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Effects of Cold Storage on Essential Oils of Peel of Thompson Navel

Oranges

Marianna Usai,”* Giovanni Arras, and Franco Fronteddu

CNR Istituto per lo Studio dei Problemi Bioagronomici delle Colture Arboree Mediterranee, Via De Nicola 1,
07100 Sassari, Italy

Thirty-three constituents accounting for 96.64 % of total volatiles of Thompson navel orange peel oils
have been identified and quantified in a single GC capillary run. The quantitation was performed using
appropriate response factors and identification using pure samples and GC-mass spectrometry. After
identification, experiments were carried out to test qualitative and quantitative differences on essential
oils of peel of Thompson navel oranges stored under different cold-storage conditions. During storage
at a constant temperature of 6 °C and at a cyclic temperature of 6 days at 2 °C plus 1 day at 14 °C,
an increase of volatile compounds (acetaldehyde, formic acid, formaldehyde, and acetic acid) and a
decrease of limonene content were observed. The cold-storage trials with Thompson navel oranges
showed that the minor variations in the content of essential oils were obtained using cyclic temperature
storage with short cycles: 6 days at 6 °C plus 1 day at 14 °C and 18 days at 6 °C plus 7 days at 14 °C,

INTRODUCTION

Citrus oils of very complex composition are contained
in oval, balloon-shaped oil sacs or vesicles located in the
outer rind or flavedo of the fruit. Winton and Winton
(1935) described the exact location of these oil sacs in
their discussion on the microscopic structure of the fla-
vedo of oranges. All essential oils, in particular those of
citrus fruits, have been studied either for their economical
importance or for scientific purposes. Many investigators
have shown that the quality of citrus oils is dependent on
several factors, such as soil, climate, method of extraction
of the oil, weather, and maturity and variety of the fruit
(Wolford et al., 1971). Hood (1916) stated that the oil
content did not reach its maximum until the oranges were
fully mature, but the quantities present before ripening
were feasible for extraction (By Scora et al., 1969).

The problems connected with the storage of essential
oils received major attention from producers and con-
sumers of oils for their economic and technologic effects.
Flavors of essential oil are lost during storage when its
typical organoleptic character evolves negatively and gives
undesirable odors and the loss of original freshness. These
modifications are not easily controlled, and sometimes it
is not possible to avoid the deterioration of the flavors.
This phenomenon is very evident in citrus oils because
the technology used influences the stability of the oils.

The reasons for essential oil chemical changes are
various, but one of the most important reactions involved
is certainly the oxidation reaction. It is known, for
example, that from limonene oxidation it is possible to
obtain ca. 17 compounds and that p-cymene is the principal
oxidation product of y-terpinene and that its increase
indicates that the oil lost its freshness (Mazza, 1987).
Furthermore, the a- and 8-pinene concentrations decrease
constantly during the time giving myrtenol, myrtenal, and
trans-pinocarveol; it is also known that when oranges were
kept in cold storage for periods longer than 6 weeks prior
to extraction, an increase in specific gravity, optical
rotation, iodine number, and saponification value of the
oil was found, accompanied by a decrease in the aldehyde
content (Wolford et al., 1971).
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Commercial considerations often require fruit from plant
species of tropical and subtropical origins to be stored for
long periods at low temperature. Susceptibility to chilling
injury varies according to genetic and environmental
factors, which characterize each individual fruit while
growing on the tree; after harvesting, the process param-
eters adopted during storage acquire particular impor-
tance. As anexample, researchers working on the orange,
lemon, and grapefruit have shown that citrus fruits can
benefit considerably from the application of cyclic tem-
perature routines during cold storage (Chalutz et al., 1978;
Hatton and Cubbedge, 1982; Chohen et al., 1983). Fur-
thermore, researchers of our group (Poma Treccani et al.,
1988; Arras and Usai, 1991) observed that using short cycles
of temperatures gave good results in citrus storage.
Actually, in Italy, for citrus storage are used only constant
temperatures, but the results of various studies certainly
encourage the introduction of cyclic temperatures also in
commercial practices; at least it is observed that when
cyclic temperature cold storage is used, a savings of 8-
10% could be realized.

