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Formation of volatiles in apricot (Prunus armeniaca
L.) fruit during post-harvest ripening
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A total of 75 volatile compounds are principally responsible for the aroma profiles of apricot fruit. SPME was used to
study these volatiles in an attempt to differentiate between fourteen cultivars of apricots (Prunus armeniaca L.) with
individual compounds being identified by GC-MS. The concentrations of aroma compounds were statistically ana-
lyzed using logistic regression analysis and PCA was successful in differentiating between four cultivars of apricots at
over-ripe stage of development. Although the numbers of volatile compounds in each sample were similar, the absolute
amounts of total volatiles and those of certain individual compounds did vary between the cultivars and also with the
stage of ripening. The main groups of volatile compounds identified were C6 alcohols and aldehydes. In particular, (E)-
2-hexenol, (E)-2-hexenal and hexenal together accounted for approximately 65 to 73 % of the total alcohols and alde-
hydes. The important volatiles for differentiating between ripening stages were benzylalcohol, (2)-3-hexenal and y-cap-
rolactone. The rate of softening during the post-harvest period gradually decreases. Furthermore, some of the cultivars
can be still in the climacteric phase of development with regard to CO, production, whereas other cultivars have already
moved on to the post-climacteric phase, characterized by a lower rate of respiration. Of the total of fourteen cultivars
studied, only four could be clearly distinguished by principal component analysis (PCA) at the over-ripe stage. Practi-
cal considerations such as optimal date of harvest should be based on the onset of the climacteric phase of CO, produc-
tion and not ethylene production, which at this time is broadly similar in all cultivars and only ranges from 0.4 to 1.5
pulkeg.lrl. When in the over-ripe phase, values for ethylene production range from 30.0 to 51.6 ul.kg'. b depending
on the cultivars.

Keywords: apricot, volatiles, ethylene production, respiration rate, headspace analysis, PCA

Bildung von fliichtigen Verbindungen in Marillen (Prunus armeniaca L.) wihrend der Reifung nach der
Ernte. Insgesamt 75 fliichtige Verbindungen sind hauptsichlich verantwortlich fiir die Aromaprofile von Marillen.
Mittels SPME wurden diese fliichtigen Verbindungen untersucht, um vierzehn Marillensorten (Prunus armeniaca L.)
zu differenzieren; einzelne Verbindungen wurden mittels GC-MS identifiziert. Die Konzentrationen der Aro-
maverbindungen wurden statistisch mittels Logistischer Regression analysiert, und PCA wurde fiir die Differenzierung
von vier Sorten im Stadium der Uberreife erfolgreich angewandt. Obwobl die Anzahl der fliichtigen Verbindungen in
jeder Probe ibnlich war, variierten ihre absoluten Gesamtgehalte und die bestimmter einzelner Verbindungen zwis-
chen den Sorten und auch mit dem Reifegrad. Die Hauptgruppen der fliichtigen Verbindungen waren C6-Alkohole
und Aldehyde. Insbesondere (E)-2-Hexenol, (E)-2-Hexenal und Hexenal machten zusammen etwa 65 bis 73 % der
gesamten Alkohole und Aldehyde aus. Die wichtigen fliichtigen Verbindungen zur Unterscheidung zwischen Reif-
ephasen waren Benzylalkohol, (Z)-3-Hexenal und y-Caprolacton. Die Rate des Weichwerdens nimmt wihrend der
Zeit nach der Ernte graduell ab. Dariiber hinaus konnen einige der Sorten noch in der Hochphase ibrer Entwicklung
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im Hinblick auf die CO ,-Produktion sein, wihrend andere Sorten bereits iiber diese Phase hinaus sind, was durch
eine geringere Respirationsrate gekennzeichnet ist. Von den insgesamt vierzehn untersuchten Sorten konnten nur vier
klar durch Haupthkomponentenanalyse (PCA) im Stadium der Uberreife unterschieden werden. Praxisorientierte
Erwigungen wie der optimale Zeitpunkt der Ernte sollten auf dem Beginn der Hochphase der CO ,-Produktion und
nicht der Ethylenproduktion basieren, welche zu diesem Zeitpunkt im GrofSen und Ganzen in allen Sorten ihnlich
ist und sich nur in einem Bereich von 0,4 bis 1,5 pl.kg . b1 bewegt. In der Phase der Uberreife bewegen sich die Werte
fiir die Ethylenproduktion zwischen 30,0 und 51,6 pul.kg!.h'abhingig von der Sorte.

