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Abstract Fresh onions (Allium cepa L.) emit volatile

organic compounds (VOCs) naturally in very low con-

centrations. The aim of the present study was to deter-

mine the emission rate of low-boiling VOCs from healthy

and naturally infected onion bulbs at 4, 15, and 25 �C and

to evaluate the applicability of the VOC method to

monitor quality changes during 12 weeks of storage of

two cultivars (‘Hystand’ and ‘Hoza’) of yellow onions.

VOCs were extracted from the headspace of bulbs by

solid phase micro-extraction (SPME) up to 5 times during

storage and analyzed by gas chromatography–mass spec-

trometry (GC–MS). A total of twenty-nine compounds

were measured and twenty-seven of these were identified

while thirteen were reported for the first time from yellow

onion bulbs. Acetone (0.10–18.0 nmol kg-1 day-1),

dimethyl disulfide (0.12–18.9 nmol kg-1 day-1) and

hexanal (0.05–4.40 nmol kg-1 day-1) were among the

most abundant volatiles emitted from healthy bulbs. The

concentration of these compounds as well as the total

volatiles decreased with time in storage. However,

microbial infection resulted in higher emission of pro-

pene, carbon disulfide, isoprene, pentane, 2-methylfuran,

3-methylfuran, 1-propenethiol, hexane, and methyl propyl

sulfide, indicating that VOC emission may be used as an

indicator to monitor natural senescence and decay of

stored onion bulbs.

Keywords Solid-phase microextraction � Gas

chromatography–mass spectrometry � Headspace analysis �
Senescence � Quality � Disease

Abbreviations

CO2 Carbon dioxide

LB Lysogeny broth

N2 Nitrogen

O2 Oxygen

PDA Potato dextrose agar

Introduction

Onion (Allium cepa L.) is one of the most important veg-

etables cultivated around the world and the bulbs are stored

between seasons to supply consumers with fresh produce

year-round (Opara and Geyer 1999). Quality of onions

changes as a result of natural senescence and decay. The

characteristic pungent aroma and flavor decrease due to

enzymatic degradation of S-alk(en)yl cysteine sulfoxides

and formation of sulfurous compounds such as sulfenic

acids, monosulfides, disulfides, trisulfides, and tetrasulfides

(Block et al. 1992). Other quality changes are loss of

firmness, top and root sprouting, and development of

storage rots caused by organisms like Botrytis allii and

Botrytis aclada (neck rot), Burkholderia cepacia, formerly

Pseudomonas cepacia (sour skin), and Fusarium oxyspo-

rum (basal rot) (Opara and Geyer 1999; Snowdon 1990).

Recently, attempts have been made to monitor the early

quality changes in fresh produce by use of analysis of

volatiles (Luca et al. 2017). Many factors influence the

volatile organic compound (VOC) profile extracted from

fresh produce: the raw material, the extraction method, and

the method of detection (Li et al. 2011; Løkke et al. 2012;
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Prithiviraj et al. 2004; Sinha et al. 2018; Vikram et al.

2005). Usually, fresh produce is macerated to increase the

release of volatiles, but maceration introduces damages and

wounding and mixing of enzymes and substrates (Chris-

tensen et al. 2007) and this changes the VOC profile

(Løkke et al. 2012). Therefore, VOCs must be sampled

from undamaged or naturally damaged onion bulbs to yield

information on senescence and decay.

Fresh vegetables emit a wealth of VOCs but the release

is low in undamaged tissue, usually in the parts-per-trillion

(ppt) range (Luca et al. 2017), making it challenging to

sample VOCs for the monitoring of fresh produce quality.

Several attempts to detect microbial infections in onion

bulbs have been made with variable results (Li et al. 2011;

Prithiviraj et al. 2004; Sinha et al. 2018; Vikram et al.

2005). Higher intensity of dimethyl disulfide, dipropyl

disulfide, methyl propyl disulfide, undecane, and 2-unde-

cane were found in sour skin (B. cepacia) infected bulbs

16 days after inoculation at 4 �C and 3 days after inocu-

lation at 25 �C by use of field asymmetric ion mobility

spectrometry analysis (Sinha et al., 2018). Li et al. (2011)

also found higher levels of dimethyl disulfide, dipropyl

disulfide, and undecane in bulbs infected with B. cepacia.

