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Estimation of Desorption Behavior of Sorbed Flavor Compounds
from Packaging Films Based on Compatibility Concept.
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To estimate the desorption behavior of the sorbed flavors from packaging [ilms in a mixing
solvent such as an ethanol solution, the following thermodynamic desorption equation was prop-
osed : De = Dey expl- V. {(8sm— 8,02 — 6,5 /RT). where the value of (8, — 6,)%. as an initial
approach, represents the driving potential of flavors towards solvent. That is the difference in
solubility parameters between flavor (§,) and mixing solvent (8, which is calculated on SP
values of water and ethanol, and molar fraction of ethanol. For LDPE, EVOH and PET films, the
plots of experimental In De against the exponential term of the equation turned out to be zero in
the region of £—23, =—8 and = — 15, respectively, indicating that the desorption of sorbed fla-
vors from films would vary with the difference in the magnitude of affinity of flavor with film or
solvent. The further approach was performed to determine the compatibility of a flavor in a sol-
vent : as the value of (G;n— 8,)% exp, based on the "H-NMR measurement, is substituting in the
equation, no difference among the films were obsered.
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Table 1. Compatibility of flavors with cthanol solutions.

HEEEFEREE Vol.9 No.4 (2000)

(dsm — &v)2 (MPa)

Ethanol concentration [% (v/v)] (&sm", MPal2)

0 5 10 20 40 60 80 100
Compound (47.90) (47.55) (47.18) (46.32) (44.16) (40.96) (35.79) (26.00)
Ethy esters (&, MPal?2)
cthyl hexanoate (18.39)  870.8 850.3 8289 780.1 664.1 509.4 3028 5791
ethyl octanoate (18.25)  879.1 858.5 8369 7879 6713 515.7 3077  60.06
Aldehydes
n-octanal (19.12) 8283 808.3 787.4 739.8 6270 4770 2119 4733
n-decanal (18.85) 8439 823.7 802.6 7546 6406 4889 2870 5112
Alcohols
n-octanol (21.03) 722.0 703.3 683.8 639.6 5350 3972 2179 2470
n-decanol (2047 7524 7333 713.4 6682 5612 4198 2347 30.58
Terpenes
d-lomonene  (16.88)  962.2 940.6 918.1 866.7 744.2 579.8 3516  83.17
B-pinene (17.81) 9054 884.5 862.6 8128 6943 5359 3233 6708
citronelial (18.86) 8433 823.1 8020 754.1 640.1 488.4 2866 5098
citral (19.13) 8272 807.7 7868 7393 6265 4765 27716  47.20
linalool (2044) 7541 735.0 7150 669.8 5626  421.1 2356 3091

1) &m; SP value of mixing solvent
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Figure 1. Application of the theoretical desorption equation

for LDPE ( 0), EVOH (o) and PET ( A) films.

Volatile compounds; esters(8,10 carbon atoms), aldehydes(8,10),
alcohols(8,10), B-pinene, linaloo, citronellal,
neral, geranial

Ethanol concentration; 0, 10, 20, 40, 60, 80, 100% (v/v)

Desorption condition; 20 °C, 2 days
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Figure 2. 'H-NMR spectrum of ethyl hexanoate in D20.

y =-1891.2 + 1.1586x, r = 0.996

0 . L e s
1635 1640 1645 1650 1655 1660
v (Hz)

Figure 3. Calibration curve for H-1' proton of cthyl hexanoate

in deuterium solvents.
*solubility parameters of ethanol, methanol and water.
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Figure 4. Determination of the values of (&m—&)i,,,, based on
the 1H-NMR measurement for ethy! hexanoate.

Table 2. The values of (fm—0&)2,yy based on the |H-NMR
measurenent.

(&m — 6v)2 (MPa)
Ethanol concentration [% (v/v)]

Compound 10 20 40 60 80
Ethyl esters

ethyl hexanoate  701.2 586.6 399.2 303.8 197.4
ethyl octanoate  443.1 3996 3889 3094 176.9
Aldehydes

n-octanal 828.3 790.2 2839 99.20  55.65
a-decanal 685.4 442.3 88.36 51.12 51.12
Alcohols

n-octanol 7220 452.0 3119 155.0 101.2
a-decano} 7524 2045 158.0 102.0 65.93
Terpenes

d-lomonene N.D.* 780.1 455.4 162.3 90.06
B-pinene 3775 3415 252.5 2042 150.3
citronellal 5013 4554 369.8 2111 196.3
linalool 7184 5424 3787 260.5 158.0

* N.D.: not determined

0.0 RDag
| §AA 0a
°, °%

0.5} a

———

|.LDPE

ET
EVOI'J
o

In De |In (pg - cm-3/ppm)]
Q
a
=]
[
> b
[y

2% 40 30 20 10 0 10 20
-Vv[(asm—&')zexp ~&2)/RT

Figure 5. Application of transfer energy estimated by 'H-NMR
method for the evaluation of desorption behavior.
All symbols are the same as in Figure 1.
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