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“Flavor Intensity” Evaluation of Two Peach Fruit
Accessions and Their Four Offspring at Unripe and Ripe
Stages by HS-SPME-GC/MS
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Abstract This work successfully used an easy analytical method to produce comparable data referable to sensorial
quality of fruits. In this study we examined the distribution of twenty-two volatile compounds for two peach accessions,
Bolero and Oro A, and four of their offspring using head space solid-phase micro-extraction (HS-SPME) and GC-MS. The
quantitative comparative distributions of thirteen “key volatile compounds” were elaborated to deduce the “flavour
intensity” of each compound for each peach sample, also at two extreme stages (unripe and ripe). Clear differences were
found between Oro A and Bolero and some trends have been evidenced considering their four offspring (for ex. total
flavour intensities, hexyl-acetate trend, uniform decrease of (E)-2-hexenal). The criterion adopted permits to compare the
flavours quality using “flavour intensity” data and to search for similar characteristics.
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1. Introduction

The sensory quality of the peach (Prunus persica L.
Batsch) is linked not only to basic organic components
(sugars, organic acids, fibers, micro and macro elements)
but also to flesh texture and in great part to the volatile
compounds, which define the flavor impact. On the other
hand, peaches are classified as either melting flesh (MF) or
non-melting flesh (NMF) on the basis of fruit texture.In
particular, the decrease in fruit firmness is more pronounced
for MF fruits during ripening[1]. There are many studies
concerning changes in the expression of genes in peaches
[2-18], but there are few studies in the field on the
identification of fundamental changes in volatile compound
patterns during ripening for defined accessions or their
offspring.

Peach volatile compound patterns have been studied with
different aims, including qualitative and quantitative
distribution of volatiles[19, 20], characterization of peach
and nectarine accessions from different origins[21, 22],
changes in aroma composition during ripening and under
different postharvest conditions[20, 23, 24], and interaction
of volatiles with human receptors[25]. This work
contributes to the study of fundamental modifications of
volatile organic compounds and may represent an
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interesting model for studies on ripening, considering the
fruit epicarp seems to be the tissue where most of the
volatile compounds are produced[26].

Different methods are used to extract the volatile fraction
for aroma descriptions. The ones based on distillation,
distillation/concentration, or on more complex capturing
volatile systems seem to affect the extraction yield[21,
26-30] and don’t show very high advantages in comparison
with more simple methods based on head space solid-phase
micro-extraction (HS-SPME)[31-46]. In recent years,
methods based on SPME are largely considered to be useful
for comparative descriptions of volatile patterns, and able to
offer a more representative image of the flavor impact on
nose. For studies on production-transformation chains of
fruits and derivatives, the use of simple analytical
procedures for characterization of volatile profiles and rapid
analysis systems may improve the standardization of quality
and facilitate measures at various ripening stages. The
SPME procedure involves the adsorption of analytes onto a
fused silica fiber coated with suitable stationary phase and
their subsequent desorption immediately before chromatogr
aphic analysis. The use of HS-SPME, i.e. exposing the fiber
to sample head space, can drastically reduce interferences
that affect the absorbance of flavor compounds on the fiber;
consequently, the HS-SPME- GC/MS method permits a
useful comparison of aroma profiles[33, 46-55]. In terms of
fruit quality at consumption, harvest timing is the
determining factor for consumer appreciation[23] and it is
assumed that peach fruit expresses the best aroma when
completely matured[56]. Consequently, the identification
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and quantification of volatile compounds are often
considered only from ripe fruits[28Jand many Authors,
adopting various analytical approaches, demonstrate the
general interest for the characterization of volatile
compounds[21,26,28, 57-67]

For the volatile compounds profile evaluation of two
peach accessions known as Bolero (MF) and Oro A (NMF)
and some of their offspring, the SPME technique was
adopted. The two peach fruits have different phenotypes and
were earlier objects of research on ethylene evolution[7]: the
first is classified as melting flesh, ideal for fresh markets and
the second is non-melting flesh, which is preferred for
canning. The same two accessions have been studied for
changes in the expression of genes involved in ethylene
signalling[ 1, 8, 10].

In this study, is presented for the first time an evaluation
model for volatile compounds based on the selection of key
odorants involved in the sensorial changes that occur in
peach accessions and their offspring during the ripening
process. “Odor threshold” of key compounds were
introduced to produce data of “flavor intensity” more
objective and more useful than the per cent composition
calculated from all volatile compounds.