Recently, it has been shown that solid-phase microextrac-

tion (SPME) on a Carboxen/polydimethylsiloxane (CAR/

PDMS) fiber and separation on a HP-PLOT/Q column is

suitable for giving detailed information on senescence and

microbial decay of packaged wild rocket (Diplotaxis

tenuifolia L.) (Luca et al. 2017) and stored onion bulbs

(Wang et al. 2016).

The aim of the present study was to determine the

emission rate of low-boiling VOCs from healthy and nat-

urally infected fresh onion bulbs and to evaluate the

applicability of the VOC method to monitor quality chan-

ges in onion bulbs during storage. Two cultivars of yellow

onions (‘Hystand’ and ‘Hoza’) were stored for 12 weeks in

glass jars at 4, 15, and 25 �C in darkness, and VOCs were

extracted up to 5 times during storage by SPME and ana-

lyzed by GC–MS. Following storage, bulb quality (weight

loss, sprouting, rooting, decay) was evaluated.

Materials and methods

Reagents and chemicals

Authentic reference compounds of acetaldehyde, acetic

acid, acetone, 2-butanone, carbon disulfide, dimethyl

disulfide, 2,5-dimethylfuran, 3,4-dimethylthiophene, hep-

tane, hexanal, hexane, isoprene, methanethiol, methyl for-

mate, 2-methylfuran, 3-methyl-2-pentanone, 2-methyl-2-

propanol, methyl propyl disulfide, pentanal, pentane,

2-pentanone, isopropyl alcohol, propanal, 1-propanethiol,

1-propanol, and propene were obtained from Sigma-

Aldrich Chemie GmbH (Stenheim, Germany), methyl

propyl sulfide from Alfa Aesar (Haverhill, USA), and

3-methylfuran from Acros Organics (Geel, Belgium).

Ultrapure water (resistivity 18.2 MX cm) was produced by

a SG Ultra Clear UV Water Purification System (SG

Wasseraufbereitung und Regenerierstation GmbH, Bars-

büttel, Germany).

Plant material and storage conditions

Bulbs of two cultivars (‘Hystand’ and ‘Hoza’) of yellow

onions (Allium cepa L.) were taken from commercial

storage house facilities in March 2015 after approximately

6 months in storage. After harvest, bulbs were cured to dry

the outer scales, and then stored at 0.5 �C and approxi-

mately 85% relative humidity (RH). None of the cultivars

was treated with sprout inhibitors in the field or in storage

(Benkeblia et al. 2002). A batch of 20 kg of each cultivar

was taken and transported to Aarhus University and man-

ually sorted for the experiment. Only firm bulbs of similar

size that were free of skin cracks, top sprouts, secondary

roots, and external diseases were selected. The weight of

three onions was combined into one sample to give a total

of 320 ± 10 g and samples were stored in triplicate in 1-L

glass jars inside storage chambers (Binder KB400, Binder,

Tuttlingen, Germany) for 12 weeks at 4, 15, and 25 �C.

Sampling of VOCs

Every 2–3 weeks, jars were made airtight with lids having

inlet and outlet fittings for gas purging, and a septum for O2

and CO2 measurements and VOC sampling. Jars were

flushed with clean, compressed, dry air (AGA Gas AB,

Sundbyberg, Sweden) for 10 min at 800 mL min-1 to have

the same background level of volatiles at beginning, and

then kept airtight for 24 h to allow VOCs to build up.

VOCs were sampled for 5 min with a 85-lm CAR/PDMS

SPME fiber (Supelco, Bellefonte, PA) through the septum

attached to the lid. The fiber was then transferred to another

1-L glass jar for 5 min at 18 �C for external standard

addition (0.447 nmol L-1 3-methyl-2-pentanone in N2).

This method enabled extraction of VOCs emitted naturally

from onion bulbs during storage (Wang et al. 2016) without

handling the bulbs. Following VOC sampling, the gas

composition inside the jars was monitored by use of a

CheckMate 9900 Headspace Gas Analyzer (PBI Dansen-

sor, Ringsted, Denmark) and from these values the respi-

ration rate of bulbs was determined (Seefeldt et al. 2012).
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Analysis and quantification of VOCs

The VOCs on the SPME fiber were thermally desorbed at

200 �C in splitless mode in the inlet of an Agilent 5975C

GC (Agilent Technologies, Palo Alto, CA) equipped with a

SPME liner (0.75 mm i.d., Supelco, Bellefonte, PA).

