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Analysis of methodologies for the study of composition and biochemical 
carbohydrate changes in harvest and postharvest onion bulbs 

Análisis de metodologías para el estudio de la composición y cambios bioquímicos de 
carbohidratos en bulbos de cebolla a la cosecha y  postcosecha 

Abrameto MA, CM Pozzo Ardizzi, MI Gil, LM Molina 

Abstract. Costly investments in storage and transport of onion 
bulbs makes it increasingly important to identify cultivars with the 
best chance of long-term storage. This paper discusses our own and 
other researchers’ results and laboratory procedures on onion’s pun-
gency, soluble solids, dry matter, respiration rate, carbohydrates and 
catabolism-related enzymes under different storage conditions. The 
variability in parameters such as carbohydrate composition, pun-
gency, soluble solids and soluble uronic acid concentration in wa-
ter is growth dependent, and defines the quality of onion bulbs at 
harvest time. During storage, these parameters can be modified by 
environmental conditions, presence of pathogens or termination of 
dormancy. Under postharvest conditions, indicators of dormancy are 
usually measured as percentage of either root emergence or sprout-
ing. Biochemical and physiological parameters such as decreases in 
sucrose levels and increases in (1) respiration rates, (2) exo hydrolase 
activity, and (3) bulb-softening enzyme rates (polygalacturonase poly 
methyl esterase) signal the end of dormancy. However, more research 
is needed on environmental and chemical factors that reduce the rate 
of bulb sprouting. 

Keywords: Allium cepa L.; Respiration rate; Sprouting; Ethylene; 
Non-structural carbohydrates; Enzyme activity.

Resumen. Costosas inversiones en almacenamiento y transporte 
de  bulbos de cebolla destacan la importancia de identificar cultivares 
con las mejores  posibilidades de almacenamiento a largo plazo. En 
este trabajo se discuten procedimientos de laboratorio y resultados 
propios u obtenidos por otros autores que incluyen la cuantificación 
de pungencia, sólidos solubles, materia seca, tasa de respiración, car-
bohidratos, y enzimas relacionadas con el catabolismo en bulbos de 
cebolla expuestos a diferentes condiciones de almacenamiento. La 
variabilidad en parámetros como la composición de carbohidratos, 
pungencia, sólidos solubles y concentración de ácido urónico soluble 
en agua  es  cultivar dependiente, y define  la calidad  de los bulbos de 
cebolla en el momento de la cosecha. Dicha calidad puede ser mo-
dificada por las condiciones ambientales, presencia de patógenos o 
fin de la dormancia durante el almacenamiento. En post-cosecha, los 
indicadores del estado de dormancia son usualmente medidos como 
porcentaje de emergencia de raíces o de brotación. Señales bioquími-
cas y fisiológicas tales como disminuciones en los niveles de sacarosa, 
o incrementos en (1) la tasa de respiración, (2) la actividad exohidro-
lasa, o (3) las tasas de ablandamiento del bulbo por las enzimas poli-
metilesterasa y poligalacturonasa señalan el fin de la dormancia. Sin 
embargo, es necesario continuar investigando acerca de los factores 
ambientales y químicos que disminuyen el porcentaje de brotación.

Palabras clave: Allium cepa L.; Tasa de respiración; Brotación; 
Etileno; Carbohidratos no estructurales; Actividad enzimática.
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INTRODUCTION
Many commercial onions (Allium cepa L.) are stored be-

fore marketed, but cultivars differ in their storage capability. 
The aim of onion bulb storage is to cover consumer demands 
and extend the availability of onions in time, keeping qual-
ity of product at the same time. Main factors which pro-
duce deterioration of onion bulbs during storage are (1) the 
pre and postharvest environmental conditions (O’Connor, 
1979), and (2) biological factors (like respiration, resump-
tion of growth and pathogen attack). Class “I” onions must 
not show any signs of external sprouting (Regulation Com-
mission 1508/2001/EEC). Early signs of external shoot 
growth are allowed in Class “II” onions provided that ei-
ther the number or weight does not exceed 10% per unit of 
presentation (Chope, 2006). Bulbs with any scale of water 
and/or bacterial or fungal rots are considered inadequate for 
marketing (Pozzo Ardizzi et al., 2008).

Many biochemical changes take place during storage, and 
some of them are linked to bulb’s respiration. These changes 
can be in water (Corgan & Kedar, 1990) and carbohydrate 
content, flavor compound concentration, and plant growth 
regulators (Chope et al., 2006). 

It is important to maintain the air relative humidity (RH) 
low enough to avoid or control pathogen’s development 
(roughly < 80% RH). 

Cultivar specific weight losses between 2-5% of fresh weight/
month have been recorded during the first month of storage 
(Koopsell & Randle, 1997; Gubb & MacTavish, 2002).  

The relatively low initial rate of weight loss represents loss 
of water through the skin, and low-level respiration rates of 
dormant bulbs. This is followed by a change to steeper slopes, 
indicating more rapid weight losses, associated with sprout 
growth initiation and the senescence of older, fleshy scales 
(Gubb & MacTavish, 2002). 

Sugar metabolism is linked to bulb dormancy and the state 
of sprouting (Kato, 1966). Variations in monosaccharide and 
disaccharide levels have been previously reported in onion 
bulbs during storage (Suzuki & Cutcliffe, 1989; Benkeblia et 
al., 2002; Benkeblia et al., 2004). However, the relationship 
between variation in sugar levels and physiological factors is 
not clearly understood.

