
Journal of Chromatography A, 996 (2003) 189–194
www.elsevier.com/ locate/chroma

T hermodynamic study of two different chewing-gum bases by
inverse gas chromatography

a b b ,*Brigitte Niederer , Anh Le , Ennio Cantergiani
aETHZ Zentrum, Institute of Food Science and Nutrition, 8092 Zurich, Switzerland
b `Firmenich SA, R& D Division, 7 Rue de la Bergere, 1217 Meyrin 2, Switzerland

Received 15 November 2002; received in revised form 31 March 2003; accepted 3 April 2003

Abstract

This work describes the physico-chemical characterisation of two different chewing gum bases and the interactions with
the incorporated flavour molecules using inverse gas chromatography as a specific technique. Ethyl butyrate, limonene,
1-octanol andcis-2-hexenal were injected to calculate the partition coefficients, the activity coefficients and the Henry’s
constants at infinite dilution and 298 K. The partition coefficients, activity coefficients and Henry’s constants showed a
difference between the two gum bases, but the excess molar heat of mixing (DH ) showed an incompatibility for the flavourm

compounds in both gum bases. Finally, the determination of the solubility parameter of the gum bases by two methods
showed that the two gum bases have similar solubility parameters at 298 K.
   2003 Elsevier Science B.V. All rights reserved.
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few scientific papers have been published in this1 . Introduction
specific field. Inverse gas chromatography (IGC) is a
technique widely used in polymer science to char-Chewing gum manufacturers are intensively work-
acterise from a physico-chemical point of view pureing on the ingredient composition (formulation) of
polymers and polymer blends[1–3]. As chewinggum bases to achieve specific texture properties and
gum bases can be considered as polymer blends, IGCbetter flavour impact and lastingness. An increasing
could be used to characterise chewing gum bases andnumber of patents were submitted about these topics
their interactions with flavour molecules. Thermo-and efforts are continuously underway to improve
dynamic parameters such as partition coefficients,them. The characterisation of flavour gum base
activity coefficients, Henry’s constants, excess molarinteractions is still under investigation and only a
heat of mixing and solubility parameters were de-
termined using volatile compounds with well-known
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2 . Preparation and composition of chewing 3 . Inverse gas chromatography and food science
gums

IGC is an analytical technique widely used to
study surface properties of adsorbents, cellulose,The process of producing chewing gum is basical-
starches or other polymers. The interest for IGC inly a blending operation that uses a horizontal sigma
food science is increasing in particular when ablade mixer. The mixer is equipped with a circulat-
humidity control is available. The chewing guming water-heated jacket (50–608C). Sweeteners are
polymers give the opportunity to transfer IGC meth-mixed with the pre-heated chewing gum base (the
odology into food science. Gas–liquid chromatog-temperature of the gum base is between 50 and
raphy (GLC) was used for the determination of55 8C). The mixing time is typically about 12–15
solubility parameters of synthetic polymers such asmin for a 1-kg laboratory batch. Flavours are in-
poly(dimethylsiloxane) and poly(methylmethacrylate)corporated in a range from 0.5 to 2.0% at the last
[3,8]. Price and Guillet and co-workers[3,9–13]3–5 min of the process. A non-exhaustive list of
were the pioneers in the physico-chemical interpreta-ingredients used for chewing gum bases is given in
tion of GLC data from polymers. Pawlisch[14],Table 1.
Macris [15] and Danner and co-workers[16,17] usedTo better understand the interactions, De Roos[4]
GLC for purposes going from thermodynamic pa-listed physico-chemical parameters such as partition
rameters to diffusion coefficient by capillary IGC. Incoefficients adding kinetic parameters to improve the
food science, King and List[18] used GLC to studymodel. Lee[5] gave a list of equations from which
the interactions of several volatile compounds inthe partition coefficients and diffusion coefficients
soybean oil. Boutboul[19], Delarue and Giampaolicould be calculated without any experimental data.
[20], and Boutboul et al.[21] were able to character-These parameters were then used to predict drug
ise the type of interactions (London, Van der Waal’s,delivery in chewing gums. A list of patents showed
dipole–dipole or H-bonding) between starch andhow to select the chewing gum ingredients as a
several flavour molecules. Gauthier et al.[22]function of their solubility parameter to obtain the
showed that attractive or repulsive forces could bedesired properties[6,7]. The use of inverse gas