Compounds were separated on an HP-PLOT/Q (Agilent

Technologies, Palo Alto, CA) column (30 m 9 0.32 mm,

film thickness 20 lm) (Luca et al. 2015b), and detected on

an Agilent 5975C inertXL MS detector (Agilent Tech-

nologies, Palo Alto, CA). The GC oven temperature pro-

gram was the following: 30 �C (1 min hold time), a

temperature ramp of 20 �C min-1 to 250 �C and 18 min

hold time at 250 �C. The carrier gas was helium with a

constant flow rate of 1 mL min-1. The MS operated in

positive ion mode with an electron ionization energy of

70 eV. The instrument acquired mass spectra in total ion

current mode over a mass-to-charge ratio (m/z) of 20–200

amu. Compounds identified were verified by comparing the

retention times and mass spectral data of the NIST database

(ver. 2.1.2, NIST, Gaithersburg, MD) with those of

authentic reference compounds. Compounds were quanti-

fied as shown in Eq. 1 relative to the external standard (ES)

3-methyl-2-pentanone and by use of a correction factor (F):

VOC½ � ¼
Avoc

AES
� ES � F � Vf

W � t ð1Þ

where [VOC] is the VOC emission rate in nmol kg-1 -

day-1, AVOC is the peak area of a VOC in a sample and AES

is the peak area of the external standard in the same sam-

ple, ES is the concentration of the external standard (3-

methyl-2-pentanone) in nmol L-1, Vf is the free volume in

L of a jar containing three onion bulbs, W is the fresh

weight of the onion bulbs in kg, and t is the total emission

time in days. Isoprene was selected as the compound for

determination of the correction factor (F) as it eluted in the

middle of the chromatogram. F was determined as the ratio

between the peak area of isoprene extracted from air at 4,

15, and 25 �C using the same procedure as with the onions.

Quality assessment of onions

The weight loss, sprouting, rooting, and the levels of decay

were assessed at the end of storage. The weight loss was

determined as the difference between the initial and final

weight of the bulbs in percentage of the initial weight.

Sprouting and rooting were determined on each bulb on a

4-point scale from 0 to 3 as the length of the longest leaf

emerging from the neck (Pak et al. 1995): 0 = no green

leaf; 1 = leaf\ 2 cm; 2 = leaf 2–5 cm; and 3 = leaf[ 5

cm. Rooting was monitored similarly, as the length of the

white secondary roots emerging from the base plate

(Miedema 1994); 0 = no roots; 1 = roots\ 1 cm;

2 = roots 1–2 cm; and 3 = roots[ 2 cm. The amount of

decayed tissue was evaluated on a 4-point scale from 0 to 3

after the onions were cut longitudinally with a sterilized

knife, and the base plate, bulb neck and internal and

external scales were inspected; 0 = no visual decay;

1 =\ 10% decay; 2 = 10–20% decay; and 3 =[ 20%

decay. From these data, a mean sprouting, rooting and

decay index for each of the 18 jars was calculated. To

identify the specific diseases, 54 bulbs from the 18 jars (3

bulbs in each jar) were incubated separately in darkness at

20 �C at [ 85% RH. Tissue from infected bulbs was cut

and spread on PDA and LB agar plates (Sigma-Aldrich

Chemie GmbH, Stenheim, Germany), and incubated at 25

and 30 �C, respectively, for 2–4 days to identify the mor-

phological characteristics of the fungi or bacteria (Cran-

shaw et al. 2007). Diseases were identified by the visual

symptoms on the onions and phenotypic identification of

microorganisms (Cranshaw et al. (2007).

Data analysis

Parallel Factor Analysis 2 (PARAFAC2) (Amigo et al.

