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Abstract

The volatile compounds of peaches (Prunus persica L.) obtained from five cultivars (Chongyanghong, Y1; Ruiguang 19,
Y?2; Zaohongxia, Y3; Zaohong 2, Y4; and Wuyuehuo, Y5) were analyzed by gas chromatography—olfactometry (GC-0), gas
chromatography—mass spectrometry (GC-MS) and GC—flame photometric detection (FPD). A total of 40 odor-active volatile
compounds were observed in the GC-O experiments. Amongst those compounds, hexanal, (Z)-3-hexen-1-ol, (E)-2-hexenal,
3-mercaptohexanol, nonanal, y-nonalactone, and y-decalactone contributed greatly to aroma of peach. In addition, thirty-four
quantified compounds were demonstrated as important odorants according to odor activity values (OAVs> 1). Amongst these
compounds, hexanal (OAV: 28-89), pentanal (OAV: 9-16), (E)-2-heptenal (OAV: 19-60), (E)-2-hexenal (OAV: 26-86),
(E)-2-octenal (OAV: 1042), (E)-2-nonenal (OAV: 8§-94), y-decalactone (OAV: 13-34), 5-decalactone (OAV: 2-19), (R)-(—)-
linalool (OAV: 29-76) and phenyl acetaldehyde (OAV: 4-59) were the most powerful compounds in five varieties of peach.

Keywords Peaches - Aroma-active compounds - GC-O - OAV

Introduction

The peach (Prunus persica L.), is rich in proteases, sugars
and other organic compounds in addition to other trace ele-
ments and 17 amino acids which are required by human
body [1]. The unique aroma of peach is derived from hun-
dreds of volatile compounds that develop during the matu-
rity and ripening stages. These volatile compounds mainly
consist of alcohols, esters, lactones, aldehydes, ketones and
terpenoids [2-4]. However, not all of the volatile compounds
are responsible for the overall aroma of peach. The olfactory
impact of these compounds depends on whether their con-
centrations are greater than their odor perception threshold
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values, which has led to the use of an odor activity value
(OAV) to identify impact odorants [5-7].

Although the majority of aroma volatiles in fruits are
esters, aldehydes, and terpenoid hydrocarbons, small quan-
tities of other specific volatile sulfur compounds contribute
to the aromas associated with various different foods and
often define the characteristic flavor of the food. For exam-
ple, 1-p-menthene-8-thiol and 4-mercapto-4-methyl-2-pen-
tanone are character impact compounds found in grapefruit
[8]. Also, 4-mercapto-4-methyl-2-pentanone, 3-(mercapto)
hexyl acetate and 3-mercapto-1-hexanol are important in
blackcurrant aroma [9], and methyl ethyl disulfide and die-
thyl disulfide in the aroma of durian [10]. Sulfur-containing
amino acids, such as cysteine, cystine, and methionine, are
the major precursors for the formation of the sulfur-contain-
ing compounds [11].

Intensive investigations have focused on the evolution
of peach and nectarine aromas during the processes of
ripening and maturation [4, 12—-14]. Several studies have
also investigated the effect of culture techniques and
management on the composition and content of volatiles.
Volatiles may be modified by bagging [15], sun light [16],
and post-harvest treatments [17]. Other studies have also
investigated the aroma compounds from different cultivars
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[2, 18, 19]. However, an investigation of the key aroma,
sulfur compounds and sensory profile in peach has not yet
been reported. The aims of the current study were (1) to
identify the key aroma compounds in peach samples by
GC-0 and OAY, (2) to identify volatile sulfurs in peach
samples using flame photometric detection (FPD), and (3)
to characterize the aroma profile of peach samples by sen-
sory evaluation.

Materials and method
Standard compounds

Acetaldehyde, ethyl acetate, 2-methylbutanal, pentanal,
ethyl butanoate, 1-penten-3-one, butyl acetate, hexa-
nal, 3-methylbutyl acetate, f-myrcene, 1-penten-3-ol,
limonene, heptanal, 2-pentylfuran, ethyl 2-butenoate,
(E)-2-hexenal, cis-ocimene, pentanol, hexyl acetate, ter-
pinolene, octanal, cis-3-hexenyl acetate, (Z)-2-penten-
1-ol, (E)-2-heptenal, 6-methyl-5-hepten-2-one, hexanol,
(Z)-3-hexen-1-ol, nonanal, (E,E)-2,4-hexadienal, (E)-
2-octenal, 1-octen-3-ol, heptanol, (E,E)-2,4-heptadienal,
furfural, 2-ethyl-1-hexanol, decanal, benzaldehyde, (E)-
2-nonenal, linalyl acetate, octanol, a-cedrene, -copaene,
(E)-2-decenal, nonanol, phenyl acetaldehyde, acetophe-
none, a-terpineol, a-citronellol, y-hexalactone, cis-linal-
ool oxide, decanol, geranylacetone, benzyl alcohol, phe-
nylethyl alcohol, B-ionone, y-nonalactone, y-decalactone,
d-decalactone, methanethiol, ethanethiol, propanethiol,
2-methylthiophene were purchased from Alfa Aesar
Corporation (Tianjin, China). (R)-(—)-Linalool, 3-meth-
ylthiophene, thiazole, 2-isopropyl-4-methylthiazole,
4-mercapto-4-methyl-2-pentanone, 3-mercaptohexanol,
8-mercaptomenthone, 3-methyl-2-butene-1-thiol and a
homologous series of alkanes (C6-C30) were purchased
from Sigma-Aldrich (St. Louis, MO). All of the chemical
standards used above were of GC quality.