´calculated from IGC data. Benczedi and Tomka[23–chromatography to determine thermodynamic param-
25] calculated thermodynamic parameters charac-eters characterising gum bases and their interactions
terising water–starch interactions by IGC and de-with flavour molecules can be considered as an
veloped an equation calculating the solubility param-interesting analytical technique in food science,
eter of starch using only water as solvent. Startingespecially for chewing gum. It could help to better
from the actual GLC knowledge in food science, thisunderstand the flavour release phenomena from
present work focused in the study of two differentchewing gums.
chewing-gum bases and their interactions with
flavour molecules by the determination of thermo-
dynamic parameters.

T able 1
Ingredients composition of a chewing-gum in %

4 . Material and methodsIngredient Sugar gum (%) Sugarless gum (%)

Chewing Bubble Chewing Bubble Inverse gas chromatograph was a model 6890
Gum base 19.4 16.8 25.0 26.0 instrument from Agilent (Palo Alto, CA, USA),
Corn syrup 19.8 22.4 – – modified by Surface Measurement System (London,
70% Sorbitol – – 15.0 17.0 UK). Flame ionisation detection (FID) and ther-
Sugar 59.7 59.7 – –

moconductivity detection were installed in seriesGlycerol 0.5 0.3 6.5 6.5
allowing organic compounds and water to be de-Water – 0.3 – –

Sorbitol – – 52.3 49.3 tected. Helium was used as a carrier gas at flow-rates
Flavour 0.6 0.5 1.2 1.2 varying from 5 to 25 ml /min. The relative humidity
Total 100.0 100.0 100.0 100.0 (RH) was set to 0%. The glass columns were 20, 55
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and 210 cm long with 3 mm I.D. All injections were The specific retention volumes were determined at
operformed manually at infinite dilution (constant 333, 343, 353, 363, 373 and 383 K and the ln(V )5g

retention times at low sample amount). Methane or f(1 /T ) linear regression was used to extrapolate the
air can be used as a non-retained compound. To set specific retention volume at 298 K. The partition
the right experimental temperature range, a thermal coefficients were then calculated at 298 K using Eq.
analysis with a differential scanning calorimeter (3)[26].
(DSC7 from Perkin-Elmer, Shelton, CT, USA) was
used to determine the melting point (mp) or glass 4 .3. Activity coefficient and Henry’ s constant at
transition temperature (T ) of the gum bases. A infinite dilutiong

thermogravimetric analyser (TGA7 from Perkin-
Elmer) was also used to determine the gum load in At infinite dilution, the following equation can be
the packed column. A Nova1000 instrument (Quan- considered (Eq. (4)):
tachrome, Germany) was used to determine the ` 0p 5V P (T ) x (4)i i i idensity of the gum bases. The alkanes C to C ,5 12

toluene, ethyl acetate, acetone and Chromosorb G ` 0He 5V P (T ) (5)i iAW/DMCS 60–80 mesh were at min. 99% purity
from Sigma–Aldrich and the four flavour molecules Price [3,9], Guillet [13], DiPaola-Baranyi [10,27]
from a tutti-frutti aroma (ethyl butyrate, limonene, and Patterson[28] defined the activity coefficient by
1-octanol andcis-2-hexenal) were sourced within mass fraction (V ) (Eq. (6)), volume fraction (g )i i
Firmenich. Finally, the two unflavoured and un- (Eq. (7)) and the Flory–Huggins interaction parame-
sweetened gum bases containing 25% poly(vinyl ter (X ) (Eq. (8)) for a polymer with infinite1,2
acetate) (gum A) and 25% poly(isobutylene) (gum molecular mass as followed:
B) were supplied by Cafosa (Barcelona, Spain).

