed quenching ef-
fect was found to be directly related to
the number of isolated free silanol
groups on the silica surface. The iso-
lated free silanol groups acted as an-
tioxidants against photosensitized
oxidation by quenching singlet mo-
lecular oxygen.!

The effect of pore size on the
quenching of excited aromatic mol-
ecules adsorbed on silica has also been
investigated.® An increase in quench-
ing efficiency was observed as the aver-
age pore volume decreased and the
total surface area of the particle in-
creased. Smaller pores preferentially
adsorbed oxygen and excited organic
molecules. The increased quenching
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Oxidative Stability and Retention

adsorbed preferentially on the high sur-
face area narrower pores of the siliea

gel ®

It is apparent that the mechanism(s) A P
responsible for the stability of limonene B 1. STLaK 15 20%
are varied and complex. Continued re- #2 5TLOD 244 20%
search focusing on determining the ori- 5 3. STL0K 15 508
entation of limonene on the silica surface, M 4. EVLOD 344 30%
the solubility of molecular oxygen in each § ' 3. STLOK 13 887X
silica, and the singlet oxygen quenching 3 =
elfect for the three silicas evaluated in ol 0000 TNEERTTT TR —_—
this study may provide insight on the EJ'
mechanism(s) responsible for limonene -
stability. E

Flavor Retention—While platingisa 24 ——a3
very simple and cost effective means of
producing dry free flowing fMlavors, the
process has some inherent weaknesses,
One such weakness is the lack of protec-
tion against oxidative changes and a sec- . f ; ' }
ond is evaporative losses A * n o = = ! » =

i I J . STORAGE TIME (DAYS AT 35 C)

Significant flavor loss oceurs during

the blending process which is used to

B . Rete n athyl pyrazi rbed in 15 and Syloid
distribute the Mlavor on the carrer and is ;EI“!TII:ERH zgflgﬂ, ﬁ%m[m“ mw Sys18 Sy
I‘GH[HI}' apparent b:.' the strong adorof the

flavor in the manufacturing area. If the
plut-;:d Navor is then tupi{:&.l]}r u[}pliml toa
food (such as a snack food), the Davor will
evaporate into the [mcicag-:: |1euda]1me.
Dﬂ[:l:m]iug on the pat:]caging material,
the Mavor may be adsorbed into the pack-
age itsell or diffuse t||mug|1 it.3

In either case the Navor is lost from the
food. Ifthe packaging material contains the
Naver, the Navor aceonmulates in the lmr.:k-
aging ]1eadapw:-e and is released into the
room when the consumer opens the pﬂc]:-
age ]r.-:av:iug little flaver on the food. The
magnitur.'ltr of Mlavor loss from pl:m:d flavors
is evaluated in this H‘tu-:iy. The percent com-
bined flavor losses of the 12 mm|xn|1|ds
added to the limonene base at selected
storage Himes are presuulﬂt] in Table V.

Non-Silica Carriers: A 46-63% com-
bined Navor loss resulted du ring the plat- 0
ing process alome for all carrders (NaCl,
Cantab, dextrose, fructose, lactose, su-
crose, M100 and Micropor Buds 10154) Figure 10. Limonene loss from Micropor Buds 10154, M100 and Syloid
plated with 3% flavor loads (Table V). 244 loaded with 20% model flavor
Within 6-8 days of storage, 90% of the
flavor had evaporated and by 12 days less

LIMONENE 20X WODEL FLAVOR

150+

g

D SYLOID 44

mghg PLATED FLAVOR

: L) = T . ‘l-
Q 5 10 15 20 5 a0 a5 40
STORAGE TIME (DAYS AT 35 C)

than 1% of the flavor remained. The total flavor lost during depend on the baoiling point of a compound and the ability
the plating of M100 and Micropor Buds 10154 loaded with of the carrier to interact with the flavor molecules. No
10 and 20% model flavor was 22-51%. Additional losses of apparent interaction of flavor and carrier was observed for
57-72% oceurred after 4 days and 80-90% of the flavor was salt, sugar or carbohydrate carriers. The magnitude of flavor
lost by 20 days. loss from these carriers was dependent only on the boiling

The rate at which a flavor is lost from a carrvier would point of the individual flavor compounds (Table 111). As a
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result, complete loss of acetaldehyde, ethyl acetate, thio-
phene and ethyl propionate occurred in two days and com-
pounds with higher boiling points, such as cinnamicaldehyde
were retained longer. An example of typical flavor losses
represented by M100 is presented in Figure 4.