Materials

The volatile compounds of five peach cultivars (Prunus
persica L.) were studied: ‘Chongyanghong’ (Y1, Hebei
province), ‘Ruiguang 19’ (Y2, Beijing), ‘Zaohongxia’ (Y3,
Liao’ning province), ‘Zaohong 2’ (Y4, He’nan province)
and ‘Wuyuehuo’ (Y5, Shangdong province). The samples
were supplied by Shanghai Bairun Flavour & Fragrance Co.,
Ltd. 1 kg of peaches was crushed and manually deseeded to
acquire the peach musts. All musts were kept in a refrigera-
tor (4 °C) until analyzed.
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Solid-phase microextraction (SPME)-absorption
of aroma compounds

One 75-um carboxen—polydimethyl siloxane (CAR—PDMS)
fiber was preconditioned on gas chromatograph for 30 min
before it was used. The injector temperature of gas chroma-
tograph was set at 250 °C. Because the volatile compounds
in musts were sensitive to high temperature, the extraction
temperature was set at 30 °C. The other optimized SPME
experimental conditions were investigated, i.e., 30 min of
extraction time and a sample volume of 6 g. The fiber was
directly introduced into the GC injector for desorption for
4 min.

Calibration of standard curves

According to our previous research [20], model solution
was prepared containing 20 mg/g sucrose, 10 mg/g glu-
cose, 10 mg/g fructose, 3 mg/g citric acid, 1 mg/g (-)-quinic
acid in Milli-Q deionized water [21, 22]. A standard stock
solution containing 4 mg/kg of methanethiol, 2 mg/kg of
ethanethiol, 2 mg/kg of propanethiol, 2 mg/kg of 2-methyl-
thiophene, 2 mg/kg 3-methylthiophene, 2 mg/kg of thiazole,
0.2 mg/kg of 2-isopropyl-4-methylthiazole, 0.02 mg/kg of
4-mercapto-4-methyl-2-pentanone, 1 mg/kg of 3-mercap-
tohexanol, 0.2 mg/kg of 8-mercaptomenthone and 1 mg/kg
of 3-methyl-2-butene- 1-thiol in Milli-Q deionized water.

The standard solution was diluted with water according
to the proportion of 1:5, 1:10, 1:20, 1:30, 1:40 and 1:50,
respectively. 0.01 mL of those diluted solutions containing
sulfur compounds and 0.01 mL of the internal standard solu-
tion with 0.2 mg/kg of dipropyl disulfide were mixed with
model solution. Then the volatile compounds in solution
were absorbed by fiber, which was employed in the peach
must. The calibration curves were employed to calculate the
concentrations of volatile compounds in peach musts. Simi-
larly, 0.01 mL of each of the diluted solutions prepared by
other non-sulfur compounds with 0.01 g internal standard
solutions containing 5 mg/kg of 2-octanol was introduced
into the model solution. Then, the calibration curves for
non-sulfur compounds were established. The experiment
conducted was repeated thrice.

GC-olfactometry analysis

The GC separation consisted of an Agilent 7890A chroma-
tograph equipped with a flame ionization detector (FID) and
an ODP-2 Olfactory Detector Port (Gerstel, Mulheim an
der Ruhr, Germany). This system allowed us to simultane-
ously obtain a FID signal for the quantification and the odor
characteristics of each compound detected by sniffing port.
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GC effluent was split 1:1 among the FID and sniffing port.
Samples were separated on the HP-Innowax analytical fused
silica capillary column (60 m X 0.25 mm X 0.25 um, Agilent,
Santa Clara, CA) and HP-5 analytical fused silica capillary
column (60 mx0.25 mm X 0.25 um, Agilent, Santa Clara,
CA). Conditions for GC-O analysis were as follows: the flow
rate of carrier gas (hydrogen) was 2 mL/min; the oven tem-
perature was first increased from 40 °C (6 min), ramped at
3 °C/min to 100 °C, and then ramped at 5 °C/min to 230 °C
(20 min); the injector and FID detector temperatures were
set at 250 and 280 °C, respectively. Moist air was pumped
into the sniffing port at 50 mL/min to quickly remove the
odorant eluted from the sniffing port. The aroma intensity
(AI) was evaluated according to the previous paper [20].