Keywords: Marille, fliichtige Verbindungen, Ethylenproduktion, Respirationsrate, Kopfraumanalyse, PCA

La formation de composés volatils dans des abricots (Prunus armeniaca L.) au cours de la maturation aprés
la récolte. Ce sont surtout 75 composés volatils au total qui sont responsables des profils aromatiques des abricots. Ces
composés volatils ont été examinés a laide de la méthode SPME afin de différencier quatorze variétés d'abricots (Pru-
nus armeniaca L.) ; différents composés ont été identifiés a l'aide de GC-MS. Les concentrations des composés aroma-
tiques ont été analysées statistiquement au moyen de la régression logistique, et PCA a été employé avec succés pour la
différenciation de quatre variétés au stade de la surmaturité. Alors que le nombre des composés volatils était similaire
dans chaque échantillon, leurs teneurs totales absolues et celles de certains composés individuels variaient entre les var-
iétés et également en fonction du degré de maturité. Les groupes principaux des composés volatils étaient les alcools C6
et les aldéhydes. Le (E)-2-hexénol, le (E)-2-hexénal et I'hexénal notamment constituent dans leur ensemble prés de 65
a 73 % du total des alcools et aldéhydes. Les composés volatils déterminants pour la différenciation entre les phases de
la maturation étaient l'alcool benzylique, le (7)-3-hexénal et I'y-caprolactone. Le taux de ramollissement diminue gra-
duellement au cours de la période suivant la récolte. En outre, quelques variétés peuvent se trouver encore dans la phase
de pointe de leur développement en ce qui concerne la production de CO.,, tandis que d autres variétés ont déja dépassé
cette phase, ce qui est caractérisé par un taux de respiration plus faible. Sur les quatorze variétés examinées, quatre
seulement ont pu étre clairement identifiées par l'analyse des composantes principales (PCA) dans le stade de la surma-
turité. Les réflexions axées sur la pratique, telles que le moment optimal de la récolte, devraient se baser sur le début de
la phase de pointe de la production de CO, et non pas d'éthyléne qui, & ce moment-la, est pratiquement similaire pour
toutes les variétés et qui ne varie que dans une plage de 0,4 & 1,5 pl.kg . /1. Dans la phase de la surmaturité, les valeurs
de la production d'éthyléne varient entre 30,0 et 51,6 ul.kg'.br! en fonction de la variété.

Mots clés : abricot, composés volatils, production d’éthyléne, taux de respiration, analyse de 'espace de téte,

PCA

The stage of maturity when fruit is harvested, the sub-
sequent degree of ripening and the control of tempe-
rature during storage have all been identified as the
most critical factors in the post-harvest life of apricots,
decrease of firmness being the main attribute affecting
quality (Branco etal., 2010). Apricots must be picked
at a stage of ripeness as near as possible to the opti-
mum edible quality in order to have good aroma deve-
lopment, especially for low-aroma cultivars (BoronbI
et al., 2003; GuiLLoT et al., 2006). The aromas of
apricots vary widely between cultivars with different
volatile groups such as terpenols, esters, lactones, and
C6 compounds predominating (GOMEZ and LEDBET-
TER, 1997), and naturally also depend on the stage of
ripeness (GOLIAS et al., 2011; Rru-AUMATELL et al.,
2005 ). Consequently, the profiles of volatile com-
pounds observed in different apricot cultivars also vary
significantly, both qualitatively and quantitatively
(AuBERT et al., 2010; DeriLIpPI et al., 2009). They are
influenced by genotypic background (GonzALez-

AGUERO et al., 2009; LEIDA et al., 2011) and a range
of other technical parameters (Soris-Souis et al.,
2007; Rru-AuMATELL et al., 2004; SARRY and GUNATA,
2004). Therefore the availability of rapid and accurate
methods to measure the volatile characteristics of fruit
at harvest and during subsequent storage is of utmost
importance to support product development and qua-
lity control. The objectives of this work were to moni-
tor the physical and chemical parameters of ripening
in apricot fruit of 14 cultivars when stored for 7 days
at 20 °C. Specifically, this meant measuring the pro-
duction of physiological gases such as ethylene and
CO,, changes in the concentration of volatile com-
pounds, and the rate and degree of fruit softening.