Silica Carriers: The silica products (at 20% flavor
loads) demonstrated the ability to retain the model flavor
longer compared to M100 and Micropor Buds 10154
(Figure 5). After 38 days of storage, only ca. 55% of the
total flavor was lost from the Syloid 74 and 244 silicas,
while greater losses oceurred on the Sylox 15 (68%).

The increased flavor retention demonstrated by the
silicas at 20% flavor loads is due to interactions between
the silica surface and the model flavor. On a hydroxylated
silica surface, the free silanol groups are primarily where
molecular interactions eceur.™ In this study the potential
for interactions between an adsorbed compound and the
silica surface is optimum at 20% flavor loads (Table VI).

Flavor compounds can interact with the silica surface

16Parlumeor & Flanrorist

differently depending on the chemical properties of the
flavor molecule. Hydrogen bond formation between electro-
negative atoms of the adsorbed molecule and the hydrogen
atoms of the silica silanol group is primarily responsible for
the adsorption of erganic molecules.” Compounds which
contain oxygen electron donors, such as ethers, alcohols and
ketones, can hydrogen bond with surface hydroxyl groups.
The fully hydroxylated surface of the silica gel can maore
effectively (compared to a partially or fully dehydroxylated
silica surface) retain molecules that have multipolar sites that
can hydrogen bond to the silica silanol groups. 12133435 [gpjc
bonds can also form with the silica surface. The nitrogen of
amines and amides and metal salts form strong ionic bonds
with the silica gel surface. Hydrophobic interactions can also
exist between the aliphatic portion of a flavor molecule and
the siloxane surface of the silica. 133435

Adsorbed water will affect volatile retention. Water mol-
ecules will compete with other polar molecules for the SiOH
sites on the silica surface." Flavor retention may be improved
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by pre-drying the silica before applying the flavor; however,
the influence of moisture content on the retention of volatiles
was not investigated in this study.

The efficiency of the silica to retain the model flavor
decreased with higher flavor loads (Figures 6 and 7). At 50-
66.7% Mavor loads, the bulk of the Aavor does not contact
the silica surface (Table VI). Loss of compounds unable to
associate with the silica surface is controlled by the pore
size. The rate of lavor loss is less with the smaller diameter
pore silicas (Syloid 74 and 244) because diffusion out of the
silica pore is more restrieted.

In general, for the three silicas evaluated in this study,
the low molecular weight lavor eompounds were lost first
from the silica surface, Acetaldehyde and thiophene were
not detected after two days. For the homologous series of
esters in the model favor, (ethyl acetate, ethyl propionate
and ethyl butyrate), flavor loss decreased as the molecular
weight increased (Figure 8). Similar results were abserved
for 2-hexanone and 2-octanone,

The inerease in Havor retention for a homologous series
of flavor compounds can be explained by the increase in
size, boiling point and (at lower flavor loads) the proportion
of the molecule interacting with the silica surface.

Differences in the degree at which flavor compounds are
lost are not urplained by boiling point alone (Figure 9). The
amount of favor maintained on the silica surface is also
dependent on the polarity of the molecule. The unpaired
electronsin 2-methyl pyrazine (BP 135°C), interact strongly
with the silica surface. This is demonstrated by complete
retention (at 20% flavor loads for all three silicas) of this
molecule during storage.

As the flavor load increased, the retention of 2-methyl
pyrazine decreased (Figure 9). At 50% flavor loads, 12-13%

tof the 2-methyl pyrazine was lost during plating, An addi-

tional 20% loss resulted after 38 days for the Syloid 74 and
244 silicas compared to a 58.6% loss on the Sylox 15 silica.
The Sylox 15 silica plated at 66.7% flavor load lost 95.3% of
the adsorbed pyrazine after 38 days.

The better retention of 2-octanone over benzaldehyde
and heptaldehyde can be explained both by differences in
polarity and volatility (Figures 6 and 7). Being more polar,
2-octanone out competes less polar compounds (benzalde-
hyde and heptaldehyde) for the available binding sites and
is retained more effectively. Heptaldehyde is most readily
lost since it is both less polar (than benzaldehyde and 2-
octanone) and more volatile.

In contrast, limonene was not retained well on any of the
silicas (Figure 10). The rate at which limonene was lost from
the silicas (209% Davor)was comparable to M 100 and Micropor
Buds 1015A indicating minimal bond interaction between
limonene and the silica surface.