2. Materials and Methods

2.1. Plant Material

Two peach accessions (Bolero and Oro A) and four of
their offspring, identified as BO 96 014 098 F, BO 96 014
137 F, BO 96 014 060 NF, and BO 96 014 106 NF (coded as
“A”, “B”, “C”, and “D”, respectively), were grown
following the fundamentals of integrated farming at the
Experimental Orchard of the University of Milan (A zienda
Agricola Zabina, Castel San Pietro, Bologna, Italy).

2.2. Ripe Stages

Fruits at two ripe stages, unripe (U) and ripe (R), based on
visual color changes and manual firmness of the fruit, were
harvested fromdifferent trees. Ten (unripe and ripe) of each
accession were chosen and kept for five days at 5°C they
were submitted to the analysis following theHS-SPME
sampling, as described below.

2.3. HS-SPME Sampling

The edible parts of the fruits were manually prepared,
without using steel knives. Peels and pulps were
homogenized, weighed, and separated into aliquots. Each
sample (20 g) was poured into a 40 mL headspace vial fitted
with a Teflon-lined septum. The SPME fibers(2cm of 50/30
DVB/CAR/PDMS) and the holder were obtained from
Supelco, Italy, and were first conditioned according to the
manufacturer’s instructions. A fiber was inserted into the
headspace of the vial after 10 min at 20-25°C, to achieve
headspace equilibrium, and was then exposed to the
headspace for 20 min at 20-25°C, with magnetic stirring.

Afterwards, the fibers were retracted into the needle and
introduced into the GC/MS injector (T = 230°C ) for
desorption and analysis of the volatiles.

2.4. GC/MS Analysis

The capillary GC/MS analyses were carried out using a
gas chromatograph (Shimadzu GC-QP2010 model, coupled
to a Shimadzu MS — QP2010). An Equity-5 capillary silica
column (30 mx 0.25 mm, 0.25 pm filmthickness) was used
for compound separation. The column oven temperature was
programmed as follows: 60°C starting temperature (1 min),
then 60-240°C at 3°C/min heating rate, and 10 min hold.
The carrier gas was He (1.0 mL/min), injection was in split
mode (1/5), and the injector and detector temperatures were
setto230°C and 250°C, respectively. The MS ran in electron
impact (EI) mode at 70 eV electron energy, 1010 V electron
multiplier, and 200°C ion source temperature. Mass spectral
data were acquired in scan mode (m/z range = 40-300).
Identification was carried out by calculating retention indices
and comparing mass spectra with those in databanks:
in-house Di.S.A.A. library, NIST 147 (Shimadzu), and
Adams[68].

3. Results and Discussions

The results of the GC/MS-SPME analysis were reported
as area counts produced in identical conditions for the two
peach accessions, Bolero (MF) and Oro A (NMF), and their
four offspring. To guarantee the comparability of data, the
adsorption efficiency of the fiber was controlled for each
sample, verify ing the repeatability (RSD < 3%)of the area of
the standard substance (octanol-2). Table 1 shows the
relative percentage composition of 22 volatile compounds on
two extreme ripening stages (unripe and ripe, identified as
“U” and “R”) for two accessionsOro A and Bolero and their
four offspring. To obtain datarepresenting the aroma patterns
with more correlation to sensorial perception, thirteen key
volatile compounds were selected and new data were
expressed as relative percentage of these selected
compounds in Table 2. The list of these substances more
specifically responsible of the peaches flavor appear in Table
3 with corresponding odor threshold (o.th) values and
descriptive characters such as “green”, “grass”, “leaf”,
“sweet”, “fruit”, “peach-like”.

To obtain values named “flavorintensities”, the data
shown in Table 2 were divided by the corresponding “odor
threshold” (o.th.). The resulting data (%./0.th.); 13, permit to
write Table 4 where appears, for single column, the number
of “odor unities” of thirteen single volatile compounds and
the resulting “total flavor intensity”.

Each column in fact represents numerically the odor
unities present in an ideal volume (1 L) of air containing
100mg of volatile compounds having the percentage
composition reported in the corresponding column of Table
2.
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The amounts expressed as “total flavor intensities” do not
include data concerning (E)-2-hexenal, identified as one of
the two most quantitatively represented volatile compounds.
The other one most represented compound is hexyl acetate.