2010) was applied to overcome baseline drifts, peak shifts,

low signal-to-noise ratios, and co-elution in the chro-

matograms. The chromatograms were divided into 21 local

intervals in MATLAB� (The Mathworks Inc., Natick, MA)

and PARAFAC2 models were developed for each interval

using the PLS-Toolbox (PLS-Toolbox v. 8.0.2, Eigenvec-

tor Research Inc., Wenatchee, WA). From this analysis,

peak areas were calculated. Before statistical analysis, all

data were carefully inspected to avoid misinterpretations in

the data analysis. Two-way analysis of variance (ANOVA)

was applied to the VOC data at beginning to identify

whether there were significant differences between culti-

var, temperature, and cultivar * temperature and to the

quality data measured at the end of storage. If one factor

was nonsignificant, the statistical model was reduced to a

two-way model without interaction or a one-way ANOVA.

For multiple comparisons, Tukey’s honest significance

difference (HSD) test at P = 0.05 was applied. Statistical

analysis was performed in R (v. 3.2.3, R Development

Core Team, 2015).

Results and discussions

The weight loss ranged between 2 and 6% after 12 weeks

of storage (Table 1) and it was thus below 10%, which is

the limit for marketability of onions (Robinson et al. 1975).

The highest weigh loss was observed at 25 �C and the

lowest at 4 �C and 15 �C. These differences most likely

were attributed to the observed higher respiration rate at

25 �C than at 4 �C (data not shown) and lower RH at 25 �C

2942 J Food Sci Technol (June 2019) 56(6):2940–2948

123



than at 4 �C which influence the water vapor pressure

deficit and the loss of water during storage from fresh

produce (Paull 1999). No top sprouting was observed

during the first 4 weeks of storage (data not shown) but

after 12 weeks, sprouting was higher at 15 �C than at 4 �C
and 25 �C (Table 1). This is in agreement with Benkeblia

et al. (2002) who reported more top sprouting in onion

bulbs stored at 7.5–15 �C than at 2–4 �C and 20–25 �C.

Secondary roots emerged slightly earlier than top sprouts

from the base plates of the bulbs. After 12 weeks, onions

stored at 4 and 15 �C had more rooting than those stored at

25 �C (Table 1). High humidity stimulates rooting of

onions in storage if bulbs are prone to secondary root

growth (Islam et al. 2015). The RH in storage could have

been higher at 4 and 15 �C than at 25 �C as air can hold

more water vapor at 25 �C than at 4 and 15 �C at the same

RH level. Overall, the decay index was low (Table 1) and

there was no significant difference between treatments after

12 weeks of storage. However, it was possible to acquire

important information about VOC emission from diseased

and healthy onion bulbs, as 28% of the jars (5 out of 18)

had one diseased bulb (Table 1), and the remaining jars had

only healthy bulbs. Three onion bulbs had sour skin (B.

cepacia); it was ‘Hystand’ stored at 15 �C, ‘Hoza’ stored at

15 �C, and ‘Hoza’ stored at 25 �C (Table 1). One ‘Hys-

tand’ bulb stored at 15 �C had basal rot (F. oxysporum) and

one ‘Hoza’ bulb stored at 4 �C had neck rot (Botrytis spp.)

(Table 1). Overall, onion bulbs stored at 15 �C had more

top sprouting and more bulbs were infected stored at 4 and

25 �C.

Volatile organic compounds emitted from fresh

onions during storage

Twenty-nine VOCs were naturally emitted from onion

bulbs during storage (Table 2). These compounds included

1 acid, 3 alkanes, 3 alkenes, 2 alcohols, 4 aldehydes, 1 ester,

3 furans, 3 ketones, 7 sulfides, and 2 thiols. Most of the

compounds (23 of 29) were VOCs with boiling points

below 110 �C, in agreement with the selected method,

which was selective and sensitive to extraction and

separation of low-boiling volatile compounds (Luca et al.

2015b). Thirteen compounds were reported for the first time

from ‘Hystand’ and ‘Hoza’ onions, including methyl for-

mate, isopropyl alcohol, isoprene, pentane, 2-methyl-2-

propanol, 2-methylfuran, 3-methylfuran, 2-butanone, acetic

acid, hexane, 2,5-dimethylfuran, pentanal, heptane, and

2-pentanone while the remaining compounds had been

reported earlier in onions or in other vegetables from the

Allium genus. Those compounds were acetaldehyde (Kim

and Kim 2014); propene and (Z)-methyl 1-propenyl sulfide

from steam-distilled onion oil (Boelens et al. 1971); acetone

from fresh-cut (Løkke et al. 2012) or diseased onion bulbs

(Li et al. 2011); methanethiol and propanal from fresh-cut

onions (Løkke et al. 2012) or distilled onion oil (Boelens

et al. 1971); carbon disulfide, methyl propyl sulfide and

1-propanol from crushed onions (Kallio and Salorinne

1990); and 1-propanol from blanched (Kebede et al. 2014)

or diseased onion bulbs (Vikram et al. 2005); 1-propa-

nethiol from crushed (Kallio and Salorinne 1990), cut and

high pressure processed or freeze dried (Colina-Coca et al.