Material and methods

All the cultivars came from the same area (Velké Bilo-
vice, South Moravia). The trees were aged from 5 to 7
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years and were all grown on the same rootstock, MLE-
1. Irrigation was used only when a soil moisture defi-
cit was given. A compound NPK fertilizer (1.1 % N,
7.0 % P and 7.0 % K) was applied at 250 kg/ha once
a year in early spring, just before budbreak. Cultivars
were harvested in a staggered sequence as follows:
June, 23% (cvs. 'Silvercot' and 'Pincot'), June, 28t
(cvs. 'Orangered' and 'Tomcot'); July, 9% (cvs.
'Betinka', 'C-2927", 'C-3241', 'Kioto' and 'Gold-
rich"); July, 13t (cvs. 'Velkopavlovicka' and 'Marlen');
July, 19% (cvs. 'Hargrand', 'Bergeron' and 'Berga-
rouge'). The same criteria for assessing maturity were
used for all cultivars and, when picked, half of the
freshly picked apricots were analysed immediately and
the remainder were stored at 20 °C and analysed when
they had ripened for further seven days. Fruit were
harvested and removed from the experimental orchard
with minimal delay and transported to the Postharvest
Laboratory in Lednice within approximately two
hours. Fourteen apricot cultivars at the same colour
stage were selected for uniformity of colour develop-
ment and lack of defects. Half of the fruit were used
for the initial physico-chemical measurements, and
the other half were stored in the dark at 20 °C and 90
to 95 % relative humidity for seven days before analy-
sis.

Firmness and soluble solids measurements

Fruit firmness was measured using a manual penetro-
meter (Fruit firmness Tester, Turoni, Forli, Italy) with
a plunger 7.9 mm in diameter. Measurements were
made on the two cheeks of the fruit without removing
the skin and the results expressed in MPa. The soluble
solids content (SSC) was measured with a manual
temperature-compensated refractometer (ATC-1E,
Atago, Tokyo, Japan) in a sample of juice from the
pulp of each fruit, with results expressed in °Brix. Both
evaluations were made using 15 fruit per sample.

Ethylene production and respiration rate

Measurements of the ethylene production rate were
carried out twice, once at harvest and again at the end
of the ripening period in a chamber at 20 °C. The fruit
were stored in sealed flasks at 20 °C for a period of one
hour before a sample of 1 ml was taken from the head
space, which was then injected into a gas chromato-
graph (4890D; Agilent Technologies Inc., Wilming-
ton, USA) with an HP-PLOT/Q column and flame

ionization detector (FID). The results are expressed in
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pl C,Hy per kg fruit per hour. Measurements of the
respiration rate were conducted with the same fruit as
those used for measuring ethylene and were performed
using an HP-AI/KCI column and a thermal conducti-
vity detector (TCD). The results are expressed in mg
CO, per kg fruit per hour. Three replicates with five

fruit each were used for each cultivar.

Determination of the volatiles responsible
for aroma

A manual solid phase microextraction (SPME) fibre
holder coated with a 100 ®m layer of poly-dimethyl-
siloxane (PDMS), purchased from Supelco (Belle-
fonte, USA), was chosen to absorb the volatile compo-
nents of fruit samples. Firstly, the extraction head of
the SPME was conditioned in the sample valve of the
GC-MS at a temperature of 250 °C for 5 min, and
then the needle of the SPME device pierced the sep-
tum of the vial and the fiber was exposed for 30 min
to the headspace of the vial at 50 °C. Subsequently, the
needle was removed from the sample vial. Finally, the
needle was manually inserted into the gas chromato-
graphy injector, where the analyses were thermally
desorbed and analyzed. The desorption time was 5
min at 250 °C. GC-MS measurements were made
using a gas chromatograph (7890A; Agilent Technolo-
gies, Inc., Santa Clara, USA) interfaced to a quadru-
pole mass spectrometer (Agilent GC MSD 597), using
the NIST 98 library of mass spectra. Analyses were
separated using a DW WAX fused silica capillary
column of 30 m x 0.25 mm with a phase thickness of
0.25 Km from ] &W Scientific (Agilent technologies
Inc., Santa Clara, USA), which was inserted directly
into the ion source of the MS. Compounds were pro-
visionally identified using the NIST mass spectra lib-
rary search, and the identity of most of these com-
pounds was confirmed by comparing their mass spec-
tra and retention times with those obtained for a stan-

