
ORIGINAL PAPER

Cold storage of six nectarine cultivars: consequences for volatile
compounds emissions, physicochemical parameters, and consumer
acceptance

Jaime Cano-Salazar • Luisa López •
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Abstract The effects of cold storage and shelf life of

‘Big Top,’ ‘Honey Blazecov,’ ‘Honey Royalecov,’ ‘Venus,’

‘August Red,’ and ‘Nectagalacov’ nectarines were evalu-

ated. Volatile compounds, firmness, soluble solids content,

titratable acidity, color, and degree of consumer acceptance

of the fruit were determined at harvest, after storage at

-0.5 �C for 10, 20, or 40 days and following 3 days at

20 �C. Ten days cold storage plus 3 days at 20 �C pro-

duced the highest total ester emission for ‘Nectagalacov’

and ‘August Red,’ while similar results were obtained after

10 days cold storage for the ‘Big Top’ and ‘Honey Bla-

zecov’ and 20 days cold storage for ‘Honey Royalecov’ and

‘Venus.’ For ‘Nectagalacov,’ this higher total ester emission

coincided with the greatest percentage of satisfied con-

sumers. Increased consumer acceptance was associated

with the cultivars and storage time that resulted in firmer

fruits and greater concentrations of specific volatile

compounds.

Keywords Nectarines � Cold storage � Physicochemical

parameters � Volatile compounds � Consumer acceptance

Introduction

Nectarine (Prunus persica (L.) Batsch, var. nectarina) is an

important commercial crop in Spain, the world’s third

largest producer of peaches and nectarines [1]. The

increased stone fruit production in recent years has inclu-

ded new cultivars with different flesh colors, flavors, sol-

uble solids concentrations, and titratable acidities. In spite

of this renewal of cultivar assortment, peach/nectarine

consumption in Spain is continuously decreasing from

close to 8–4.3 kg/capita-year in the period 1989–2012 [2].

Similar trend is registered in other EU countries (France,

Italy, Greece, etc.) and USA. Several reports from Italy [3],

France [4], Spain [5], and USA [6] evidenced that the main

causes of this low consumption are the inconsistent quality

of the product (hard or soft texture and the lack of flavor).

Since there is a high production and relatively low con-

sumption, this means that a larger part of the fruits will

have to be stored for longer periods in order to regulate

commercial availability. Unfortunately, nectarine fruit is

characterized by high perishability caused by rapid soft-

ening during shelf life, which restricts drastically storage

potential [7]. Low-temperature storage is the primary tool

used to reduce postharvest deterioration and maintain

overall fruit quality, since reducing metabolic activity and

respiration rates effectively slows ripening [8]. However,

storage potential depends on cultivar. For instance, some

early maturing, white-fleshed nectarine cultivars tended to

maintain quality under controlled atmosphere storage bet-

ter than later maturing cultivars [9].

Nectarine flavor is the result of a complex combination of

taste and odor. Aroma is an essential factor for evaluating

nectarine quality [10]. Only volatile compounds present in

concentrations above their odor thresholds contribute to

overall nectarine aroma [11]. Volatile composition is also
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cultivar dependent; the volatile profile of nectarine includes

alcohols, aldehydes, esters, ketones, terpenes, and lactones,

mainly c- and d-decalactones [12–17]. Since flavor is a key

attribute for sensory quality and consumer acceptance in

stone fruit [18], its absence is often associated with

unsatisfactory eating quality regardless of firmness and

external appearance. Improving volatile production has

therefore become an important challenge for the fruit

industry.

Intensive research has focused on changes in the phys-

icochemical characteristics and volatile composition of

nectarines during maturation and ripening [10, 19–23].

Ester and lactone compounds provide fruity notes, and C6

aldehyde and alcohol compounds contribute green sensory

notes to the aroma of the ripening fruit, respectively [17].

Benzaldehyde and linalool increase significantly during

maturation [19]. Although the first comprehensive studies

of nectarine volatile production were performed about

40 years ago [12], to the best of our knowledge, no pre-

vious studies on the relationships between volatile pro-

duction, quality, and sensory evaluation in cold-stored fruit

have appeared in the literature.

The objectives of this study were the evaluation of the

relationships between volatile compounds, physicochemi-

cal measurements, and consumer acceptance of ‘Big Top,’

‘Honey Blazecov,’ ‘Honey Royalecov,’ ‘Venus,’ ‘August

Red,’ and ‘Nectagalacov’ nectarines and the assessment of

the ability of post-storage exposure of fruit to air at 20 �C

to stimulate volatile production after cold storage. These

varieties were selected in order to cover all the season

maturity periods, and they represent the most produced

nectarine varieties in Europe.