2013), or blanched onions (Kebede et al. 2014); dimethyl

disulfide, 3,4-dimethylthiophene, methyl 1-propenyl disul-

fide, and methyl propyl disulfide from onion oil, fresh-cut or

diseased onion bulbs (Boelens et al. 1971; Løkke et al.

2012; Vikram et al. 2005), and hexanal from onion oil (Kuo

and Ho 1992) or cut and high pressure processed or freeze

dried onions (Colina-Coca et al. 2013; Kebede et al. 2014).

The data reported here showed that onion bulbs emit many

different low-boiling VOCs naturally which can be sampled

by SPME without crushing the tissue.

Effect of cultivar and storage temperature

on volatile emission

The VOC emission rates from ‘Hystand’ and ‘Hoza’ bulbs

stored at the three temperatures are shown in Table 3 in the

first week of storage. At this time, bulbs had no top sprouts

or secondary roots (data not shown). The VOC emission

rates were quantified by use of an external standard and by

use of a correction factor to compensate for differences in

the extraction efficiency at the different temperatures.

Table 1 Quality of onions after 12 weeks of storage at 4, 15, and 25 �C

Temperature (�C) Weight loss (%) Sprouting index Rooting index Decay index Diseasesa

4 2.29 ± 0.20bAc 0.06 ± 0.06 B 1.95 ± 0.23 A 0.17 ± 0.17 A Botrytis spp. (1)

15 2.56 ± 0.41 A 2.33 ± 0.26 A 2.53 ± 0.22 A 0.33 ± 0.17 A B. cepacia (2) and

F. oxysporum (1)

25 6.02 ± 0.41 B 0.72 ± 0.26 B 0.55 ± 0.36 B 0.11 ± 0.11 A B. cepacia (1)

aThe number of jars with a diseased bulb is given in parenthesis. Only one bulb was diseased in each jar
bData are the mean values ± standard errors over cultivars (n = 6)
cMean values followed by different letters within column indicate significant differences at P = 0.05
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Many factors influence the extraction efficiency; tempera-

ture, relative humidity, and the gas matrix effects (Luca

et al. 2015a; Nielsen and Jonsson 2002). In the present

study, the O2 concentration ranged between 8 and 19% and

the concentration of CO2 between 2 and 12%, and the gas

composition was thus within the range of having a minor

effect on the VOC extraction efficiency (Luca et al. 2015a).

Overall, there were significant differences between

cultivars for 2-methylfuran and heptane and significant

differences between temperatures for most of the com-

pounds (Table 3). A significant interaction was observed

for propene, isopropyl alcohol, pentane, and 2-methylfuran

showing that the VOC emission rates differed between

cultivars and temperatures for these four compounds

(Table 3). The total VOC emission rates were 4.54, 8.57,

and 47.0 nmol kg-1 day-1 at 4, 15, and 25 �C, respec-

tively. Overall, more VOCs were emitted at 25 �C than at

4 �C. This observation may be explained by a higher

activity of alliinase at higher than at lower temperature

(Hanum et al. 1995). This enzyme degrades S-alk(en)yl

cysteine sulfoxides into acetone, acetic acid, dimethyl

disulfide, and other sulfurous compounds such as sulfenic

acids, monosulfides, disulfides, trisulfides, and tetrasulfides

in onion bulbs and other vegetables of the Allium genus

(Block et al. 1992). In the present study, more acetone and

acetic acid were extracted at 25 �C than at 4 �C (Table 3),

which corresponds with a higher enzyme activity at a

higher than at a lower temperature.