GC-MS identification of aroma compounds

A 7890 gas chromatograph with a 5975C mass selective
detector (MSD) (Agilent Technologies, USA) was employed.
Two dissimilar columns, HP-Innowax analytical fused silica
capillary column (60 m X 0.25 mm X 0.25 um, Agilent, Santa
Clara, CA) and HP-5 analytical fused silica capillary column
(60 mx0.25 mm x0.25 um, Agilent, Santa Clara, CA), were
used for analyzing the volatile compounds. The injection
port was set in a splitless mode for 3 min at 250 °C. The
carrier gas was helium that was set at a constant flow rate of
1 ml/min. The MSD was used for chemical identification. Its
electron impact energy was 70 eV. The ion source tempera-
ture was set at 230 °C. The quadrupole mass filter was oper-
ated at 150 °C. The transfer line temperature was at 250 °C.
The chromatograms were recorded by monitoring the total
ion currents in 30-450 m/z. The oven temperature was held
at 40 °C for 6 min, then ramped to 100 °C at the rate of
3 °C/ min and ramped at the rate of 5 °C/min to 230 °C for
the last 20 min. The volatile compounds were determined
by comparing retention indices, retention times of stand-
ard compounds and Wiley7n.l Database (Hewlett—Pack-
ard, Palo Alto, CA). The Rls of unknown compounds were
determined via sample injection with a homologous series
of alkanes (C4—C5) (Sigma-Aldrich, St. Louis, MO).

Gas chromatography-FPD

The Agilent-7890A GC equipped with a flame photometric
detection (FPD) was used in the sulfur mode. Two differ-
ent phases of columns were employed to separate the vola-
tile compounds. The types of columns were HP-Innowax
(60 mx0.25 mm i.d. X 0.25 pm film thickness, Agilent Tech-
nologies, USA) and HP-5 (60 m X 0.25 mm i.d. X 0.25 um
film thickness, Agilent Technologies, USA). The oven tem-
perature was held at 40 °C for 6 min, then ramped to 100 °C
at the rate of 3 °C/ min and ramped at the rate of 5 °C/min to
230 °C for the last 20 min. The temperature of FPD detector

was set at 250 °C. PMT voltage was set at 500 V. The sulfur
compounds were identified with retention times of stand-
ard compounds and RIs on both columns. The method of
GC-MS analysis was referred for the quantification of sulfur
compounds.

Odor activity values (OAV)

The OAV of a compound was calculated by dividing the cal-
culated concentrations with the literature sensory thresholds,
which was obtained from the literature.

Sensory analysis

The peaches were evaluated by a well-trained panel of ten
members (five males and five females). Before the quantita-
tive descriptive analysis, 10 g peaches was placed in a 100-
ml plastic cup covered with Teflon and was subjected to a
panelist in laboratory without peculiar smell at 25 °C. Then,
the panelists had profoundly discussed aroma compositions
of the peaches through three preliminary sessions (each for
2 h), until all of them had agreed with the degree of aro-
matic flavor. Subsequently, the organoleptic characteristic
descriptors were quantified using six sensory descriptors
(“alcohol”, “fruity”, “floral”, “green and grassy”, “sweet”,
and “harmony”) to evaluate aroma defects and positive fea-
tures. The complete blocks were estimated for each sample
in triplicate for each treatment at random. The mean value
of each sample was presented by the triplicate mean score
based on ten-point scales.

Statistical analysis

The quantitative descriptive sensory analysis was submit-
ted to analysis of variance (ANOVA). Duncan’s multiple
comparison tests and Pearson’s correlation coefficients were
calculated using XLSTAT ver.7.5 (Addinsoft, New York,
NY, USA).

Results and discussion
GC-O results for peach samples

By application of GC-O, the aroma compounds detected in
the peach samples are summarized in Table 1. The aroma
compounds were confirmed in comparison with their Rls,
odor characteristics and mass spectra obtained from standard
compounds. A total of 40 odor-active volatile compounds
were observed in the GC-O experiments. There were four
unidentified volatile compounds perceived in five of the
peach samples.

@ Springer
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Table 1 (continued)

Aroma intensity

Aroma description

Identification basis®

RIB

Compound?