The two mentioned volatile compounds show an opposite
trend: the first, shows in all cases decreasing values with the
increase ripening, the second, on the contrary, shows
increasing values from stage U to stage R. Therefore, the
decreasing trend of (E)-2-hexenal with ripening corresponds
to decrease of “green” note; the increasing trend of hexyl
acetate produces sweet and fruity notes.

Data conceming (E)-2-hexenal show to be comparable:
Oro A with offspring D, while a lower likeness exists
between Bolero, B and C.

At stage “R”, comparable values of hexyl acetate
correspond to Oro A, Bolero, A, C, D but with different
values at “S” stage.

The A(R-U) values represent a global measure of the
quantitative modification of characteristic positive flavour
Table 1.
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notes occurring with ripening: an increase of this parameter
is registered for all samples considered, but with some
notable differences. The most evident increase is shown for
Bolero, A and B, less evident for Oro A, C and D:

One of the most characterizing notes (leafy, fruity, fresh
cut gras and green grass) seems to be derived from the
influence ofalcohols (Z)-3-hexen-1-ol and (E)-3-hexen-1-ol.
For this character, Oro A and Bolero appear to be very
different, but the offspring A and B appear to be similar to
Bolero.

Considering in particular the trend of the sum of aldehydes
nonanal and decanal it results to be evident a dissimilar
comportment for different samples: with ripening it is
evident the increase for samples Oro A, A, B, D but not for
Bolero and C.

Comparable data at stages “R” reach the sum of esters
(including hexyl acetate).

Volatile compounds composition intwo peach accessions (Oro A and Bolero) and fouroifsl]tJring (A, B, C,andD) at stages U (unripe) and R (ripe).
Data are expressed as % area counts by HS-SPME-GC/MS. Texture classification is specified as me

ing flesh (MF) or non-melting flesh (NMF)

Oro A(NMF) | Bolero (MF) A (NMF) B (MF) C (NMF) D (MF)

compound U R U R U R U R U R U R
1| ethyl acetate i 4191 | w [ 370 | w | w | 312|040 | & | & |2158
2 | npropylacetate | tr. | 156 | tr | 349 | 025 | 376 | 018 | 433 | 010 | 009 | 568 | 849
3 isobutyl acetate tr. 2.72 tr. 0.54 tr. tr. tr. tr. 025 1.10 0.18 0.85
4 hexanal 17.85 | 093 | 3166 | 361 | 3520 | 2.17 | 2561 | 339 | 3354 | 666 | 441 | 059
5 | butylacetate . | 031 | w | e | 009 | 062|017 | tr | w | 008 | 024 | 037
6 | (Ey2hexenal | 2068 | 157 | 5949 | 2022 | 4731 | 1268 | 4653 | 2052 | 3806 | 2267 | 27.71 | 227
7 | @) 3hexeni-ol | 359 | 571 | 224 [ 1270 | 292 | 1144 | 367 | 1190 | 316 | 506 | 527 | 938
8 | (E}2hexen-l-ol | 1235 | 1486 | 169 | 997 | 256 | 1219 | 556 | 1059 | 377 | 998 | 13.83 | 1637
9 hexanol 3667 | 1526 | 248 | 2220 | 561 | 2593 | 1230 | 2588 | 11.50 | 27.14 | 20.64 | 16.44

10 n-amyl acetate tr. 1.11 0.10 0.30 040 0.55 033 026 028 0.80 tr. tr.
11| benzaldchyde | 061 | 034 | o1 | 023 | 014 | 022 | 006 | 017 | 009 | 011 | 004 | 019
12 | @r3hexenyl 149 | 551 | 033 | 1336 | 300 | 1069 | 287 | 854 | 461 | 1541 | 700 | 12.68

acetate

13 | hexylacetate | 323 | 283 | 034 | 544 | 072 | 639 | 100 | 427 | 157 | sa1 | 287 | 438

14 | (BrZhexenyl 150 1 966 | 023 | 232 | 079 | 849 | 086 | 431 | 105 | 289 | 289 | 494
acetate

15 limonene tr. 0.75 0.83 0.00 037 022 031 tr. 031 049 tr. tr.