Table 2 Volatile organic compounds detected in the headspace of ‘Hystand’ and ‘Hoza’ bulbs during 12 weeks of storage at 4, 15, and 25 �C

No. Volatile compounda Retention time (min) Chemical group Boiling pointb (�C) Top abundant ionsc

1 Propene 5.89 Alkene - 48 41 (100), 39 (72), 42 (69)

2 Acetaldehyde 7.29 Aldehyde 21 44 (100), 29 (99), 43 (54)

3 Methanethiol 7.59 Thiol 6 47 (100), 48 (82), 45 (62)

4 Methyl formate 7.95 Ester 32 31 (100), 60 (89), 29 (62)

5 Propanal 9.31 Aldehyde 48 58 (100), 29 (91), 28 (64)

6 Acetone 9.42 Ketone 56 43 (100), 58 (37), 42 (7)

7 Carbon disulfide 9.45 Sulfide 46 76 (100), 78 (9), 49 (7)

8 Isopropyl alcohol 9.87 Alkene 36–37 55 (100), 70 (52), 42 (51)

9 Isoprene 9.98 Alkene 34 67 (100), 68 (68), 53 (57)

10 Pentane 10.04 Alkane 36 43 (100), 42 (60), 41 (53)

11 1-propanol 10.40 Alcohol 97 31 (100), 59 (22), 42 (17)

12 2-methyl-2-propanol 10.70 Alcohol 82 59 (100), 31 (23), 41 (18)

13 2-methylfuran 10.83 Furan 63–66 82 (100), 81 (61), 53 (55)

14 3-methylfuran 10.96 Furan 67 82 (100), 53 (59), 81 (54)

15 2-butanone 11.02 Ketone 80 43 (100), 72 (20), 29 (10)

16 1-propanethiol 11.15 Thiol 68 76 (100), 47 (62), 41 (47)

17 Hexane 11.53 Alkane 69 57 (100), 41 (65), 43 (57)

18 Acetic acid 11.63 Acid 118 43 (100), 45 (96), 60 (77)

19 2,5-dimethylfuran 12.20 Furan 92–94 96 (100), 95 (86), 43 (72)

20 Pentanal 12.46 Aldehyde 103 44 (100), 58 (44), 29 (43)

21 2-pentanone 12.35 Ketone 102 43 (100), 57 (74), 86 (41)

22 Methyl propyl sulfide 12.56 Sulfide 96 61 (100), 90 (75), 48 (27)

23 (Z)-methyl 1-propenyl sulfided 12.60 Sulfide 102 88 (100), 73 (97), 45 (69)

24 Dimethyl disulfide 12.73 Sulfide 110 94 (100), 79 (49), 45 (34)

25 Heptane 12.91 Alkane 98 43 (100), 71 (80), 57 (61)

26 Hexanal 14.17 Aldehyde 131 44 (100), 43 (96), 41 (81)

27 3,4-dimethylthiophene 15.77 Sulfide 144–146 111 (100), 112 (69), 97 (44)

28 Methyl 1-propenyl disulfided 17.04 Sulfide 140 120 (100), 45 (49), 72 (35)

29 Methyl propyl disulfide 17.20 Sulfide 154 122 (100), 80 (98), 41 (36)

aCompounds suggested by the NIST database (version 2.1.2, NIST, Gaithersburg, MD) were verified by comparing the retention times and mass

spectral data with those of authentic reference compounds unless noted
bBoiling points are given at 760 mmHg and data are from https://pubchem.ncbi.nlm.nih.gov/compound
cThe values in parentheses are the percentage relative to the most abundant ion
dTentatively identified as no reference compounds were available
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Changes in volatile emissions during storage