Materials and methods

Plant material and storage conditions

Nectarine fruits (P. persica (L.) Batsch, var. nectarina) of

early season varieties ‘Big Top’ and ‘Honey Blazecov’ were

harvested on June 30, 2009, at 97 and 100 days after full

bloom (DAFB), respectively. Fruits of mid-season varieties

‘Honey Royalecov’ and ‘Venus’ were harvested on July 31,

2009, at 122 and 125 DAFB, respectively, and fruits of late

season varieties ‘August Red’ and ‘Nectagalacov’ were

harvested on August 31, 2009, at 160 and 166 DAFB,

respectively. The six nectarine varieties were grown in

commercial orchards at Alcarràs, Lleida, Catalonia

(northeastern Spain). Immediately after harvest, four 50 kg

lots from each cultivar were selected on the basis of uni-

formity and the absence of defects. One lot was analyzed at

harvest (H) and the other three lots were stored for 10

(S10), 20 (S20), or 40 (S40) days at -0.5 �C and 92–93 %

relative humidity in a 22 m3 cold air storage chamber

(21 kPa O2/0.03 kPa CO2). Analyses were carried out just

after removal from each cold storage (SL0) and following

3 days at 20 �C (SL3).

Chemicals

All the standards for the volatile compounds studied in this

work were analytical grade or the highest quality available.

Ethyl acetate, 2,3-butanodione, eucalyptol, butyl acetate,

pentyl acetate, acetophenone, and c-hexalactone were

obtained from Fluka (Buchs, Switzerland). 2-Methylpropyl

acetate was obtained from Avocado Research Chemicals,

Ltd. (Madrid, Spain). 2-Ethyl-1-hexenal, Z-3-hexenyl

acetate, methyl octanoate, and decanoic acid were obtained

from SAFC Supply Solutions (St. Louis, MO, USA). The

rest of the compounds (up to 43) were supplied by Sigma-

Aldrich (Steinheim, Germany).

Analysis of volatile compounds

The measurement of volatile compounds was carried out as

described [24]. Six kilograms of fruit per cultivar (2 kg per

replicate 9 3) at harvest and after each cold storage period

were selected for analysis of volatile compounds. Intact

fruits were placed in an 8-L Pyrex container through which

an air stream (150 mL/min) was passed for 60 min. The

resulting effluent was passed through an adsorption tube

filled with 350 mg Tenax TA/Carbograph 1TD at 20 �C.

The volatile compounds were desorbed at 275 �C for

15 min, using an automated UNITY Markes thermal

desorption system (Markes International Ltd., Llantrisant,

United Kingdom). The identification and quantification of

volatile compounds were performed on an Agilent 7890A

gas chromatograph (Hewlett-Packard Co., Barcelona,

Spain) equipped with a flame ionization detector (GC-

FID), using a capillary column with cross-linked free fatty

acid as the stationary phase (FFAP; 50 m 9 0.2 mm 9

f0.33 lm). Helium was used as the carrier gas, at a linear

velocity of 42 cm/s, with a split ratio of 60:1. Both the

injector and the detector were kept at 240 �C. The analysis

was conducted according to the following program: 40 �C

(1 min); 40–115 �C (2.5 �C/min); 115–225 �C (8 �C/min);

225 �C (10 min). Compound identification was performed

in an Agilent 6890 N gas chromatograph/mass spectrom-

eter (Agilent Technologies, Inc.), using the same capillary

column and chromatographic conditions as for GC analy-

ses. Mass spectrometric data were collected in full scan.

Scan ranged from 30 to 500 amu. The scan rate was 3.1

scans/s. Mass spectra were obtained by electron impact

ionization at 70 eV. Helium was used as the carrier gas

(42 cm/s), following the same temperature gradient pro-

gram described above. Spectrometric data were recorded
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(Hewlett-Packard 3398 GC Chemstation) and compared

with those from the original NIST HP59943C library mass

spectra. Compounds were confirmed by comparing their

respective Kovats retention indices with those of accepted

standards and by enriching peach extracts with authentic

standards. Quantification was performed using individual

calibration curves for each identified compound. Standard

concentrations were prepared by dilution in diethyl ether

(ACS [99.8 %, Fluka, Barcelona, Spain) and ranged

between 0.01 and 100 lg/kg. They were freshly prepared at

calibration. The concentrations were expressed as ng/kg.

Analysis of physicochemical parameters

Twenty fruits either at harvest or after each combination of

factors (storage period 9 shelf life period) were individu-

ally assessed for flesh firmness, soluble solids content

(SSC), titratable acidity (TA), and skin color. Flesh firm-

ness was measured on opposite sides of each fruit with a

digital penetrometer (Model. 53205; TR, Forlı́, Italy)

equipped with an 8 mm diameter plunger tip; the results

were expressed in N. SSC and TA were measured in juice

pressed from each fruit. SSC was determined with a Pal-

ette-10 hand refractometer (Atago PR-32, Tokyo, Japan),

and the results were expressed as percent sucrose in an

equivalent solution. TA was determined by titrating 10-mL

juice with 0.1 M of NaOH to pH 8.1, and the results were

given as grams of malic acid per liter. Fruit epidermis color

was determined with a portable tri-stimulus colorimeter

(Chroma Meter CR-400, Konica Minolta Sensing, Inc.

