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The existence of a glassy state in isolated tomato fruit
cuticles was investigated using differential scanning cal-
orimetry. Tomato fruit cuticular membranes showed a
glass transition temperature at —30 “C and an additional
second order transition temperature near 30°C.
Changes in these temperatures during fruit growth were
also studied.

Cuticles are thin extracellular layers that cover
the aerial parts of all higher plants in areas lacking
secondary growth. Their chemical and morpho-
logical roles as protective barriers between the
plant and its environment has been reported (Hol-
loway, 1982). Plant cuticles are heterogeneous in
nature. They consist of epi- and intracuticular wax
fractions and, mainly, cutin which is a highly
cross-linked polyester made of hydroxy fatty
acids. In animal skin, mechanical strength and
molecular barrier functions are distinct than in
plants and both of these properties are served by
proteins. As opposed to the animal barriers, our
knowledge of the molecular dynamic and thermal
properties of plant cuticles is very limited (Lend-
zian and Kerstiens, 1991).
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We are currently characterizing defined phase
transitions in isolated cuticular membranes. As
part of a comprehensive study of cuticle structure,
we have been studying glass transitions of isolated
tomato fruit cuticles over a wide range of tempera-
tures during plant growth using differential scan-
ning calorimetry (DSC).

Table I shows the weight per unit surface of area
for the three different cuticular components
(waxes, hydrolyzable components and cutin) dur-
ing tomato fruit development. Between the imma-
ture green to ripe stages, the cutin content of the
membrane increased to the extent that this poly-
meric matrix comprised over 70% of total weight.
Significant changes were also noted in the fraction
of hydrolyzable compounds (mainly phenolics and
polysaccharide material). During the same period
the proportion of this fraction decreased from
47% in small fruits to 28% in the ripe ones. On the
other hand, the wax proportion was always the
lower of the three cuticular components. It did not
change significantly during fruit growth.

Figure 1 shows the warming thermograms of
the five different isolated tomato fruit cuticles ob-
tained from the corresponding fruits harvested at
different development stages. All experiments were
performed in a differential scanning calorimeter
with computer-aided data analysis. The thermal
head was cooled with liquid nitrogen using a low
temperature cooling unit. All experiments fol-
lowed the same protocol. Sealed aluminum pans
containing between 7—10 mg per sample of each
isolated tomato fruit cuticle, were loaded into the

Table 1. Quantities of waxes, hydrolyzable components (HYD) and cutin (in pg em™2) iso-
lated from tomato fruit cuticles (Lycopersicon esculentum, Mill. cv. Caruso) at various stages
of maturity. Parenthesis indicate the standard deviations of three different determinations.

Fruit diameter [mm]

Constituent 41.7 59.6 66.5 82.2 80.2

Cuticle weight 407 (90) 940 (48) 1290 (99) 1516 (143) 1653 (38)
Waxes 19.7(0.2)  18.1(5.1) 46.0(2.5)  44.0(8.8) 61.6(1.7)
Cutin 196.3(5.7) 549.5(19.9)  810.3(8.5) 990.9(14.9) 1125.8(52.9)
HYD 191.0(5.7) 372.4(25.1) 434.5(9.5) 482.0(22.1)  466.0(51.2)
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Fig. 1. Warming thermograms of isolated tomato fruit
cuticles at different growth stages obtained using differ-
ential scanning calorimetry. The thermograms have been
normalized per weight unit of isolated cuticle. Cuticle
weight per area unit (ug cm™?) were: a: 407, b: 940,
c: 1291, d (mature green tomato): 1516 and e (ripe toma-
10):1653. T, and T,  indicate the onset of the glass transi-
tion and secondary transition temperatures, respectively.

calorimeter at room temperature. In a typical run,
the sample was cooled at 10 “C/min to —90 °C and
the thermograms were recorded during heating at
10 °C/min against an empty aluminum pan placed
in the reference vessel of the instrument. Second-
order glass transitions were detected by a shift in
power and they appear as step-like transitions
(Vertucci, 1990). To obtain the final thermogram
of the sample, the baseline was substracted from
the data obtained from each sample. The onset
temperature of the second-order phase transition
was determined as the point of intersection be-
tween the baseline with the tangent through the
point of inflection of the thermal event.

Thermal signatures observed in all thermograms
can be summarized as follows: a common second
order phase transition temperature at —30 “C was
assigned to the glass transition associated with
conformational changes of the molecule main
chain, i.e. the large methylene chains densely
packed. An additional endothermic between 30 “C
and 70 “C was also observed. It reflects the contri-
bution of a second order transition of the polymer
in addition to the influence that the waxes have on
the whole polymer. This secondary transition ap-
pears in all thermograms and it is characterized by
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an onsent temperature of 30 “C. This transition of
the biopolymer probably involves conformational
changes that do not require main chain movement.
Near 45 “C the cuticular waxes begin to melt and
the corresponding change in the heat flow gives the
energy of this physical event.

Many important conclusions can be elucidated
in spite of the similar shape of thermograms re-
corded for all different cuticles. First, the tempera-
ture range where the glass transition is extended
increases from 16 “C for isolated cuticles from
fruits of the first growth stage to 40 °C for isolated
cuticles from ripe fruits (Fig. 1). Second, the cor-
responding energies per cuticle weight for the
=30 "C and 30 "C polymer second order transi-
tions are notably higher for ripe tomato cuticles
compared to cuticles of other growth stages. These
data suggest a dynamic picture of the tomato fruit
cuticle during its development. At an early devel-
opmental stage, intracuticular waxes and pheno-
lics free or attached to the cutin are absent (Baker
et al., 1982). Thus, the segmental mobility of the
chains of the polyester, which begins just at the
glass transition temperature, is more cooperative
because the homogeneity of the polymer matrix
and, consequently, it is extended over a short tem-
perature range. During fruit growth, the cuticle in-
corporates intracuticular waxes which are partially
hindering the free motion of the cutin hydrocar-
bon chains. In addition, during ripening noticeable
amounts of flavonoids appear trapped to the cuti-
cular matrix. As a consequence of these molecular
changes, the transitions become less cooperative
and they require more energy to produce segmen-
tal mobility in the polymer matrix.

This is the first report that describes the exist-
ence of a glass transition temperature in isolated
cuticles. This temperature has been measured in
isolated cuticular membranes but this physical
property must be adscribed to the amorphous
cutin polymer that constitutes the framework of
the plant cuticle. The presence of hydrolyzable
compounds in the cutin could modify the value of
this temperature. Current research is under way in
order to determine the exact glass transition tem-
perature of the cutin of plant cuticles.
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(Project PB91-0768).



Notes

Baker E. A., Bukovac M. J. and Hunt G. M. (1982),
Composition of tomato fruit cuticle as related to fruit
growth and development. In: The Plant Cuticle (D. F.
Cutler, K. L. Alvin and C. E. Price, eds.), Academic
Press, New York, pp. 33—44.

Holloway P. J. (1982), Structure and histochemistry of
plant cuticular membrane: an overview. In: The Plant

275

Cuticle (D. F. Cutler, K. L. Alvin and C. E. Price,
eds.). Academic Press, New York, pp. 45—-85.
Lendzian K. J. and Kerstiens G. (1991), Sorption and
transport of gases and vapors in plant cuticles. Rev.
Environ. Contam. Toxicol. 121, 65—128.
Vertucci C. W. (1990), Calorimetric studies of the state
of water in seed tissues. Biophys. J. 58, 1463—1471.