No.

a
n

Y5

SD

Y4

SD

Y3

SD

Y2

SD

Y1

HP-5

Innowax

0.0
0.1

02 12 0.1

23

0.2

1.5
1.2
1.7
2.9a
3.2a
2.9a

Sulfur, passion fruit

AD, RI, Std
AD

1370
1379
1493
1366
1472
1469

1880
1906
1912
2042
2103
2208

8-Mercaptomenthone

35

1.1

0.1

1.3
1.8
2.5b
2.1b
2.2a

0.2

Smoky, wood

Unknown 4

36

0.2

1.9

2.4b
2.8a
2.5a

0.4
0.3

3.7
2.4b

0.2

0.2

Violet, flower, raspberry

AD, RI, Std

p-Ionone

0.3

2.6b
2.9a
2.8a

0.2

0.3

AD, RI, Std Sweet, coconut, peach 0.3

v-Nonalactone

38
39
40

0.2 0.3

0.2
0.2

2.5ab
2.5a

0.2

0.3

Sweet, coconut

AD, RI, Std

v-Decalactone

0.3

0.3

0.2

0.2

Sweet, coconut

AD, RI, Std

d-Decalactone

AVolatile compounds detected in the peach samples

BRetention index of compounds on HP-5 and Innowax column

CMethod of identification: RI retention index, Std confirmed by authentic standards, AD aroma descriptor

DValues with different superscript roman letters (a—e) in the same row are significantly different according to the Duncan test (p < 0.05)

ENot perceived

FThe aroma intensity was evaluated by GC-O

As presented in Table 1, the Y3 sample had the most
aroma-active compounds amongst the other peach sam-
ples. Of those compounds, hexanal (Al: 2.8-4.5), (Z)-
3-hexen-1-ol (Al: 1.6-3.2), (E)-2-hexenal (Al: 2.1-3.9),
3-mercaptohexanol (Al: 2.3-2.9), nonanal (Al: 1.1-3.6),
y-nonalactone (Al: 2.4-2.9), y-decalactone (Al: 2.1-3.2),
d-decalactone (Al: 2.2-2.9), B-ionone (Al: 1.7-3.7) and
4-mercapto-4-methyl-2-pentanone (Al: 2.5-3.2) were the
most powerful aroma-active compounds contributing to the
aroma profile of the peach samples, indicating that these
compounds are the major contributors of the characteris-
tic aroma which is common to the cultivars investigated.
Similar findings also show that C, compounds, alcohols,
aldehydes and lactones are the major contributors to peach
aroma [2]. These C,; compounds (hexanal, (Z)-3-hexen-1-ol,
(E)-2-hexenal) are known products of enzyme-catalyzed
breakdown of unsaturated fatty acids. Lactones, particularly
y-decalactone and d-decalactone, are described as ‘““character
impact” compounds in peach aroma, which contributed to
the “peachy” background to peach [2].

However, GC-O could not clearly provide information on
the potent odorants in the sample as it was measured based
on aroma intensity or the odor threshold of the compounds
in air. Moreover, loss of the volatile compounds during the
isolation and concentration steps was not fully taken into
account [23]. Accurate quantification is normally performed
to characterize the important aroma compounds through the
OAV using the odor threshold of compounds [24, 25].

Quantitative analysis of sulfur volatiles in peach
samples

As shown in Table 2, eleven sulfur volatile compounds were
detected in this investigation. These were identified based on
their retention index in two dissimilar columns compared
with standard chemicals and a sulfur-specific FPD response
indicates that the detected peaks contained sulfur. On the
basis of their chemical structure, these compounds mainly
included thiol, thiazole and thiophene. Quantitatively meth-
anethiol, ethanethiol, propanethiol, 3-methylthiophene and
2-methylthiophene showed relatively high amounts com-
pared to other sulfur compounds. It is worth noting that
3-mercaptohexanol (3MH), 8-mercaptomenthone, 2-isopro-
pyl-4-methylthiazole and 4-mercapto-4-methyl-2-pentanone
(4MMP) were present in trace amounts in these samples.
However, the contribution of each volatile compound to
the overall fruit aroma was determined from their aroma
intensity and odor activity values. 4-Mercapto-4-methyl-
2-pentanone and 3-mercaptohexanol could contribute to the
characteristics of passion fruit, broom, black current and cit-
rus, passion fruit, grapefruit, respectively [26]. These were
found in peach samples for the first time. According to the
previous studies conducted in grapes, 4AMMP and 3MH were