Osaka, Japan) using CIE illuminant D65 and with an 8-mm

measuring aperture diameter. The skin color was measured

at two points on the equator of each fruit that were 1808
apart: one was on the side exposed to sunlight (ES) and the

other was on the shaded side (SS). Hue angle was deter-

mined on both sides, and the resulting values were used as

measurements of superficial (ES) and background (SS)

color.

Sensory analyses

Common fruits were used for consumer evaluation and

physicochemical analysis but different to that used for

volatile analysis.

Twenty nectarines per cultivar at harvest and after each

cold storage period were kept in a room at 20 �C for 3 days

and used for consumer evaluation. Prior to this evaluation,

color and flesh firmness were measured on each fruit, and

two longitudinal wedges were instrumentally analyzed in

relation to its SSC and TA values, as explained above; the

rest of the fruit was divided into pieces and used for con-

sumer evaluation. A piece of nectarine of each cultivar was

placed on a white plate and immediately presented to a

tasting panel of 111 consumers, straight after each harvest

and after each storage period. The consumers were all

volunteers and were either staff members at the UdL-IRTA

research institute or students at the University of Lleida.

All test participants were habitual nectarine consumers.

Each piece was identified by a random three-digit code.

Two cultivars were harvested at the same time. Thus, two

pieces of fruit (one per each cultivar) were presented on the

white plate. The order of tasting of each cultivar was

randomized for each consumer. Mineral water was used as

palate cleansers between samples. To score the degree of

consumer preference, each consumer tasted all samples and

was asked to indicate his/her degree of like/dislike using a

9-point hedonic scale (1—dislike extremely to 9—like

extremely). The percentage of satisfied consumers was

defined as the percentage of participating consumers who

scored a particular sample with a mark of 6 or higher.

Samples could be re-tasted as often as the tasters wanted to

ensure that they were confident about the different scores.

The same consumers participated in all the different

evaluations.

Statistical analyses

A multifactor design was used for statistical analysis of the

results. The factors considered were cultivar, storage time,

and shelf life time. All data were tested using analysis of

variance (GLM/ANOVA procedure) with the SAS program

package [25]. Means were separated by the least significant

difference (LSD) test at p B 0.05. Unscrambler version

9.1.2 software [26] was used to develop a partial least

square regression model (PLSR). This PLSR was used as a

predictive method to relate consumer acceptance (Y) to a

set of explanatory variables (X) which contains the volatile

compounds and physicochemical measures. As a pre-

treatment, data were centered and weighted using the

inverse of the standard deviation of each variable in order

to avoid the influence of the different scales used for the

variables [27]. Full cross-validation was run as a validation

procedure.

Results and discussion

Physicochemical measures at harvest and after cold

storage

At harvest (Table 1), cultivars showed statistically similar

average firmness except ‘Big Top’ and ‘August Red,’

which were firmer than the others. Firmness measurements

were between 38.14 and 47.09 N, consistent with the rec-

ommended harvest firmness for nectarine fruits intended

for cold storage [8]. The SSC and TA exhibited varietal
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differences; sugar and acid concentrations are cultivar

dependent [28]. As expected, the ‘Honey Royalecov’ vari-

ety had the highest SSC. However, in our study, ‘Big Top’

and ‘Honey Blazecov,’ which are typically sweet varieties,

exhibited lower SSC values as a particular year behavior.

The variety with the highest TA was ‘August Red,’ fol-

lowed by ‘Venus,’ ‘Big Top,’ ‘Honey Blazecov,’ ‘Honey

Royalecov,’ and ‘Nectagalacov.’ All the varieties studied

here were selected because they typically exhibit high

coloration [28]; consequently, statistical differences were

not detected, except for ‘Honey Blazecov’ which presented

significant differences for the hue angle measured on the

shaded side.

In general, after each cold storage period, the loss of

firmness during shelf life was one of the most important

changes among the physicochemical measures (Table 1),

the only variety that maintained firmness was ‘Nectagal-

acov.’ The negative effect of shelf life temperature on

nectarine firmness has also been reported by other authors

[8]. However, ‘Nectagalacov’ firmness was not affected by

shelf life, probably due to the denser pulp of this slow

melting cultivar. Along cold storage plus 0 days at 20 �C,

all the varieties presented a quite stable firmness, except

‘Honey Royalecov’ variety which showed a significant

softening. This unusual softening was not observed in 2010

and 2011 and could be due to the high temperatures and

rainfall raised during July 2009. After 3 days at 20 �C after

cold storage, firmness ranged from 7.0 N for ‘Venus’ to

32.1 N for ‘Big Top.’ The extreme firmness for ‘Big Top,’

even after 3 days of storage at 20 �C, agrees with previous

results of its special texture [6, 29–31].

Shelf life at 20 �C did not generally affect SSC, which

remained constant. The only exception was in ‘Honey

Royalecov’ fruits cold stored for 20 days, which exhibited a

slight decrease in SSC. A slight increase in SSC during

shelf life after removal from cold storage has been reported

[32]. In general, in this study, the storage period did not

influence SSC (Table 1). These results indicate that even

though nectarines are climacteric fruits, postharvest varia-

tions in SSC should be relatively unimportant [33].