16 | 18-cineole . | 067 | tw | 000 | 012 | 139 | 012 | 099 [ 012 [ 023 | & |
17 | yhexalactone | 006 | 061 | tr | 016 | 004 | 1.15 | 001 | 015 | 006 | 0.9 | 007 | 033
18 linalool i | e | w | 045 | 003 | 056 | 007 | 040 | 041 | 044 | 001 | 001
19 nonanal 007 | 015 | 025 | o6 | 020 | 022 | 010 | 021 | 030 | o1 | 005 | 026
20 decanal 003 | 007 | 025 | 025 | o1 | 013 | 006 | 012 | 019 | 019 | 003 | 0.5
21 | y-decalactone | 006 | 039 | . | 082 | 004 | 099 | 011 | 078 | 011 | 097 | 007 | 061
22 | soctabctone | 002 | 006 | . | 009 | 001 [ 019 | . | 009 | 002 | 020 | 003 | 011
total T00 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

tr. = traces < 0.01
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Table 2. Key volatile compounds in two peach accessions (Oro A and Bolero) and four offspring (A, B, C, and D).Data are expressed asrelative % of key
volatile compounds for two stages U(unripe) and R(ripe). Texture classification is specified as melting flesh (MF) or non-melting flesh (NMF)

Oro A(NMF) | Bolero (MF) A (NMF) B (MF) C (MP) D (NMF)

compound U R U R U R U R U R U R

1 (E)-2-hexenal 4548 | 452 | 91.61 | 30.55 | 81.77 | 19.40 | 76.41 | 33.07 | 71.26 | 35.75 | 46.30 440

2 | (Z)-3-hexen-1-01 | 789 | 1642 344 19.20 504 | 17.51 | 6.03 19.18 | 592 798 8.80 18.15

3 | (E)-2-hexen-1-0l | 27.16 | 42.72 | 2.60 15.07 | 442 | 18.65 | 9.12 | 17.06 [ 7.06 | 15.74 | 23.11 31.67

4 benzaldehyde 135 [ 099 0.17 034 024 [ 033 | 0.10 027 0.17 0.17 0.06 037

(Z)-3-hexenyl
acetate

6 hexylacetate 7.11 8.14 0.53 823 125 9.78 1.64 6.88 2.94 8.05 4.79 848

483 | 1584 | 051 20.18 | 5.19 | 1636 | 4.72 13.76 | 8.63 | 2431 | 11.70 24.53

(E)-2-hexenyl
acetate

8 y-hexalactone 0.14 1.76 tr. 024 0.07 1.76 | 0.02 024 0.12 030 0.11 0.64

565 | 765 036 351 137 | 13.00 | 141 695 196 456 483 9.55

9 linalool tr. tr. tr. 0.68 0.05 086 | 0.11 0.65 0.76 0.69 001 0.02
10 nonanal 0.15 044 039 025 034 034 | 0.17 034 056 0.17 0.08 049
11 decanal 0.08 021 039 037 0.18 020 | 0.10 0.19 035 030 0.05 028

12| y-decalactone 0.13 1.13 tr. 123 0.07 151 0.19 126 020 153 0.12 1.18

13 S-octalactone 004 | 0.19 tr. 0.14 002 [ 028 tr. 0.14 0.05 046 0.05 022

total 100 100 100 100 100 100 100 100 100 100 100 100

tr. = traces < 0.01

Table 3. Odor threshold (mg//L) in air and odor description of volatile compounds cited in Table 2 and 4. Odorthreshold values derived from in-house TB
L.R.A. library (Di.S.A.A. — University of Milan, Italy)

Compound odorthreshold in air description
P (mg/L) P
(E)-2-hexenal 0017 green, leaf, apple, green fruity
(Z)-3-hexen-1-olo 0.070 green, leafy, green grass, fresh, fresh cut grass
(E)-2-hexen-1-olo 0.100 sharp, green, leafy, fruity, fruity, green grass
benzaldehyde 1925 almond, sweet, spicy
(Z)-3-hexenyl acetate 1.000 green, grass
hexyl acetate 0.002 sweet, fruity
(E)-2-hexenyl acetate 1.190 green, fresh, fruity, green, leafy, sweet, waxy
y-hexalactone 1.600 sweet, creamy
linalool 0.006 fresh floral, herbal, rosewood, petitgrain
nonanal 0.002 waxy, citrus, floral, green
decanal 0.001 citrus, orange
y-decalactone 0.011 fruity, creamy, peach-like
S-octalactone 0.400 creamy, fruity, coconut like
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Table 4. Flavor intensity data(% /odor threshold) produced by the 13 key volatile compounds of two peach accessions (Oro Aand Bolero) and four their
offspring (A, B, C, and D) at unripe and ripe stages (U and R). Texture classification is specified as melting flesh (MF) or non-melting flesh (NMF)