@ Springer
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0.022

0.194b
0.326a

tr

0.043

0.456a
0.117b

tr

0.042  0.442a 0.052

0.475a
0.133b
0.172
0.165b
0.326b
0.232

0.029

0.292ab®
0.342a
0.352

FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std
FPD, RI, Std

500
508
616
778
778
735
1022

700

722

863
1107
1120
1240
1350
1368
1875
1880
1903

Methanethiol
Ethanethiol

0.013 0.041

0.026

0.243ab
0.132
0.216a
0.422a
0.313

0.015

0.032

2
3
4
5
6
7
8
9

0.018 0.012

0.042

Propanethiol

0.009

0.074c
0.344b
0.145
0.007
tr

tr

0.016

0.146b
0.024¢
0.172

tr
tr

0.027
0.05

0.017

0.027

0.234a
0.384b

tr€

2-Methylthiophene

0.041

0.002

0.038

0.036

3-Methylthiophene

Thiazole

0.013

0.018

0.029

0.022

0.001

0.001
0

0.004  0.012
0

0.033

0.003
0

0.023

2-Isopropyl-4-methylthiazole

0.001
tr

0.003

0.006

953
1127
1370

4-Mercapto-4-methyl-2-pentanone

0.005

0.07

tr

0.02

0.206
0.014

0.01

0

0.105
0.006

tr

3-Mercaptohexanol

tr

0.003 0

0.001

8-Mercaptomenthone

10

11

0.006  0.082 0.01 0.125 0.011  0.238 0.027

0.052

964

3-Methyl-2-butene-1-thiol

ASD standard deviation

BValues with different superscript roman letters (a—e) in the same row are significantly different according to the Duncan test (p <0.05)

C4r not detected

released from precursors of which the cysteinylated [S-3-
(hexan-1-ol)-L-cysteine (Cys-3MH) and S-4-(4-methylpen-
tan-2-one)-L-cysteine (Cys-4MMP)] and glutathionylated
[S-3-(hexan-1-ol)-glutathione (Glut-3MH) and S-4-(4-meth-
ylpentan-2-one)-glutathione (Glut-4MMP)] precursors have
been identified. From Table 2, the amounts of 4 MMP and 3
MH varied significantly in each of the samples. The differ-
ent concentrations of these compounds detected between the
samples may be attributed to the variety and geographical
variations, such as climatic conditions, terrain, water avail-
ability and other environmental factors [27, 28]. It is also
worth noting that 4AMMP and 3MH may contribute greatly
to aroma of peach samples due to their extremely low thresh-
olds of 0.8 and 60 ng/kg, respectively [26]. These data agree
with that from a previous study which demonstrated these
compounds contribute significantly to the aroma profiles of
grape wine [9, 26]. 2-Isopropyl-4-methylthiazole, named
peach thiazole in the flavor field, is considered a peach and
tropical aroma [29]. Concentrations were almost five times
as high in the Y2 sample (0.033 pg/kg) compared to the Y5
sample (0.007 pg/kg). It is well known that the concentra-
tion of the aroma compounds may not actually reflect the
influence on their contribution to the aroma profile in the
samples.

Quantitative analysis of volatile compounds

The concentrations and odor activity values (OAVs) of
the volatile compounds obtained by GC-MS are dis-
played in Tables 3 and 4. The major volatile compounds
of peach samples were hexanol (2442.54-17991.25 ug/
kg), (E)-2-hexenal (2169.55-7077.94 pg/kg), (Z)-
3-hexen-1-o0l (588.14-1845.51 pg/kg), benzaldehyde
(1187.78-10803.38 ug/kg), hexanal (632.04-2005.42 ug/
kg). In contrast, (E)-2-octenal (30.39-127.05 pg/kg), (E)-
2-nonenal (3.25-37.47 ug/kg), octanal (1.11-25.93 pg/kg)
and phenyl acetaldehyde (16.11-236.42 pg/kg) were present
at relatively low amounts in each of the samples.

The contributions of compounds to the aroma of sam-
ples depended not only on the amounts of the compound
but also the odor detection threshold values of compounds.
According to the results obtained by Guth, those with
OAVs greater than 1 were considered to contribute to the
aroma of the samples [30]. Table 4 shows the contributions
of the different compounds to the aroma of five samples
(OAVs > 1), which indicated that twenty-six, twenty-six,
thirty-four, twenty-seven and twenty-nine quantified com-
pounds could be found in the samples at concentrations
higher than their corresponding odor thresholds, respec-
tively. These compounds might, therefore, contribute to
the peach aroma. Amongst these compounds, ten are the
most powerful compounds in five varieties of peach: hexa-
nal (OAV: 28-89), pentanal (OAV: 9-16), (E)-2-heptenal
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Table 4 The OAVs Of volatile No. Compounds OAV Thresholds  References

compounds detected in peach (ng/kg)