In this view we have investigated the composition of the
essential oils of Thompson navel oranges at harvest time
and during a cold storage of 12 weeks plus 2 weeks of shelf
life. We used only total oils to avoid changes due to the
use of silica gel; this possibility is confirmed also in the
literature (Chamblee et al., 1991).

EXPERIMENTAL PROCEDURES

Storage. The trials were carried out on fruits from Thompson
navel orange trees growing in Muravera (southeastern Sardinia).
Harvesting took place on March 14, 1989, when the fruits were
fully ripe (when the peel was fully colored and the TSS/acid ratio
had reached 10.9, the optimum for cultivar and zone).

The harvested oranges were divided into five lots (900 fruits/
lot, subdivided into three replications of 300), which were tested
according to the following trials: lot A was stored at a constant
temperature of 6 °C; lot B was stored at repeating cycles of 6 °C
for 18 days plus 14 °C for 7 days; lot C was stored at repeating
cycles of 6 °C for 6 days plus 14 °C for 1 day; lot D was stored
at repeating cycles of 2 °C for 18 days plus 14 °C for 7 days; lot
E was stored at repeating cycles of 2 °C for 6 days plus 14 °C for
1 day. After a storage of 12 weeks (RH = 90%), the lots were
transferred to shelf-life conditions (20 °C, RH = 70%) for 2 more
weeks.
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Figure 2. Variations of volatile aldehydes, d-limonene, and carbonylic and terpenoic compounds in essential oil of Thompson navel
orange.

Composition of essential oils was recorded at harvest time, at
4, 8, and 12 weeks of storage, and at the end of shelf life.

Extraction. For every control we prepared three samples of
100 g of flavedo of sound fruits; flavedo was homogenized for 15
min with petroleum ether (Germana et al., 1986), using low speed,
room temperature, and a 1:3 ratio; the crude extract was filtered
and the residual extracted again twice. Extracts were taken to
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dryness in a rotavapor using a water temperature of below 40 °C
and atmospheric pressure. For each sample we made four GC
injections.

To be sure that the extraction with petroleum ether did not
change the essential oil composition, we prepared one sample of
each control extracted by pressing the oil sacs. The GC analyses
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Figure 3. Variations of acids, alcohols, and esters in essential oil of Thompson navel orange.

showed that there were no appreciable changes between the two
extraction methods.

To identify hydrocarbons deriving from petroleum ether, we
evaporated 900 mL of solvent (using the same conditions) and
the residual taken with a small amount of pentane was injected
in the GC. The chromatogram showed three peaks: (a) Rt =
37.30, identified as C;5Hay; (b) Rt = 41.60, identified as C;gHy;
(c) Rt =46.50, identified as C2sHs, (chromatograms are available);
identification of peaks was performed via GC-MS.

Gas Chromatography. For separations and quantitations a
Varian 3300 gas chromatography was used; 0.2 uL. was injected
(split 1/50) into a fused-silica capillary column (length 50 m, i.d.
0.20 mm; bonded stationary phase NS-54, Supelco) and chro-
matographed under the following conditions: carrier gas, helium;
oven, 50 °C (8 min), increasing by 3 °C/min to 130 °C (1 min)
and by 5 °C/min to 205 °C (20 min), and then by 20 °C/min to
225 °C (5 min); detector and injector, 240 °C.

The oils were analyzed without dilution, and the data reported
in Table I are the average of four GC injections. Measurements
of peak areas were performed with an electronic integrator; quan-
titation of each compound was expressed as a percentage of total
peak area. Since it is known that oxygenated compounds have
a lower detectability by FID than hydrocarbons (Dugo et al.,
1983), we calculated response factors using a standard mixture
composed of a-pinene, a-terpineol, neral, geranial, geranyl acetate,
and caryophyllene, where terpene was 92%, aldehydes 5%, and
alcohol, ester, and sesquiterpene 1% each. We found that
hydrocarbons Ry is 1; aldehydes and ketones present in peel
essential oils of oranges have a R, = 0.80, alcohols .78, and esters
0.71. For this reason the experimental values were multiplied
for the following correction factors: hydrocarbons 1; aldehydes
and ketones 1.24; alcohols 1.28; and esters 1.408.