In general, after cold storage and the subsequent shelf-

life period, TA was lower than the corresponding harvest

value for all varieties, except ‘August Red’ and ‘Necta-

galacov’ cultivars which showed an almost constant TA.

The decrease in TA with cold storage is attributable to the

oxidation of organic acids [7, 32].

The SSC/TA ratio tended to show a slight increase along

cold storage as can be deduced from the slight decrease in

TA, while SSC tended to keep constant. Similar results

were previously reported for ‘Harvester’ peaches [34]. A

closer relationship has been reported between the SSC/TA

ratio and eating quality than between TA and SSC con-

sidered separately [32]. However, the establishment of a

minimum quality index based on SSC or SSC/TA must be

evaluated for each stone fruit cultivar [35].

No significant differences in hue were detected during

cold storage for ‘August Red,’ ‘Big Top,’ or ‘Venus.’ Over

recent decades, new cultivars have been released which

develop a full, intense red color at an early stage of

maturity [36–38]. As seen here, this full red color makes

these cultivars more uniform and means that they undergo

fewer changes during cold storage.

Volatile compounds emitted by nectarines at harvest

and after cold storage

Differences in volatile profiles before and after cold storage

were found among the different cultivars (Table 2), up to

23 out of 43 volatile compounds emitted by the analysed

cultivars were detected for the first time after cold storage.

In early season cultivars ‘Big Top’ and ‘Honey Blazecov,’

eight new compounds were identified after cold storage. In

mid-season cultivars ‘Venus’ and ‘Honey Royalecov,’ five

and nine new compounds were identified after cold storage,

respectively, while ten new compounds were detected after

cold storage in the two late season cultivars ‘August Red’

and ‘Nectagalacov.’ For instance, ethyl 2-methylbutanoate

was not detected at harvest but appeared during cold

storage in one early cultivar (‘Big Top’), two mid-season

varieties (‘Venus’ and ‘Honey Royalecov’), and one late

season cultivar (‘Nectagalacov’). In contrast, 2-methylpro-

pyl hexanoate was only detected at harvest in ‘Big Top’

nectarines.

Most of these volatile compounds were esters, and since

esters and lactones are the most important contributors to

nectarine aroma [39], particular attention was placed on

these compounds. Emissions of eight straight-chain esters

(ethyl acetate, butyl propanoate, pentyl acetate, hexyl

propanoate, methyl octanoate, ethyl octanoate, pentyl

hexanoate, and hexyl hexanoate), five branched-chain

esters (ethyl 2-methylbutanoate, 2-methylbutyl-2-methyl-

propanoate, butyl 2-methylbutanoate, Z-3-hexenyl acetate,

and hexyl 2-methylbutanoate), and four cyclic esters (c-

hexalactone, c-octalactone, d-decalactone, and c-dodec-

alactone) were detected in nectarines after cold storage. As

a consequence, increased fruity and floral notes [17] were

observed in the volatile profiles of ‘Big Top,’ ‘Honey

Blazecov,’ ‘Venus,’ ‘Honey Royalecov,’ ‘August Red,’ and

‘Nectagalacov’ nectarines after cold storage (Table 2).

The same aldehydes, ketones, terpenes, and acetic acid

that were present at harvest were identified and quantified

in the volatile fractions emitted by these six cultivars after

cold storage (Table 2).

The effects of cold storage on early season varieties

were mainly characterized by opposing changes in two

major groups of volatile compounds, esters and acids
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Table 1 Physicochemical measures of nectarine fruits at harvest and after storage at -0.5 �C for 10, 20, or 40 days with or without 3 days at