samples Y1 Y2 Y3 Y4 Y5
1 Acetaldehyde <1 <1 <1 <1 <1 10 C
2 Ethyl acetate <1 <1 <1 <1 <1 6200 C
3 2-Methylbutanal A 6 12 8 10 1 C
4 Pentanal 9 8 11 16 13 60 C
5 1-Penten-3-one <1 <1 1 2 - 23 C
6 Ethyl butanoate 6 6 10 12 9 1 D
7 Butyl acetate 5 4 8 8 7 58 C
8 Hexanal 33 28 38 47 89 22.5 C
9 3-Methylbutyl acetate 2 2 4 4 5 2 C
10 (Z)-2-Penten-1-ol - <1 1 <1 <1 720 D
11 B-Myrcene <1 <1 1 1 - 100 D
12 1-Penten-3-ol <1 <1 <1 <1 <1 400 C
13 Heptanal <1 <1 <1 <1 <1 550 C
14 Limonene <1 <1 1 1 <1 200 D
15 (E)-2-Hexenal 28 26 39 68 86 82 C
16 Ethyl 2-butenoate - - - - - NEB
17 2-Pentyl furan 5 5 8 10 16 59 C
18 Cis-ocimene <1 <1 <1 <1 <1 34 D
19 Pentanol <1 <1 <1 <1 <1 5000 C
20 (E,E)-2,4-Hexadienal 6 8 18 14 67 60 D
21 Terpinolene <1 <1 <1 <1 <1 41 D
22 Hexyl acetate 1 1 2 4 6 115 D
23 Heptanol <1 <1 5 <1 1 400 D
24 Octanal 2 5 27 15 37 0.7 C
25 Cis-3-hexenyl acetate - - - - NF
26 (E)-2-Heptenal 23 19 33 43 60 13 C
27 6-Methyl-5-hepten-2-one <1 <1 <1 <1 <1 50 C
28 Hexanol 6 4 6 10 36 500 C
29 Nonanal 8 7 13 19 5 40 C
30 Octanol 3 2 8 5 10 110 C
31 (Z)-3-Hexen-1-ol 8 9 19 16 26 70 C
32 1-Octen-3-ol 5 - 12 - 28 1.5 C
33 (E,E)-2,4-Heptadienal 3 5 16 6 18 56 C
34 (E)-2-Octenal 10 12 29 16 42 3 C
35 Cis-linalool oxide <1 <1 <1 <1 <1 100 D
36 Furfural <1 <1 <1 <1 <1 282 C
37 Decanal <1 <1 2 5 16 30 D
38 2-Ethyl-1-hexanol <1 <1 <1 <1 <1 1280 C
39 Benzaldehyde 4 4 9 12 34 320 D
40 Nonanol <1 <1 1 <1 1 1000 D
41 (E)-2-Nonenal 8 57 18 94 74 0.4 D
42 (R)-(—)-Linalool 29 40 68 48 76 10 C
43 a-Cedrene - - - - - NF
44 Linalyl acetate <1 <1 1 <1 1 1000 D
45 p-Copaene - - - - - NF
46 (E)-2-Decenal 2 2 17 2 5 17 D
47 Phenyl acetaldehyde 4 12 59 7 41 4 C
48 Acetophenone - 2 3 <1 - 65 D
49 a-Terpineol - - <1 - - 5000 D

@ Springer
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Table 4 (continued)

No. Compounds OAV Thresholds  References
YT vz v3  va ys ek
50 y-Hexalactone 28 17 - 13 - 50 D
51 a-Citronellol <1 <1 <1 <1 <1 400 D
52 Decanol <1 <1 <1 1 1 700 D
53 Geranylacetone <1 <1 <1 <1 <1 186 D
54 Benzyl alcohol <1 <1 2 <1 <1 100 C
55 f-Ionone 32 101 172 47 - 7 C
56 Phenylethyl alcohol <1 <1 <1 <1 <1 60 C
57 y-Nonalactone 25 22 9 2 10 25 D
58 y-Decalactone 34 30 13 13 17 47 D
59 8-Decalactone 19 13 14 2 18 100 D

AThe OAV was not calculated in sample

BThe detection threshold was not found in reference

CZhu J, Chen F, Wang L, Niu Y, Yu D, Shu C, Chen H, Wang H, Xiao Z (2015) Comparison of aroma-
active volatiles in oolong tea infusions using GC-olfactometry, GC-FPD, and GC-MS. J Agric Food

Chem 63(34):7499-7510

DVan Gemert LJ (2003) Compilations of odour threshold values in air, water and other media. Van Setten

Kwadraat, Houten

(OAV: 19-60), (E)-2-hexenal (OAV: 26-86), (E)-2-octenal
(OAV: 10-42), (E)-2-nonenal (OAV: 8-94), y-decalactone
(OAV: 13-34), &-decalactone (OAV: 2-19), (R)-(-)-
linalool (OAV: 29-76) and phenyl acetaldehyde (OAV:
4-59). Interestingly, they were mainly aldehyde com-
pounds. These results were consistent with the findings
that the odor threshold values of aldehyde compounds
are generally lower than the concentrations of these com-
pounds [20].