dard.
Statistical analysis

All statistical analyses were performed using the SAS
statistical software package version 9.2. (SAS Institute
Inc., Cary, USA). For each apricot cultivar, descriptive
statistics (mean + standard error) at each stage of
maturity were calculated for each parameter under
investigation. A stepwise log regression model was
used to explore the effect of all parameters (volatiles
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and non-volatiles) as explanatory variables in a binary
response (ripe/over-ripe). A binary value of 0 corres-
ponded in this model to the ripe stage and the value 1
coded for the over-ripe stage of fruit. Principal compo-
nent analysis (PCA) was used to discriminate the cul-
tivars at each of the two stages of ripeness. The first
three principal compounds were chosen as a linear
combination of the observed variables, selected in
such a way that the resulting compounds accounted
for the maximum amount of variation in the set of
volatile and non-volatile variables. Before proceeding
with the statistical analysis the data matrix was stan-
dardized by setting mean values at zero.

Results and discussion

Physico-chemical changes in ripe fruit

Apricot fruit rapidly soften after harvest, and this is
the major factor limiting their shelf-life. It seems likely
that ethylene levels are already sufhciently high enough
at the point of harvest to initiate softening, since fruit
typically start to soften before there is any significant
further increase in ethylene levels. At the time of
picking, ethylene production in the fruit is at the
detection limit ranging from 0.4 to 1.5 MlL.kg'.h-"> alt-
hough in four cultivars ('Marlen', 'Betinka’, 'Gold-
rich' and 'Velkopavlovicka') it was higher namely at 2
to 8 Ml.kg'.h-1. Subsequently, it becomes possible to
separate the cultivars into three groups (Fig. 1, Table
1), depending on the rate of ethylene production.
'Kioto', 'Marlen' and "Tomcot' have a relatively low
rate of ethylene production (0.01 to 0.3 Kl.kg"'.day™!),
'C-2729', 'Bergeron’, 'Bergarouge', 'Orangered’,
'"Pincot' and 'Silvercot' have a medium rate (0.3 -
1.5K.kg'.day!) and 'C-3241', 'Betinka', 'Goldrich’,
'Hargrant' and 'Velkopavlovicka' have a high rate (1.5
to 5.5 Ml.kg!.day!). However, a low rate of softening
does not necessarily suggest mean a low rate of ethy-
lene production, since no significant correlation bet-
ween the two phenomena was observed (R2 = 0.0047)
(Table 1). Table 2 shows values for chemical com-
pounds). The softening rate and rate of ethylene pro-
duction in the cultivars were so variable that only two
cultivars ('Kioto' and 'Marlen') met the requirements
for slow post-harvest over-ripening, namely, a low rate
of production of ethylene and only slight softening
(Table 1). Observations on the production of CO,

were not helpful in differentiating between the culti-
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vars (Fig. 2). The reason for this reduced respiration
rate in the period following 7 days of storage at 20 °C
is the early achievement of the climacteric peak, where
CO, production is at a maximum, followed by a tran-
sition into a post-climacteric, senescent stage of deve-
lopment. The cultivars "Velkopavlovicka', 'Silvercot'
and 'Marlen' had high rates of CO, production at
picking time, but lower rates, around 40 to 60 mg.kg-
1.h-! lead to the full development of fruit at the climac-
teric stage (Fig. 2), in contrast to as demonstrated by
cvs. 'Bergeron', 'Bergarouge’, 'Goldrich', 'Betinka'
and 'C-3241" where over-ripe fruit exhibited a higher
rate of CO, production. Only insignificant changes
were observed in the remaining cultivars, 'Hargrant',
'Kioto', 'Orangered' and 'Pincot’. As expected, the
values for firmness decreased in all cultivars with
advancing ripening (Fig. 3), but the levels of soluble
solids did not change significantly (Fig. 4), which is
consistent with the observations by CHAHINE et al.
(1999) and VALDEs et al. (2009), that sugar content,
for example, is not influenced by ethylene levels. Log
regression coefhicients for ripening are high for ethy-
lene production and clustered together, with negative
drifting for the parameters of firmness and CO, pro-
duction but minimal negative drifting for soluble
solids (Table 3).

If the cultivar 'Bergeron' is taken as a standard for pur-
poses of comparison, then CO, production and solu-
ble solids in the cultivars under investigation are all
rather similar, and it is not possible to use these two
parameters to separate them.

Although the log coefficients for ripening in terms of
rates of ethylene production and firmness are statisti-
cally significant, they are not very useful for distingu-
ishing cultivars, although the p-values for cultivars do
have higher values than for the ripening process.