20 �C

Days at -0.5 �C Harvest 10 20 30

Days at 20 �C 0 3 0 3 0 3

Big Top

SSC 11.3 a 11.6 a 11.0 a 11.4 a 12.2 a 11.5 a 10.6 a

TA 8.1 a 5.9 b 5.9 b 5.1 b 4.9 b 5.2 b 5.8 b

SSC/TA 14.1 c 19.7 bc 18.8 bc 22.6 ab 25.3 a 22.8 a 17.7 bc

Firmness 47.1 a 43.6 a 32.1 b 43.0 a 29.5 bc 40.1 ab 28.8 c

Hue skin (ES) 24.5 a 19.6 a 23.1 a 19.1 a 23.6 a 22.2 a 25.3 a

Hue skin (SS) 70.5 a 53.9 a 58.3 a 66.4 a 54.9 a 59.3 a 55.0 a

Honey Blazecov

SSC 11.2 a 11.8 a 11.9 a 11.3 a 11.1 a 10.2 b 11.0 a

TA 5.6 a 4.7 ab 4.9 ab 3.4 c 4.5 ab 3.3 c 4.0 bc

SSC/TA 21.0 d 25.4 bc 24.7 c 34.3 a 25.3 bc 31.6 a 27.5 b

Firmness 38.1 a 36.8 a 29.6 ab 33.6 ab 24.4 b 35.5 a 13.6 c

Hue skin (ES) 17.3 a 16.7 a 20.5 a 21.8 a 24.0 a 22.6 a 23.0 a

Hue skin (SS) 40.2 b 40.7 b 48.1 ab 52.5 a 51.0 ab 55.4 a 47.1 ab

Venus

SSC 11.6 a 11.5 a 12.2 a 11.9 a 12.1 a 11.4 a 11.8 a

TA 9.9 a 10.0 a 10.1 a 8.3 b 6.9 b 7.9 b 7.0 b

SSC/TA 11.7 c 11.4 c 12.2 bc 14.3 b 17.5 a 14.4 b 16.8 a

Firmness 39.2 a 25.2 b 7.0 d 20.0 b 7.3 d 18.0 bc 15.0 c

Hue skin (ES) 23.5 a 19.7 a 18.5 a 24.3 a 21.6 a 23.6 a 18.7 a

Hue skin (SS) 60.5 a 54.9 a 52.9 a 68.4 a 57.3 a 69.9 a 61.7 a

Honey Royalecov

SSC 13.2 b 13.6 b 12.9 b 14.9 a 11.1 c 11.5 c 14.0 ab

TA 5.5 a 3.2 b 2.8 b 2.5 b 3.0 b 3.0 b 2.7 b

SSC/TA 26.4 d 45.3 b 43.0 b 59.9 a 37.0 c 38.3 c 53.0 a

Firmness 39.6 a 36.4 a 8.4 d 28.3 b 7.9 e 16.8 c 28.1 bc

Hue skin (ES) 19.4 b 18.3 bc 18.3 bc 41.7 a 16.8 c 23.6 b 13.7 d

Hue skin (SS) 44.8 b 39.8 b 37.3 b 36.0 b 44.9 b 69.9 a 39.4 b

August Red

SSC 12.5 a 12.8 a 13.0 a 12.4 a 12.5 a 12.9 a 12.5 a

TA 11.2 a 9.6 a 8.5 a 10.5 a 9.7 a 9.4 a 8.0 a

SSC/TA 11.2 d 13.4 bc 15.3 a 11.8 cd 13.2 bc 13.9 b 15.7 a

Firmness 47.0 a 30.2 b 17.4 d 27.8 b 20.6 cd 22.1 bc 17.5 d

Hue skin (ES) 28.3 a 30.2 a 29.5 a 29.2 a 27.7 a 31.1 a 31.2 a

Hue skin (SS) 79.4 a 82.9 a 84.1 a 87.2 a 82.7 a 86.7 a 82.1 a

Nectagalacov

SSC 11.5 a 11.6 a 11.4 a 11.2 a 12.4 a 12.7 a 12.3 a

TA 4.3 a 3.8 a 3.8 a 3.1 a 3.2 a 2.7 a 2.6 a

SSC/TA 27.1 a 30.8 a 30.7 a 36.5 a 39.0 a 49.5 a 47.4 a

Firmness 40.4 a 21.0 b 17.2 b 19.1 b 17.8 b 19.7 b 17.2 b

Hue skin (ES) 23.1 a 23.6 a 27.9 a 20.4 a 20.6 a 20.8 a 20.4 a

Hue skin (SS) 70.9 a 66.6 b 83.8 a 71.7 a 63.0 b 70.2 a 65.1 b

Means followed by different small letters for each quality measure are significantly different at p B 0.05 (LSD test)

SSC Soluble solids content, TA titratable acidity, ES exposed side, SS shaded side
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(Fig. 1). Esters were the main compounds isolated from

‘Big Top’ and ‘Honey Blazecov,’ representing C50 % of

total volatile compounds in fruit kept in cold storage for

10 days without shelf life. The relative proportion of esters

decreased by up to 17 % in early season varieties after

40 days cold storage. An increase in the relative proportion

of acids was observed during cold storage: C39 % in ‘Big

Top’ and C30 % in ‘Honey Blazecov’ nectarines after

40 days cold storage, depending on shelf life.

In mid-season cultivars like ‘Venus’ and ‘Honey Roy-

alecov,’ the volatile profile was dominated by esters

(75–15 %), acids (42–8 %), and ketones (40–7 %). These

three organic families represented more than 78 % of total

volatile compounds in samples kept in cold storage. During

cold storage and/or shelf life at 20 �C, the relative pro-

portions of ester and ketone compounds decreased by up to

37 % in ‘Venus’ after 40 days cold storage. With the rel-

ative proportion of esters decreasing after 40 days cold

storage, the proportion of acids increased during the same

period. Acids became the most abundant compounds in

‘Venus’ (41 % of total volatile compounds) and the second

most abundant compounds in ‘Honey Royalecov’ (26 % of

total volatile compounds) after 40 days cold storage

(Fig. 2).

During cold storage and shelf life of two late season

varieties, the volatile profile was dominated by acids

(65–17 %), ketones (55–8.5 %), and esters (52–3.5 %).