For the Y5 sample, the OAVs of the hexanal, (E)-2-hep-
tenal, (E)-2-hexenal and (E)-2-octenal from the Shang-
dong region are significantly higher than the other regional
peaches. These compounds can exert a strong influence on
peach aroma. Concerning theY4 sample, the OAVs of pen-
tanal and (E)-2-octenal from the Henan region are the high-
est amongst the five regional peaches. These compounds
are responsible for the green, fresh, citrusy, and fatty notes.
The results are consistent with previous investigations which
show aldehydes with six to ten carbons are perceived as
having green, fatty, or tallow aromas [20]. Although most
aldehydes can contribute to special and characteristic green,
fatty, or tallow aromas at low levels, they also lead to ran-
cid, painty or other unpleasant favors when present at high
levels due to their low threshold. For example, hexanal has
a low detectable odor threshold of 4.5 pg/kg [31]. At low
concentrations, it contributes to the desirable green, fresh
and fatty notes of aroma but presents “oxidized” off-flavors
when concentrations accumulate above a critical level. The
content of most aldehydes should be controlled within a suit-
able range which was further confirmed by the findings of
sensory evaluation [31].

@ Springer

Two important terpenoid compounds, pf-ionone and
(R)-(—)-linalool, were detected in the study. (R)-(—)-
Linalool, with lilac, lavender sensory properties, has a low
threshold value of 10 pg/kg. The highest OAV of this volatile
was obtained in sample Y5 (76), and lowest one in sample
Y1 (29). p-Ionone, which may be considered a floral aroma,
exhibited the highest OAV (172) in Y3 and was absent in the
Y5 sample. These compounds could significantly contribute
to the overall aroma of the peach samples and agree with the
analysis of GC-O in the study.

Lactone compounds such as fy-hexalactone,
y-nonalactone, y-decalactone and 5-decalactone were also
identified in this study, which were compounds that contrib-
uted to the characteristic fruity and sweet odors of the peach
samples. As summarized in Table 3, sample Y1 exhibited
higher amounts of these compounds and OAVs than those in
other peach samples. Based on the OAV, the most powerful
aroma-active lactone compound was y-hexalactone in sam-
ple Y1. This compound was considered as the key odorant
in sample Y1. According to previous investigations, lactones
have been reported as character impact compounds in peach
aroma which contributed to the background of peaches. The
study also presented flavors specific to peach aroma that are
associated with C4 aldehydes, Cg alcohols and terpenoids
[4, 19].

Sensory analysis
Sensory analysis was performed by evaluating the organo-

leptic quality of five kinds of peach samples using six
descriptors that included “alcohol”, “fruity”, “floral”,
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“green” and “grassy”, “sweet” and “harmony”. ANOVA was
employed to distinguish statistical differences between peach
samples through sensory evaluation scores (data not shown).
The statistical analysis demonstrated that samples showed
dramatic differences in each of the descriptors (p < 0.05)
(Fig. 1). These noticeable differences suggested each of the
samples had significantly different flavor intensities. The
panelists were also a significant influencing factor on all
descriptors. This phenomenon was not unusual in character-
istic descriptive analysis and indicated that panelists applied
different levels of qualitative scoring because of physiologi-
cal diversities in the perceived intensity or differences in
personal preference, such as central or extreme raters [20].

Y1 and Y5 samples were accompanied by “alcohol”,
“ereen” and “grassy” descriptors more frequently than the
other samples. The major compounds involved in these
descriptors include hexanol, (Z)-3-hexen-1-ol, hexanal,
pentanal, (E)-2-heptenal, (E)-2-hexenal, (E)-2-octenal and
(E)-2-nonenal, as described by panelists of GC-O. The
result was in agreement with previous investigations that
showed aldehydes and alcohols are generally associated with
“green”, “fresh grass”, “green plants” and “citrusy notes”.
Y3 sample was rated with the highest value of the fruity
descriptor, whilst Y1 indicated the lowest sensorial score.
It is common knowledge that the “fruity” descriptor is the
predominant and most fundamental part of the global fla-
vor of peach. Therefore, this descriptor was an important
symbol in measuring the quality of peach aroma. Accord-
ing to previous studies, the “fruity” descriptor was mainly
associated with ester compounds [20]. In this study, ethyl
butanoate, butyl acetate, 3-methylbutyl acetate and hexyl
acetate presented relatively high OAVs in the samples.