Changes of volatiles in fruit

A total of 75 volatile aroma compounds were identi-
fied in the 14 cultivars, comprising 22 alcohols, 16
aldehydes, 18 esters, 12 terpenes, 5 lactones and 2
ketones. The mean values for each volatile compound
in each functional group from each cultivar are presen-
ted in Table 2. Alcohols, which are considered to con-
tribute a faint fruity scent, are already present in high
concentrations at harvest time due to the deamination
of a-amino acids as an oxidative reaction occurring
under aerobic conditions (GOMEz et al., 1993; GOMEz
and LEDBETTER, 1997). The predominant alcohols are
ethyl alcohol and branched chain alcohols, such as
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Fig. 1: Production of ethylene (ul.kg.h) during ripening stages ripe (R) and over-ripe (O)

2-methylbutan-l-ol, 2-methylbuten-1-ol, (E)-2-hexe-
nol and benzylalcohol. At post-harvest temperatures
0f 20 °C the concentrations of these alcohols vary with
the cultivar and remain almost unchanged over time,
even though they are utilized in the production of
esters. Overall, the main volatile compounds identi-
fied were CG6 alcohols and aldehydes. In particular,
(E)-2-hexenol, (E)-2-hexenal and hexenal, taken
together, accounted for 65 to 73 % of the total pro-
duction of alcohols and aldehydes. These have previ-
ously been identified as being the characteristic vola-
tile compounds of apricots (GuiLLOT et al., 2006;
AuBert and CHANFORAN, 2007; GoxsuLuT and
Karasurut, 2012). They are also generated in res-
ponse to various physiological stresses, such as woun-
ding (Gray et al., 1999; MYUNG et al., 2006). Esters
are another, not insignificant, compositional group
with the dominant compounds being ethyl-(E)-3-he-
xanoate and 2-methylbutyl acetate. On the other
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Fig. 2: Production of CO, (mg.kg'.h') during ripening stages ripe (R) and over-ripe (O)

Fig. 3: Changes of firmness (MPa) during ripening stages ripe (R) and over-ripe (O)
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Fig. 4: Changes of soluble solids (°Brix) during ripening stages ripe (R) and over-ripe (O)

hand, in contrast to the findings of AuberT and CHAN-
FORAN (2007), butyl acetate was almost completely
absent from all the cultivars during ripening. Limo-
nene is the dominant terpenic compound, which gives
a fruity, especially a citrussy note to the apricot aroma
(GurLror et al., 20006), and 6-methyl-5-hepten-2-one
is one of the two active ketones important for apricot
aroma. In this study, the observed values for this
ketone in the final stage of ripening of the following
three cultivars were: "Tomcot' 193.1 + 23.6 Kg/l, 'Ber-
geron' 199.0 + 19.3 Kg/l and 'Bergarouge' 155.9 +
27.6 Kg/l. However, at the time of picking these con-
centrations ranged from very low levels, close to the
detection limit, to values approximately half of those
recorded in the final stage of ripening. As can be seen
in Table 4, this compound significantly contributes to
the resolution of cultivars. Important volatiles for dif-
ferentiating between the ripening stages are benzylal-
cohol, (Z)-3-hexenal and y-caprolactone, and for dif-
ferentiating cultivars the important volatiles are 2-hep-

tanol, benzylalcohol, (E)-2-hexenal, ethyl undecano-
ate, 6-methyl-5-heptene-2-one, nerol, and a-linalool
(Table 4). These compounds have previously been
reported to contribute to apricot aroma by a number
of authors (GOMEZ and LEDBETTER, 1997; GREGER
and ScHIEBERLE, 2007; DEFILIPPI et al., 2009; AUBERT
et al., 2010). According to GREGER and SCHIEBERLE
(2007), lactones are thought to be responsible for the
sweet and fruity sensory properties of fresh apricots.
The levels of y-caprolactone determined in our study
were found at the over-ripe stage to range from 149
Mg/l in the cv. 'Kioto' to as high as 7505 Kg/l in the cv.
Velkopavlovicka. However, the other compounds
from this chemical group, such as y-octalactone and
y-Decalactone, were present at levels of tens of Kg/l
and this applied to all the investigated cultivars. How-
ever, significantly higher concentrations were found in
the cv. 'Marlen' (709 + 125 Mg/I) and in the cv. "Vel-
kopavlovicka' (689 + 121 Kg/l). As reported by ENGEL
et al. (1988), lactones cannot be detected in mature
green samples.
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Principal component analysis (PCA) for the
two stages of ripening