The relative proportion of acids was higher than that of

0 3 0 3 0 3 0 3 0 3 0 3

10 20 40 10 20 40

Big Top® Honey Blaze cov

Alcohols% 

Acids% 

Terpenes% 

Ketones% 

Aldehydes% 

Lactones% 

Esters%  

Fig. 1 Relative proportions (%)

of the main classes of volatile

compounds in ‘Big Top�’ and

‘Honey Blazecov’ nectarines

after 10, 20, or 40 days storage

at -0.5 �C with or without

3 days at 20 �C

0 3 0 3 0 3 0 3 0 3 0 3

10 20 40 10 20 40

®suneVvocelayoRyenoH

Alcohols% 

Acids% 

Terpenes% 

Ketones% 

Aldehydes% 

Lactones% 

Esters%  

Fig. 2 Relative proportions (%)

of the main classes of volatile

compounds in ‘Honey

Royalecov’ and ‘Venus�’

nectarines after 10, 20, or

40 days storage at -0.5 �C with

or without 3 days at 20 �C
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esters in fruits kept in cold storage for 10 or 40 days plus

0 days of shelf life. There was an increase in the relative

proportion of esters during shelf life in both ‘August Red’

and ‘Nectagalacov’ nectarines, particularly after 10 days

cold storage (Fig. 3).

Differences among cultivars in volatile emissions were

found both before and after cold storage (Tables 3, 4, and

5). At harvest, the total volatiles emitted by ‘Venus’ were

triple those emitted by ‘Big Top,’ ‘Honey Royalecov,’

‘August Red,’ ‘Honey Blazecov,’ or ‘Nectagalacov,’ whose

emissions ranged from 2,275 to 3,710 ng/kg. After 10 days

cold storage plus 3 days at 20 �C, the total volatiles of

‘Honey Royalecov’ were 12,565 ng/kg; this was more than

those of ‘Big Top,’ ‘Venus,’ or ‘August Red’ (5,360, 5,350,

or 4,987 ng/kg, respectively) and about four times higher

than ‘Nectagalacov’ and ‘Honey Blazecov’ (2,991 and

2,523 ng/kg, respectively).

Cold storage and shelf life affected total volatile emis-

sions in early and late season cultivars (Tables 3, 5). The

greatest increases in total volatile compounds emitted by

‘Honey Blazecov’ and ‘August Red’ were obtained after

40 days cold storage plus 3 days at 20 �C. In contrast, a

significant decrease in total volatile emissions was noted in

‘Honey Royalecov’ after 40 days cold storage plus 0 days at

20 �C (Table 4).

‘Big Top,’ ‘Venus,’ ‘Honey Royalecov,’ and ‘Nectagal-

acov’ cultivars cold stored after 20 or 40 days showed ethyl

2-methylbutanoate concentrations higher than for fruit

stored for 10 days. Ethyl 2-methylbutanoate directly

affected nectarine flavor because it has a very low odor

threshold (6 ng/kg; Table 2) and plays an important role in

the characteristic aroma of many fresh fruits such as apple

[40], blackberry [41], orange [42], and pineapple [43].

The emission of acetate esters, and especially of

2-methylpropyl, pentyl, and hexyl acetates, increased with

cold storage in ‘Big Top’ and ‘Honey Blazecov’ nectarines.

In fruits kept for 40 days cold storage plus 3 days at 20 �C,

a large increase was observed (Table 3).

Four lactones were found, although not all were detected

in all nectarines (Tables 3, 4, and 5). Lactones accounted

for 0.5–3.5 % of total volatiles (Figs. 1, 2, and 3). These

low proportions were consistent with previous observations

of mature nectarines [17]. In our study, the most abundant

and stable lactone during cold storage followed by shelf

life was c-hexalactone. Lactones are prominent volatiles in

nectarine aroma [10], and concentrations of c-hexalactone

and c- and d-decalactones are generally low at harvest and

increase during shelf life [44]. In early season cultivars, c-

dodecalactone was first detected after 10 days cold storage.

This lactone has the lowest odor threshold (430 ng/kg;

Table 2) and could therefore influence nectarine aroma

[20]. Furthermore, c-octalactone and d-decalactone were

identified in ‘Honey Blazecov’ after 10 days cold storage.

In contrast, c-dodecalactone was not detected in the two

mid-season cultivars or in ‘Nectagalacov.’ This influence of

cultivar on lactone compounds has been previously noted:

10 lactones were found in the essential oil of three nec-

tarine accessions, but none lactones were detected in

‘Romagna Big’ nectarines [23].

Significant differences in lactone concentrations were

found among the six cultivars and different cold storage

times. In early season and ‘Nectagala’ cultivars, there was
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Fig. 3 Relative proportions (%)

of the main classes of volatile

compounds in ‘August Red�’

and ‘Nectagalacov’ nectarines

after 10, 20, or 40 days storage

at -0.5 �C with or without

3 days at 20 �C
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no decrease in total lactones after 40 days cold storage plus

3 days at 20 �C, while there was a decrease in mid-season

and ‘August Red’ cultivars. Individual lactones did not

contribute to these global changes in the same way. In

general, c-hexalactone concentrations were present in all

the studied varieties after cold storage, excepting in late

season cultivars cold stored for 40 days without shelf life.