of healthy onions

The volatile emission rates from healthy onion bulbs for

selected VOCs are shown in Fig. 1 at 4 �C and 25 �C. The

data showed that the emission rates decreased with storage

time regardless of storage temperature for total volatiles,

acetone, dimethyl disulfide, and hexanal (Fig. 1). The total

emission rate dropped 40% from 6.86 to

4.13 nmol kg-1 day-1 at 4 �C and 79% from 90.00 to

18.76 nmol kg-1 day-1 at 25 �C (Fig. 1a). For acetone,

the drop was 94% from 2.04 to 0.12 nmol kg-1 day-1 at

4 �C and 85% from 18.01 to 2.65 nmol kg-1 day-1 at

25 �C (Fig. 1b), and for dimethyl disulfide it was 17% from

1.31 to 1.09 nmol kg-1 day-1 at 4 �C and 99% from 18.89

to 0.12 nmol kg-1 day-1 at 25 �C (Fig. 1c). The observed

decrease in acetone and dimethyl disulfide could be

attributed to a drop in the methyl cysteine sulfoxide content

of onions during storage (Kopsell et al. 1999), which is an

important non-amino acid of vegetables belonging to the

Allium genus. Hexanal also dropped during storage

(Fig. 1d) from 0.46 to 0.24 nmol kg-1 day-1 at 4 �C (a

Table 3 The emission rate (nmol kg-1 day-1) of volatile organic compounds from ‘Hystand’ and ‘Hoza’ onions stored at 4, 15, and 25 �Ca

Compound Cultivar Storage temperature Significance levelb

‘Hystand’ ‘Hoza’ 4 �C 15 �C 25 �C Cultivar Temperature Interaction

Propene 0.06 Ac 0.07 A 0.06 A 0.09 A 0.05 A nsd ns *

Acetaldehyde 0.65 A 0.95 A 0.20 B 0.27 B 1.84 A ns ** ns

Methanethiol 0.88 A 0.02 A 0.01 A 1.4 A 0.07 A ns ns ns

Methyl formate 0.65 A 0.54 A 0.20 B 0.35 B 1.22 A ns *** ns

Propanal 0.18 A 0.51 A 0.06 B 0.06 B 0.84 A ns ** ns

Acetone 3.25 A 5.35 A 0.61 B 0.58 B 11.0 A ns *** ns

Carbon disulfide 0.61 A 0.74 A 0.33 B 0.70 A 0.95 A ns *** ns

Isopropyl alcohol 0.05 A 0.06 A 0.04 A 0.06 A 0.07 A ns ns *

Isoprene 0.66 A 0.30 A 0.03 B 1.10 A 0.36 AB ns * ns

Pentane 0.63 A 0.68 A 0.57 A 0.80 A 0.59 A ns ns *

1-Propanol 0.19 A 0.33 A 0.01 B 0.03 B 0.70 A ns ** ns

2-methyl-2-propanol 0.25 A 0.20 A 0.04 B 0.14 B 0.49 A ns *** ns

2-methylfuran 0.44 A 0.23 B 0.04 C 0.26 B 0.72 A *** *** **

3-methylfuran 0.45 A 0.52 A 0.16 C 0.40 B 0.86 A ns *** ns

2-butanone 0.44 A 0.42 A 0.04 B 0.17 B 1.04 A ns *** ns

1-propanethiol 2.06 A 0.34 A 0.12 A 3.16 A 0.57 A ns ns ns

Hexane 0.11 A 0.13 A 0.02 C 0.10 B 0.24 A ns *** ns

Acetic acid 4.91 A 4.88 A 0.12 B 0.14 B 13.9 A ns *** ns

2,5-dimethylfuran 0.24 A 0.17 A 0.03 B 0.10 B 0.48 A ns *** ns

Pentanal 0.13 A 0.21 A 0.02 B 0.03 B 0.43 A ns *** ns

2-pentanone 0.13 A 0.13 A 0.02 B 0.02 B 0.34 A ns *** ns

Methyl propyl sulfide 1.55 A 0.43 A 0.16 A 2.61 A 0.37 A ns ns ns

(Z)-methyl 1-propenyl sulfide 0.19 A 0.12 A 0.02 A 0.24 A 0.21 A ns ns ns

Dimethyl disulfide 5.06 A 2.19 A 1.05 A 5.09 A 5.03 A ns ns ns

Heptane 0.13 B 0.47 A 0.05 A 0.34 A 0.44 A * ns ns

Hexanal 0.70 A 1.10 A 0.21 B 0.17 B 2.18 A ns *** ns

3,4-dimethylthiophene 0.07 A 0.05 A 0.01 B 0.03 B 0.13 A ns *** ns

Methyl 1-propenyl disulfide 0.40 A 0.20 A 0.03 B 0.17 AB 0.72 A ns * ns

Methyl propyl disulfide 3.17 A 0.72 A 0.30 A 4.69 A 1.20 A ns ns ns

Total volatiles 19.6 A 22.1 A 4.54 B 8.57 B 47.0 A ns *** ns

aThe volatiles were collected during the first week of storage when all bulbs were free of top sprouts and secondary roots
bThe results are from two-way ANOVA with interaction
cMeans with different letters within row indicate significant differences between cultivar or temperature
d*Significant at P B 0.05, **Significant at P B 0.01, ***Significant at P B 0.001, and ns not significant (P[ 0.05)