The first two principal components, PC1 and PC2, for
ripe fruit accounted for 44.6 % of the total variance
(30.2 % and 14.4 %, respectively; Fig. 5). The first
component (PC1) was characterized by major levels of
(Z)-3-Hexenal and o-Linalool in terms of positive
values. For the second principal component (PC2),
the attribute nerol showed high, positive values. The
fact that the four cultivars 'Hargrant', Pincot', 'Silver-
cot' and 'Orangered' were well separated from the
other ten cultivars in the data sets suggests that the
volatiles used to calculate the scores (eigenvalues) were
different (Table 5). The remaining cultivars ('Gold-
rich', 'Bergeron’, 'C-2729', 'C-3241', 'Betinka’,
'Bergarouge', 'Kioto', "Tomcot', "Velkopavlovicka' and
'Marlen') had the greatest similarity (Fig. 5). When
the fruit is in the over-ripe stage, the production of
other compounds like heptanol and benzylalcohol
(significant in PC1), as well as ethylene and CO, (sig-
nificant in PC2), becomes pronounced (Table 5), and
their influence on the ripening process is confirmed by
the p-values (Table 2). With the exception of alcohols
and terpenes, the concentrations of which during ripe-
ning remain almost the same or even decrease, the
other chemical groups (aldehydes, esters, lactones and
ketones) can be used to differentiate between the cul-
tivars because their concentrations in the fruit more
than double, even though the total number of com-
pounds in each group does not change. This applies to
both ripe and over-ripe fruit (Table 2).

From the fourteen cultivars tested, only four could be
clearly distinguished at the over-ripe stage (Fig. 6).
The remaining set of cultivars cluster together at the
lower left of Figure 6, and even here one can see the
similarity in replicated samples of the same cultivar.
The general increase in the total level of volatiles
during ripening has also been observed by SovLis-Sovis
et al. (2007); AuBert and CHaNFORAN (2007),
AUBERT et al. (2010) and GoL1AS et al. (2011).

Conclusion

The changes in the post-harvest physico-chemical pro-
perties of apricot cultivars picked at their optimal har-
vestable stage of maturity were investigated. Soluble
solids ranged from 10.8 to 13.5 °Brix, and firmness
from 1.1 to 3.2 MPa. Both ranges are very wide, and
cannot be used to infer the earliness of cultivars. Ethy-
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lene production at the time of picking is low and still
only at threshold values for detection, which corres-
ponds with the beginning of the climacteric phase.
The values are similar in most cultivars. On the other
hand, the production of CO, varies widely, ranging
from 30 to 90 mg.kg'.h-!. The cultivars could be dis-
tinguished from each other in the post-harvest period
by differences in their production of ethylene, as well
as differences in their rates of softening. Although
there was no correlation found between these two
parameters, it was observed that at least two cultivars
(‘'Kioto' and 'Marlen') had low rates of ethylene pro-
duction and also did not soften very well. The rate of
CO, production, which is a classic parameter traditio-
nally used to define the beginning of the climacteric
phase of development, does not provide enough infor-
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Fig. 5: Patterns of the first two PCA component scores - ripe fruit: BER — 'Bergeron’, BET — 'Betinka', GO — 'Goldrich', OR - 'Oran-
gered', PIN — 'Pincot’, SIL — 'Silvercot', VP — "Velkopavlovickd', BER — 'Bergeron', BGR — 'Bergarouge', KIO — 'Kioto', HAR
— 'Hargrant', 'C-2729" (a new cultivar), 'C-3241" (a new cultivar), TOM — "Tomcot'

Fig. 6: Position of PC scores for the ten cultivars on the two first PC axes for ripening stage over-ripe (cultivars as in Figure 5)
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mation to differentiate these apricot cultivars. The for-
mation of the volatile compounds in apricot fruit is a
dynamic process, and generally they are present in only
small quantities, or even not at all at the time of har-
vest, developing only after a period of ripening. In the
surveyed chemical classes, the biggest observed increa-
ses during the ripening of apricot fruit were in the
levels of lactones, which more than doubled, followed
by those of esters and aldehydes, whereas the levels of
alcohols and terpenes declined during the ripening
phase. Just three volatiles were sufficient to identify the
over-ripe stage of maturity. When the cv. 'Bergeron' is
compared with other cultivars, then a total of seven
specific volatiles is required to separate them. Principal
component analysis revealed correlations between
volatile compounds, and the rate of production of
physiologically important gases such as ethylene and
CO,, while fruit softening was not significant.
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