Total aldehyde concentrations ranged from 3 to 20 % of

the total volatile fraction collected after cold storage, at

both 0 and 3 days of shelf life (Figs. 1, 2, and 3). This

depends on the genetic background of the cultivar [17].

The concentrations of three C6 aldehydes emitted by

‘Venus’ and ‘August Red’ increased after 40 days cold

storage plus 3 days at 20 �C. Benzaldehyde is derived from

cyanogenic glycoside, amygdalin, and prunasin, which are

typical constituents of many Prunus species. Benzaldehyde

was recognized as the almond aroma present in peach, but

was present in quantities below its odor threshold of

350 lg/kg (Table 2).

Two ketones were detected in the six cultivars and

accounted for 6–55 % of total volatiles after cold storage

plus shelf life (Figs. 1, 2, and 3). During cold storage, total

ketone concentrations decreased in ‘Big Top’ and the two

mid-season varieties but increased in late season cultivars

(Tables 3, 4, and 5). The predominant ketone was 2,3-

butanodione. This is a compound with a low odor threshold

(1 lg/kg, Table 2) that would have contributed buttery

notes to the aroma of ‘Big Top,’ ‘Venus,’ and ‘Honey

Royalecov’ after 10 days cold storage followed by 3 days at

20 �C and in ‘August Red’ after 20 days cold storage plus

3 days at 20 �C. The cold storage period seems to delay

synthesis of this ketone, except in ‘Honey Blaze�’ and

‘Nectagalacov.’ Nevertheless, to the best of our knowledge,

no data have previously been reported on the effect of cold

storage on the concentration of this ketone in nectarine

fruits.

Three organic acids accounted for 2–65 % of the total

volatile fraction during cold storage followed by shelf life

(Figs. 1, 2 and 3). The concentration of acetic acid emitted

by all six cultivars increased or remained quite stable after

40 days cold storage plus 3 days at 20 �C compared to the

rest of storage and shelf life periods (Tables 3, 4, and 5).

Terpenoids contribute the characteristic fruity aroma to

nectarines and two compounds accounted for about

0.4–6 % of total volatiles depending on the cultivar, cold

storage time, and shelf lifetime (Figs. 1, 2, and 3). The

monoterpene linalool was the most abundant in early sea-

son varieties (Table 3); its predominance has also been

noted in other nectarine cultivars such as ‘Romagna Big’

[23], ‘Fantasia,’ and ‘Early Red’ [17]. During cold storage,

linalool concentrations decreased in all cultivars except

‘Honey Blazecov.’ In ‘Venus’ cultivar, the linalool and

eucalyptol compounds were only detected at harvest andT
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after 10 days of cold storage. The concentration of euca-

lyptol increased after 40 days cold storage in ‘August Red,’

but always remained very low in early season varieties.

Six alcohols accounted for 4–18.5 % of total volatiles

depending on the cultivar, cold storage time, and shelf

lifetime (Figs. 1, 2, and 3). After 40 days cold storage, total

alcohols decreased in ‘Big Top’ and ‘Nectagalacov,’ but

increased in ‘August Red’ after 3 days at 20 �C (Tables 3,

4, and 5). 2-Ethyl-1-hexanol was the most abundant alco-

hol in all cultivars during cold storage. During cold storage,

the concentration of 2-ethyl-1-hexanol remained constant

in ‘Big Top,’ ‘Honey Blaze’ (early season cultivars), and

‘Honey Royale’ (mid-season cultivar), increased in

‘August Red’ and declined in ‘Nectagala’ (late season

cultivars).

Consumer acceptance

Table 6 shows the percentage of satisfied consumers for

each cultivar and storage time, including at harvest. At

harvest, the highest percentages of satisfied consumers,

C70 %, were associated with the sweet cultivars ‘Honey

Royalecov,’ ‘Honey Blazecov,’ ‘Big Top,’ and ‘Nectagal-

acov.’ In contrast, acid cultivars such as ‘Venus’ and

‘August Red’ only satisfied about 50 % of consumers.

These results agree with reported findings that among six

nectarine cultivars, the sweet cultivars were better appre-

ciated by consumers [28]. The six cultivars showed dif-

ferent changes in consumer acceptance from harvest

through different lengths of cold storage. ‘Big Top’ became

more acceptable to consumers after cold storage than at

harvest. ‘Venus’ acceptability remained stable during cold

storage. In comparison with harvest, consumer satisfaction

provided for ‘Honey Royalecov’ declined after 10 days cold

storage. For ‘Nectagalacov’ and ‘August Red,’ the per-

centage of consumer satisfaction increased at 10 and

20 days, respectively, but decreased at 40 days.