0P273.15R 1` 0]]] ]ln V 5 ln 2 B 2V (6)s ds d1 0 0 11 1S D RTV P M4 .1. Preparation of the packed column: g 1 1

r 273.15R2`The standard method used to coat polymers on ] ]]]ln g 5 ln 1 lns d S D1 0 0S Dr V P M1DMCS treated inert supports is well described by g 1 1

0many authors[2,10]. Toluene at 708C was found to P1 0 `be a good solvent for chewing gum base and ]2 B 2V 5X 11 (7)s d11 1 1,2RT
columns with 10% (w/w) and 20% (w/w) chewing-

` `gum bases were prepared. X 5 ln g 21 (8)s d1,2 1

4 .2. Retention volumes 4 .4. Excess molar heat of mixing

Eqs. (1) and (2) give the definition of the two To complete the calculation of thermodynamic
fundamental retention volumes: parameters for flavour gum base interactions, the

molar heat of solution can be calculated using Eq.V 5 jF t 2 t Net retention volume (ml) (1)s dn r m (9) and the excess molar heat of mixing using Eq.
jF t 2 t 273.15s d (10):r mo ]]] ]]V 5 ?g w T 0c R≠ ln Vs s ddg

]]]DH 5 2 (9)Specific retention volume (ml /g) (2) s ≠(1 /T )
0V r T DH 5DH 1DH (10)g cg m v s
]]]K 5p 273 whereDH 5excess molar heat of mixing (J /mol),m

Partition coefficient between gum and carrier gas DH 5molar heat of vaporisation (J /mol), andDH 5v s

molar heat of solution (J /mol).by mass fraction (2) (3)
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A DH ,0 indicates a compatibility or presence of significant density difference exists between the twom

attractive forces (interactions) between the solute and gum bases (1.216 g/ml for gum base A and 1.043
the polymer (solubilisation or plastification). A g/ml for gum base B) due to the different gum base
DH .0 suggests an incompatibility or presence of formulations. The calculation of the specific reten-m

orepulsive forces between the solute and the polymer tion volume (V ) needs the exact weight of gum baseg

(phase separation). ADH 50 suggests an athermal in the column. The calcination method by thermo-m

process where the driving force of the solute–poly- gravimetric analysis (TGA) was used in this work
mer mixing is entropy. and the results are summarised in theTable 2.

The calcination shows that the gum base is well
coated on the inert support and not demixed during4 .5. Solubility parameter
the solvent evaporation or the drying step. After
packing different columns (20, 55 and 210 cm long)Polymers can be characterised by a thermody-
and injecting volatile compounds, the optimal con-namic parameter defined as followed (Eq. (11)):
dition can be set as followed:

v v1 / 2 1 / 2E DH 2RT (1) Relative humidity of the system50%i i 1 / 2] ]]]d 5 5 5 (c.e.d.) (11)S D S Di V V (2) Temperature range5from 333 to 383 K (GLCi i

conditions)
where d 5solubility parameter (i51 solute, i52i (3) Flow rate5from 5 to 25 ml /min.1 / 2 vpolymer) (MPa ),E 5energy of evaporation (kJ/ (4) Gum base loading520%vmol), H 5enthalpy of evaporation (kJ/mol), and (5) Column length555 cm
c.e.d5cohesive energy density. The experiments were divided in two parts: a first

This parameter can be easily determined ex- part concerning the determination of the thermo-
perimentally for molecules with well-defined en- dynamic parameters characterising the flavour–gum
thalpies of evaporation, which is not the case for interactions and a second part characterising the gum
most polymers. DiPaola-Baranyi et al.[27] de- base by the determination of the solubility parameter.
veloped Eq. (11) and was able to determine by linear
regression the solubility parameter of a polymer by 5 .1. Flavour–gum base interactions

´IGC (Eq. (12)) at a defined temperature. Benczedi et
al. [23,24] found a method to determine solubility Using the optimised experimental conditions, the
parameters using only one solute at different tem- partition coefficients, activity coefficients and
peratures (Eq. (13)). The limitation of Eq. (13) is the Henry’s constant by mass fraction were calculated at
necessity to know all the constants at the experimen- infinite dilution and at 298 K. The results are
tal conditions (temperature and pressure) limiting the summarised inTable 3.
number of solvent molecules: The results show significant differences for the