Greater flavor retention on Syloid T4 and 244 silica
verses Sylox 15 may also be attributed to higher chemical
purity. The presence of small amounts of impurities are
known to modify the surface of the silica.'® Hydrated
sodium ions located on the surface of the silica prevent
hydrogen bonding. The concentration by weight of sodium
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Oxidative Stability and Retention

(analyzed as sodium oxide) in Sylox 15 (6860 ppm) is
approximately 10 times greater than that foundin the Syloid
74 (640 ppm) or 244 (530 ppm) silicas (Table 1). The higher
level of sodium in the Sylox 15 may be another reason why
less flavor is retained on this silica.

Headspace Aﬂalysis:—'l‘he amount of a flavor com-
pound present in the headspace of a sample at equilibrium
would be dependent on the vapor pressure of the com-
pound at the specified equilibrium conditions. An interae-
tion between a flavor compound and a carrier would be
reflected by a reduction in the vapor pressure of a flavor
compound and a corresponding decrease in the headspace
concentration,

No differences in the headspace concentrations were
observed between the salt, sugars and carbohydrate carriers
and equivalent amounts of model flavor (i.e. no carrier).
However, flavor-carrier interactions were evident from the
headspace analyses performed on the plated silica samples.
An 80% reduction in equilibrium headspace concentration
(at 35°C) was observed for the 20% Syloid 244 sample (with
reference to M100 plated at a 20% flavor load, Figure 11).
A lesser reduction (55%) in the headspace concentration
was observed for the Sylox 15 silica loaded with 20% flavor
(Figure 11). No differences in headspace concentration
were observed between samples of the Syloid 74 and 244.

At higher flavor loads the magnitude of flavor-carrier
interaction decreased as one might expect from the results
of flavor retention study. For the Syloid 244 and 74 and
Sylox 15 silicas loaded with 50% flavor loads the equilibrium
headspace concentrations were reduced 60, 53 and 48%,
respectively. The headspace concentration of the Sylox 15
sample loaded at 66.7% flavor was only 36.7% less than the
equilibrium headspace concentration of an equal amount of
model flavor.

These results demonstrate that headspace analysis of a
plated silica sample can be used to evaluate a silica with
respect to flavor-carrier interactions, A greater reduction in
equilibrium concentration would predict better flavor re-
tention-capabilities.

Conclusions

The results of this study demonstrate that amorphous
silicas evaluated in this study are more effective flavor
carriers in the plating process compared to the traditional
Mavor carriers. While salt, sugar and carlmhy:h‘ate carriers
can carry from 3-20% flavor, the silicas evaluated in this
study can carry from 1 to 2 times their weight in flavor and
remain dry and free flowing.

The mechanism of flavor loss from salt, sugar and carbo-
hydrate carriers oceurred by simple evaporation, whereas
the adsorption and retention of lavor compounds in amor-
phous silica was found to be more complex.

Some generalizations can be made for the three silicas
evaluated in this study, Lower molecular weight flavor com-
pounds are lost to a greater extent than higher molecular
weight flavor compounds. Polar flavor compounds or com-
pounds with unpaired electrons will strongly interact with the
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silica surface and will be retained longer than nonpolar flavor
compounds. Flavor retention in the silicas was dependent on
flavor load. This suggests that a silica will have an optimum
loading capacity with respect to flavor retention,

Oxidation of limonene occurred rapidly (4-10 days) on all
of the salt, sugar and carbohydrate carriers. However,
limonene had an extended shelf-life (24 to greater than 38
days) when adsorbed in the silica carriers. The ability of the
silica to inhibit limonene oxidation was dependent on the
type of silica. This implies that differences in physical and
chemical properties of the silicas play an important role in
the mechanism(s) responsible for protecting limonene against
oxidation.

With respeet to both flavor retention and oxidative sta-
bility of adsorbed flavor compounds, there is evidenee that
high chemical purity, small pore volume, small pore diam-
eter and a large hydroxylated surface area are all desirable
properties to consider when selecting amorphous silica asa
flavor carrier.

Although amorphous silica has been used as a flavor carrier
for over 20 years, very few studies have been published on the
behavior of flavors plated on this type of carrier.

It is recognized that the scope of this study is limited to
a select group of silicas and perhaps more optimum silicas
are commercially available for application as flavor carriers.
Mare studies are in progress to better predict the type and
degree of flavor interactions with silicas of different particle
sizes and surface chemistries.

The use of amorphous silica as a flavor carrier should be
considered over the traditional flavor carriers in appropri-
ate food-Navor applications.

ﬁcknnwleﬂgmenti: Prllished as paper No, 19,652 Ofn‘h(! contri-
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