To determine the variables that most influenced con-

sumer acceptance, a partial least square regression model

Table 6 Percentage of satisfied consumers of ‘Big Top,’ ‘Honey

Blazecov,’ ‘Venus,’ ‘Honey Royalecov,’ ‘August Red,’ and ‘Necta-

galacov’ nectarines at harvest and after cold storage for 10, 20, and

40 days at -0.5 �C plus 3 days ripening at 20 �C

Cultivars Satisfied consumers (%)

Harvest 10 days 20 days 40 days

Big Top 71 79 86 80

Honey Blazecov 72 76 67 70

Venus 53 57 63 61

Honey Royalecov 75 75 55 45

August Red 53 70 73 43

Nectagalacov 70 97 93 53
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(PLSR) was developed using physicochemical measures

(SSC, TA, SSC/TA, and firmness) and volatile compound

emissions as the X variables and the degree of consumer

acceptance as the Y variable. The first two PLS factors built

up by combinations of the physicochemical measures and

volatile compound emissions accounted for up to 81 % of

Fig. 4 PLS model using the data of the six nectarines cultivars after cold storage plus 3 days at 20 �C. a Scores; b correlation loadings;

c regression coefficients from a PLS model of variable acceptance
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the total variability in consumer acceptance (Fig. 4a).

Almost all the variance in the consumer acceptance is then

collected in this figure. ‘Big Top’ (regardless cold storage

time), ‘Nectagala’ (10 and 20 days cold storage), and

‘Honey Blaze’ (40 days cold storage) nectarines were

located on the right side of the PC1 axis, which explained

alone 64 % of total variance and, which in turn, were

associated with higher consumer acceptance. In contrast,

the rest of cultivars stored at different cold storage times on

the left side of PC1, away from the first group (Fig. 4a, b).

The Fig. 4c, which depicts the regression coefficient with

respect the standardized variables, shows the influence of

instrumental variables on consumer acceptance. While SSC

did not have a significant regression coefficient with

respect to acceptance due to the lack of variation of this

property, a significant positive influence of flesh firmness

on the acceptance was obtained. Additionally, the volatile

compounds benzyl alcohol, butyl octanoate, c-hexalactone,

hexyl hexanoate, 2-ethyl-1-hexanol, hexyl 2-methylbut-

anoate, hexanol, 2-methylbutyl 2-methylpropanoate,

2-ethyl-1-hexenal, and 2-methylbutyl acetate (showing all

of them positive relation to consumer acceptance) were the

variables that most influenced consumer acceptance. Some

of these volatiles (hexyl hexanoate and hexyl 2-methyl-

butanoate) were also found to have influence on consumer

acceptance [45, 46] of cold-stored ‘Pink Lady’ apples. The

importance of some volatile compounds on peach con-

sumer acceptance has also been reported previously [47].

In addition to the influence of some volatile compounds,

this work clearly shows a noticeable influence of the flesh

firmness on the consumer acceptance so that for a SSC

value in the range (11–13 �Brix), firmer fruits became more

accepted.

Conclusion

A first aim of this study was the evaluation of the rela-

tionships between volatile compounds, physicochemical

measurements, and consumer acceptance of ‘Big Top,’

Fig. 4 continued
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‘Honey Blazecov,’ ‘Honey Royalecov,’ ‘Venus,’ ‘August

Red,’ and ‘Nectagalacov’ nectarines after cold storage

during three different periods. Results reported indicated

that higher consumer acceptance score was associated with

the cultivars and storage time that resulted in firmer fruits

and greater concentrations of specific volatile compounds.

After cold storage, fruit were exposed to air at 20 �C for

different days to stimulate volatile production. This expo-

sure produced an increase in total volatile compounds

emission of ‘Big Top’ and ‘August Red’ cultivars after any

analyzed cold storage period. Additionally, for ‘Honey

Blazecov,’ ‘Honey Royalecov,’ and ‘Nectagalacov’ nectar-

ines, this exposure showed a positive effect on volatile

production after 40 days of cold storage and had no effect

in ‘Venus’ nectarines.
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Agric Food Chem 60:1266–1282

25. SAS Institute (2004) SAS 9.1 qualification tools user’s guide.

SAS Institute, Cary

26. CAMO ASA (2004) The Unscrambler user tutorials ver. 9.1.2 by

CAMO process AS; Programme package for multivariate cali-

bration. Trondheim

27. Martens H, Naes T (1989) In: Multivariate calibration. Wiley,

Chichester

28. Iglesias I, Echeverria G (2009) Sci Hortic 120:41–50

29. Kader AA (1992) Postharvest technology of horticultural crops.

University of California, USA

30. Metheney PD, Crisosto CH, Garner D (2002) J Am Pomol Soc

56:75–78

31. Ghiani A, Negrini N, Morgutti S, Baldin F, Nocito F, Spinardi A,

Mignani L, Bassi D, Cocucci M (2011) J Am Soc Hortic Sci

136:61–68

32. Crisosto CH, Crisosto GM (2005) Postharvest Biol Technol

38:239–246

33. Altube H, Budde C, Ontivero M, Rivata R (2001) Agric Téc

(Chile) 61:140–150

34. Meredith FI, Robertson JA, Hovart RJ (1989) J Agric Food Chem

37:1210–1212

35. Crisosto CH, Garner D, Crisosto GM, Bowerman E (2004)

Postharvest Biol Technol 34:237–244
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