ORO A (NMF) | BOLERO (MF) A (NMF) B (MF) C (MF) D (NMF)
Key Volatile U R U R U R U R U R U R
Compound
(E)-2-hexenal | 26753 | 2662 | 53890 | 1797.1 | 4809.8 | 11415 | 44944 | 19454 | 41919 | 21030 |27236| 2588
(Z)-3-hexen-l-ol | 1127 | 2346 | 492 | 2742 | 721 | 2502 | 861 | 2740 84.6 1140 | 1257 | 2592
(BE)}-2-hexen-l-ol | 2716 | 4272 | 260 | 1507 | 442 | 1865 | 912 | 1706 70.6 1574 | 2311 | 3167
benzaldehyde 07 05 0.1 02 0.1 02 0.1 0.1 0.1 0.1 tr. 02
(Z)3-hexenyl 48 15.8 05 20.2 52 16.4 47 13.8 86 243 | 117 | 245
acetate
hexylacetate | 35549 | 40717 | 2642 | 41129 | 625.1 | 48905 | 8183 | 34400 | 14707 | 40262 |2394.7 | 42383
(Ey2-hexenyl 48 64 03 30 1.1 10.9 12 58 16 38 41 80
acetate
v-hexalactone 0.1 1.1 tr. 02 tr. 1.1 tr. 0.1 0.1 02 0.1 04
linalool tr. tr. tr. 1140 8.5 143.1 185 | 1085 1272 1146 | 17 39
nonanal 770 | 2177 | 1946 | 1229 | 1702 | 1713 | 830 | 1696 2802 83.0 | 385 | 2473
decanal 76.7 | 2059 | 3878 | 3728 | 1830 | 2046 | 961 | 1913 3550 | 2998 | 505 | 2815
y-decalactone 1.9 | 1028 tr. 112.1 62 1377 | 170 | 1143 18.5 1390 | 108 | 1073
S-octalactone 0.1 0.5 tr. 04 tr. 0.7 tr. 04 0.1 1.1 0.1 0.6
Total Flavor 4115 | 5284 923 5283 1116 | 6013 1216 | 4489 2417 4964 | 2869 | 5488
Intensity (S 2-13)
A (R-U) 1169 4360 4897 3273 2547 2619

tr.= traces < 0.1

The lactones, in particular y-decalactone, represent the
most fruity, creamy, and peach-like volatile compounds and
show a general increase from “U” to “R”, confirming the
increase of fruity and creamy characteristic notes in
correspondence to the ripe stage. The highest levels are
reached by the lactones in samples A and C, but the levels
corresponding to the other samples are not very lower.

4. Conclusions

The results derived from the present study offer a useful
opportunity to verify that HS-SPME technique coupled to
the evaluation of the “flavor activity” allows a more realistic
identification of flavors affecting sensorial characteristics
during the ripening process of peach fruit.

In effect, the data of per cent composition reported in
Table 1 are not representative of flavor impact if not
elaborated to obtain data of Table 4, which permits to
attribute a more evident influence to some key compounds.

The study of the possible likeness between accessions and
their offspring, as far as the flavor impact is concerned, can
be conducted evidently with more reference to reality if the
solid phase extraction is adopted, which does not induce
modifications of volatile compounds due to temperature or
solvent effects. According to another Author[25], the study
ofvolatile compounds is more correct and better corresponds

to a sensorial quality evaluation if the techniques and results
are focused on the identification of compounds with higher
contributions to the aroma.

As also affirmed by Grosch[25], less than 5% of the
volatiles identified in foods contribute to aroma: therefore
the Authors suggest to adopt the criterion of choice of key
compounds and flavor intensity calculation to produce data
betterable to be employed for quality comparison effectively
related to customer acceptance.

When considering not just the absolute content of volatiles,
but the ratio of analytical response to the odor threshold (i.e.
flavor intensity values), the HS-SPME technique permits an
easy characterization of the volatile compound composition
with a better connection to the olfactory perception.

The paper shows an example of important applications to
compare two peach accessions and their offspring.
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