`2 2 ` four flavour molecules in the two gum bases. TheXd 2d d X1,21 2 2 s
] ]] S]D ] ]2 5 d 2 2 (12)S D S D0 1 0 partition coefficients, activity coefficients andRT RT RTV V1 1 Henry’s constants are higher for the four molecules

`
≠ X /Vs d1,2 1
]]]d (T )5d (T )2 (13)F G2 1 T able 2≠(1 /T )

Determination of the exact gum base loading in the packed
columns

5 . Results and discussion Stationary phase Mass loss Exact loading
(%) (%)

The differential scanning calorimetry (DSC) mea- Chromosorb G, 60–80 mesh 1.9 0
surements showed that the two gum bases are in theGum base A, 10% 9.9 8.0

Gum base A, 20% 17.7 15.8rubbery state at ambient temperature (T gum A5g
Gum base B, 10% 10.4 8.5283.9 K and T gum B5291.1 K). The lowestg Gum base B, 20% 17.0 15.1experimental temperature was set to 333 K. A
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T able 3
Partition coefficients, activity coefficients and Henry’s constant by mass fractions at 298 K

flavour Partition coefficient (2) Activity coefficient (2) Henry’s constant (kPa)

Gum base A Gum base B Gum base A Gum base B Gum base A Gum base B

Ethyl butyrate 747.2 1119 45.8 26.9 40.1 23.6
cis-2-Hexenal 2197 2962 38.3 20.9 6.47 3.53
1-Octanol 6851 13 390 37.4 14.3 4.61 1.76
Limonene 4273 13 680 42.4 9.74 21.4 4.92

in the gum base A meaning a higher tendency to with the positive excess enthalpies of mixing. Look-
leave the gum base, i.e. a lower compatibility with ing at the composition of the two gum bases, the
the gum base A. For limonene, the activity coeffi- gum base containing 25% of poly(isobutylene) seems
cient in the gum base A is four times higher to have more affinity for the four flavour compounds
compared with the gum base B. The calculation of than the gum base B containing 25% of poly(vinyl
the molar heats of solution and the excess molar acetate). From these thermodynamic results, predic-
heats of mixing will complete the thermodynamics of tions of the flavour release from chewing gum bases
flavour–gum base interactions.Table 4summarised could be done, but it was not the main topic of this
these results. paper.

The addition of the molar heat of vaporisation and
the molar heat of solution gives the excess molar 5 .2. Solubility parameter of the two gum bases
heat of mixing. Positive values suggest an incom-
patibility or presence of repulsive forces between the The solubility parameter allows a characterisation
flavour molecules and the gum bases. The gum base of the gum base from a thermodynamic point of
B showed a less incompatibility than the gum base view. For polymers having no defined molar heats of
A, but it can be assumed that the flavour molecules vaporisation, indirect ways have to be considered.
are mainly incorporated as droplets in the two gum One of the most common ways to determine the
bases. Neither solubilisation nor plastification of the solubility parameter is the group contribution meth-
gum bases occurred with the investigated flavour od, but it has some important limitations such as the
compounds. The high values obtained for the activity reduction of the polymer to a single molecular
coefficients and Henry’s constants can be correlated species. IGC is an alternative method taking into

T able 4
Molar heat of solution and excess molar heat of mixing of the flavour molecules in the gum bases A and B at 298 K

Molar heat of Molar heat of solution Excess molar heat
vaporization (kJ/mol) (kJ/mol) of mixing (kJ/mol)
exp. temp.: 343 K

Gum base A Gum base B Gum base A Gum base B

Ethyl butyrate 140.0 231.0 234.8 19.0 15.2
cis-2-Hexenal 146.5 233.6 236.7 112.9 19.8

1-Octanol 164.2 232.3 240.5 131.9 123.7
Limonene 155.0 228.8 241.0 126.2 114.0
Pentane 123.5 – 227.4 – 23.9
Hexane 128.7 220.0 230.6 18.7 21.9
Heptane 133.9 224.6 234.6 19.3 20.7
Octane 138.2 230.0 – 18.2 –
Nonane 143.2 234.6 – 18.6 –
Acetone 128.1 214.3 229.7 113.8 21.6
Ethyl acetate 132.4 219.7 232.8 112.7 20.4
Toluene 135.5 227.3 236.4 18.2 20.9
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