J Food Sci Technol (June 2019) 56(6):2940–2948 2945

123



48% decrease) and from 4.40 to 1.06 nmol kg-1 day-1 at

25 �C (a 76% decrease). Hexanal is formed by oxidation of

linoleic acid, which is one of the major fatty acid in onions

(Tsiaganis et al. 2006). Overall, the emission rate of more

than half of the VOCs decreased with time in storage (data

not shown). Lower VOC emission rates with time in stor-

age at a given temperature may thus be an indicator for

advanced senescence and reduced quality and pungency of

onion bulbs.

Increased volatile emission with diseased onions

Diseased onion bulbs had higher total VOC emission rates

with time in storage than healthy bulbs at all temperatures

except for ‘Hoza’ infected with B. cepacia at 15 �C (data

not shown). This result is in accordance with the studies by

Vikram et al. (2005) and Sinha et al. (2018) on onion bulbs

stored at 4 and 25 �C. Overall, the VOC emission rate of

propene, carbon disulfide, isoprene, pentane, 2-methylfu-

ran, 3-methylfuran, 1-propanethiol, hexane, and methyl

propyl disulfide increased during storage of ‘Hystand’

infected with B. cepacia (Fig. 2). Of these compounds,

carbon disulfide, pentane, 2-methylfuran, 3-methylfuran,

and methyl propyl disulfide have previously been related to

senescence and microbial decay of wild rocket and onion

bulbs (Banwart and Bremner 1975; Luca et al. 2017;

Nielsen and Jonsson 2002; Sinha et al. 2018). Additionally,

the total VOC emission rate increased during storage of

‘Hystand’ infected with F. oxysporum (data not shown),

especially due to an increase in isoprene emission

(Fig. 2c). Isoprene is an important antioxidant protecting

membranes against oxidation (Loreto and Velikova 2001),

but isoprene may also be related with growth of Erwinia

herbicola and species of Bacillus and Pseudomonas (Eff-

mert et al. 2012). Overall, microbial infections resulted in

higher VOC emission rates in all samples except for ‘Hoza’

infected with B. cepacia at 15 �C, which had a VOC profile

that was like the profile of healthy ‘Hoza’ and ‘Hystand’

bulbs stored at the same temperature (Fig. 2). These find-

ings may indicate the bulbs of ‘Hoza’ had an early infec-

tion of B. cepacia at week 12. Wang et al. (2019) reported

similar results for ‘Summit’ bulbs 1 week after artificial

inoculation with pathogenic F. oxysporum f. sp. cepae.

These bulbs had visual symptoms but no increase in the

VOC emission rates.

Conclusion

Onion bulbs emit many different low-boiling volatile

organic compounds (VOCs) into the headspace during

storage that can be sampled by SPME, separated on a HP-

PLOT/Q column, and identified by GC–MS. Twenty-nine

VOCs were extracted from fresh onion bulbs during stor-

age, of which thirteen were reported for the first time from

yellow onion bulbs. Temperature affected the VOC emis-

sion rate as more VOCs were emitted at 25 �C than at 4 �C
and 15 �C. In contrast, cultivar had a minor effect on the

VOC emission rates. The emission rates of total volatiles,

acetone, dimethyl disulfide, and hexanal decreased during
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Fig. 1 Emission rates of total

volatiles (a), acetone (b),
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storage of healthy onions at

4 �C and 25 �C. Data are

presented as the mean

values ± standard error (n = 5)
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storage of healthy bulbs regardless of temperature. In the

contrary, microbial infection resulted in higher emission

rates of propene, carbon disulfide, isoprene, pentane,

2-methylfuran, 3-methylfuran, 1-propenethiol, hexane, and

methyl propyl sulfide in all infected bulbs except for

‘Hoza’ infected with B. cepacia at 15 �C, which had sim-

ilar VOC emission rates as those of the healthy control

onions. This result indicates that VOCs emission may be

used to monitor quality changes related to natural senes-

cence and microbial decay of onion bulbs during storage.
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