Alcohol*
- loco o
...... e 3
Y4
—*—Y5
Harmony* Fruity*

Sweet* Floral*

Green and grassy*

Fig.1 Aroma profiles of peach samples obtained from Y1, Y2, Y3,
Y4 and Y5 samples. In sensorial parameters indicated with an (*) a
difference among some trials is verified for p <0.05

These compounds might contribute to the “fruity” descrip-
tor. “Floral” was also an important aroma descriptor which
had its highest aroma score in sample Y3 and the lowest
score in sample Y 1. It was mainly composed of terpenoids,
such as fB-ionone and (R)-(—)-linalool. The Y2 sample was
accompanied by the “sweet” descriptor more than any of
the other samples. This phenomenon indicated that the
Y2 sample yielded the highest amount of compounds and
was able to influence a “sweet” aroma in its corresponding
peach. The major aroma-active compounds in the “sweet”
category mainly included lactones, such as y-hexalactone,
y-nonalactone, y-decalactone and &-decalactone, as
described by panelists of GC-O. The highest score under the
“harmony” descriptor was found in the Y1 sample, whereas
the lowest score was found in sample Y5. Notably, by com-
paring the sensory analysis of the “harmony” and “green
and grassy” descriptors, these two descriptors showed the
complete opposite when scored by the judges. Undoubtedly,
aldehyde compounds played important roles in the overall
aroma of peaches. It is also noted that these compounds were
positively correlated with the aroma quality of the samples
in suitable amounts. Otherwise, these compounds were per-
ceived as offensive and conferred a negative sensory contri-
bution to the aroma of samples [31].

Correlations between sensory descriptors
and volatile compounds

An overview of the Pearson correlation analysis conducted
between the sensory descriptors and the volatile compounds
is shown in Table 5 (shown in the Supporting material).
Strong positive correlations were observed in our study
between “alcohol” and “green and grassy” (r=0.945), and
between “fruity” and “floral” (r=0.980). Moderately posi-
tive correlations were observed between “floral” and “green
and grassy” (r=0.498), “fruity” and “green and grassy”
(r=0.590). A significantly strong relationship between
“alcohol” and “green and grassy” may be explained by the
fact that most of the volatile compounds were common in
those two descriptors, such as hexanol, (Z)-3-hexen-1-ol,
hexanal, pentanal, (E)-2-heptenal, (E)-2-hexenal, (E)-
2-octenal and (E)-2-nonenal. The strong negative correla-
tions were reported in this study between “alcohol” and
“harmony” (r=—0.904), “green and grassy” and “harmony”
(r=-0.926), whilst the “sweet” descriptor showed a mod-
erate negative correlation with “alcohol” (r=—0.497) and
with “green and grassy” (r=-0.576).

Regarding the volatile compounds, the groups of high cor-
relation were found. From Table 5, a large number of saturated
and unsaturated Cs, C4 and C, aldehydes and alcohols were
strongly correlated with each other. For example, strong corre-
lations were also observed between hexanal and (E)-2-hexenal
(r=0.914), (E)-2-heptenal (r=0.946), hexanol (r=0.990), and
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(Z)-3-hexen-1-ol (r=0.893); between (E)-2-hexenal and (E)-
2-heptenal (r=0.986), (E)-2-octenal (r=0.872), (E)-2-none-
nal (r=0.816); between (Z)-3-hexen-1-ol and (E)-2-hexenal
(r=0.858), octanal (r=0.986), (E)-2-heptenal (r=0.924), and
octanol (r=0.983).

Otherwise, the strong negative correlations also were
observed in this study between y-hexalactone and 2-meth-
ylbutanal (r=-0.964), octanal (r=-0.936), (Z)-3-hexen-
1-ol (r=-0.876), (E)-2-octenal (r=—0.878), (E,E)-2,4-hep-
tadienal (r=-—10.940), (R)-(—)-linalool (r=-0.978), and
octanol (r=-0.903). Interestingly, similar phenomenon
was observed between y-decalactone and 2-methylbutanal
(r=-0.876), pentanal (r=—0.824), octanal (r=-0.757),
(Z)-3-hexen-1-ol (r=-0.737), nonanal (r=-—0.615), (E)-
2-octenal (r=—0.602). This result demonstrated that lactone
compounds presented a negative correlation with aldehydes
and alcohol compounds which was partly the result of the neg-
ative relationship between “sweet” and “alcohol” and “green
and grassy”.

Conclusions

The volatile compounds of peaches obtained from five culti-
vars were analyzed by GC-MS, GC-O, GC-PFD and OAV. Of
these compounds, hexanal, (Z)-3-hexen-1-ol, (E)-2-hexenal,
3-mercaptohexanol, nonanal, y-nonalactone, y-decalactone,
d-decalactone, B-ionone, (R)-(—)-linalool, phenyl acetaldehyde
and 4-mercapto-4-methyl-2-pentanone were the most power-
ful aroma-active compounds contributing to the aroma profile
of the peach samples. The data presented in this study lay a
foundation for the establishment of a chromatographic library
of characteristic aroma compounds from different varieties of
peach and can be used to evaluate peach quality. Furthermore,
it provides the basis for the identification of varieties and qual-
ity control based on characteristic aroma compounds.
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