Reference Compounds. Allstandards for GC comparison of
Rt were from Fluka and were all injected in GC to control purity.

Gas Chromatography-Mass Spectrometry, The GC-MS
analyses were performed with a Perkin-Elmer ITD (ion trap

detector) coupled to a Perkin-Elmer Model 8321 gas chromato-
graph equipped with a Supelco NS-54 fused-silica capillary
column (length 50 m, i.d. 0.20 mm) connected to the ion source
of the mass spectrometer. The split/splitless injection port was
maintained at 240 °C, and the oven temperature was programmed
as follows: 50 °C (8 min), increasing by 3 °C/min to 130 °C (1
min) and by 5 °C/min to 205 °C (20 min) and then by 20 °C/min
to 225 °C (5 min).

RESULTS AND DISCUSSION

As shown in the gas chromatogram of the volatile
essential oils of Thompson navel oranges at harvest
conditions, reported in Figure 1, it was possible to identify
33 constituents by comparison of retention time to that
of an authentic sample confirmed by GC-MS; for p-men-
then-4(8)-en-9-ol, pulegone, and 3,7-dimethyl-2,6-octadien-
1-ol we have only the GC-MS identification. The iden-
tification GC-MS was based on the match of the most
abundant peaks of the mass spectrum with published data
(Eight Peak Index of Mass Spectra, 1974; Heller and
Milne, 1978). In Table I are reported the variations of
percentages of every component during cold storage and
shelf life; the compounds identified (at harvest conditions)
constitute 96.64% of the total.

The components of the essential oils were divided into
six groups: carbonylic compounds, volatile aldehydes,
acids, esters, and terpenoic compounds, and limonene.

As reported in Figures 2 and 3, all groups are sensitive
to cold-storage conditions since the first month of con-
servation. The increase of alcohols in lots C and E and
the corresponding decrease of terpenoic compounds are
noteworthy. This effect could be explained with formation
of a-terpineol by oxidation of terpenes. Inlots A, D, and
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Figure 4. Variations of citral in essential oil of Thompson navel
orange.

E a decrease of aldehydes (Wolford et al., 1971) and a
large increase of volatile aldehydes and acids are noticed.
In addition, noteworthy, are also the variations of limonene
content during cold storage. Infact, the Thompson navel
cultivar has 86.17% limonene at harvest time; this
percentage is reduced t065.6 % in trial A, t081.2% in trial
B, to 80.7% in trial C, to 72% in trial D, and t0 68.56% in
trial E. The complete trend is graphed in Figure 2.

Oxygenate compounds are such important contributors
to citrus flavor that one of the standards of identity for
various citrus peel oils used in flavoring citrus and other
products is the total aldehyde content. In citrus oils, the
primary flavoring components are the two isomeric mono-
terpene aldehydes, neral and geranial, together called ci-
tral. The stability of concentration of these two com-
poundsis therefore indicative that the storage used is useful
to preserve the composition of peel oils. In Figure 4 is
graphed the trend of citral during storage. The differences
between constant temperature and repeating cyclic tem-
peratures are evident; in fact, in the last case the content
of citral is always much more preserved.

CONCLUSIONS

Examination of the chemical composition of the essential
oils of peel derived from cold storage has revealed that the
least variations were obtained under cyclic temperature,
in particular when the temperature was never under 6 °C
(lots C and B). Under these conditions it is possible to
have little degradation of the essential oils until 3 months
from harvest. In particular, lot C gave the best results
also for citral content.

In the other three lots examined the essential oils of
stored oranges show significant variations in their com-
ponents. These dataare inaccordance with those reported
in a previous paper in which we discussed the variations
of juice metabolites and physiological and mycological
damages from cold storage (Arras and Usai, 1990).

The variation of content in volatile aldehydes and in
acids might be taken as a degradation parameter of
Thompson navel oranges, as well as the variation in the
content of limonene and in the content of citral.
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