Fructans are accumulated during the bulb developmental 
stage. Then, they are metabolized during regrowth and sprout 
of the bulbs. However, the enzymatic processes involved, or 
the mechanisms by which they contribute to long bulb main-
tenance are still poorly understood (Shiomi et al., 2005).

Another change in the bulb biochemistry that modifies its 
quality in storage is the softening of tissues. This is produced 
by the hydrolysis of the pectin portion of the bulb cell walls 
through pectolitic enzymes.

This paper summarizes some methods developed to quan-
tify mono and disaccharides, fructooligosaccharides and fruc-

tans, respiration rates, and enzymes such as polygalacturonase 
or fructo-hydrolases. This allows to get information about 
compositional changes produced during storage that modify 
onion quality.

Pungency and soluble solid content 
Onions give off a very strong smell when they are cut. This 

is because the cellular disruption releases the enzyme allinase 
from the vacuoles, and disruption of sulfur-amino acids [known 
as S-alk(en)yl cysteine sulfoxides (ACSOs)] take place in the 
cytoplasm  (Block, 1992). This reaction produces three natu-
ral compounds: 1-propenyl cysteine sulfoxide (1-PrenCSO) 
that is produced in high concentrations and dominates the 
flavour profile, Methyl cysteine sulfoxide (MCSO), and Pro-
pyl cysteine sulfoxide (PCSO). Two measurable intermediates 
leading to ACSO synthesis are S-2-carboxypropyl glutathione 
(2carb) and γ-L-glutamyl-S-(1-propenyl)-L-cysteine sulfox-
ide (GPECSO). Pyruvate and ammonium are non-flavour 
products of this enzymatic reaction (Block, 1992).

Pyruvic acid level, as an index of onion pungency, has be-
come a routine procedure to ensure the quality of onions for 
both shippers and consumers. 

Pyruvate produced by hydrolysis of the ACSOs can be esti-
mated using dinitro phenyl hydrazine (DNPH) (Schwimmer 
& Weston, 1961).  Absorbance of pyruvate phenilhydrazone 
is measured spectrophotometrically at 420 nm after mixing 
onions with water (1+1), filtering, centrifugation and dilution 
before analysis. Randle & Bussard (1993 b) developed a fast 
juice extraction method using a pneumatic press, eliminating 
blending bulb tissues with water. Several drops of fresh juice 
can be used to measure soluble solid content with an optical 
refractometer (Kopsell & Randle, 1997).

Yoo & Pike (1999) used the same principle as the original 
Schwimmer and Weston (1961) method. Included in the sys-
tem, there are two high performance liquid chromatography 
(HPLC) pumps, an autosampler, a column heater, a spectro-
photometer detector and an integrator. This automated sys-
tem showed highly significant correlations with HPLC and 
the spectrophotometric method.

Recent technologies have developed meldolas blue elec-
trodes. These have been considered the best sensors for de-
tection of pyruvate with amperometers in untreated onion 
juice (Abayomi et al., 2006). There was a strong correlation 
between the sensor response and pyruvate concentration 
from onion cultivars (2-12 µmol/g FW), measured with 
the modified Schwimmer & Weston (1961) spectrophoto-
metric assay. 

After alliinase is deactivated using a microwave, the back-
ground level of pyruvic acid in onion can be measured. Re-
cent works have confirmed that these background levels were 
minimal (Allium species are similar and do not normally ex-
ceed 1 µmol/ml), and can be disregarded in routine pungency 
analysis (Yoo & Pike, 2000; Randle & Bussard, 1993a).
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Pungency values [from enzymatically developed pyruvate 
(EPY)] have ranged between 3-17 µmol/g of fresh tissue 
(Randle, 2000). However, values above 9 µmol/g are consid-
ered extremely pungent.

Pungency can differ among cultivars before and during 
storage. Among new cultivars, EPY either decreased or in-
creased linearly with storage duration. In intermediate and 
long-day cultivars, grown and stored under the same environ-
mental conditions (bulbs harvested from greenhouse-grown 
plants, cured and stored for 2 to 6 month at 5 °C), EPY de-
creased linearly or quadratically during storage while soluble 
solids decreased linearly over time. In storage at low O2 (2.0 
kPa) and high CO2 (8.08 kPa) concentration, the activity of 
alliinase might decrease (Uddin & Mac Tavish, 2003).

In the Valle Inferior del Rio Negro, Patagonia, Argenti-
na, onion bulbs are accumulated in the field until their sale. 
However, good quality of onion bulbs during the storage pe-
riod cannot be assured. Losses caused by post-harvest onion 
diseases ranged between 20 to 90% depending, among other 
things, of the general bulb state when they get into the piles 
(maturity, neck closure, impurities); they also depend upon 
the care put into the construction of the structures (orienta-
tion, ventilation, Pellejero et al., 2005). 

There were significant differences in pungency between on-
ion cultivars (p<0.001, d.f.: 4.60) and storage period (p<0.001, 
d.f.: 3.60) treatments when five cultivars with a storage period 
of 90 days were compared in 2007 (Fig. 1). The interaction test 
was significant (p<0.001, d.f.: 12.60). This indicates a different 
effect of the concentration of pyruvate in each cultivar at each 
storage time. After 30 days of storage, all cultivars increased 
the pyruvate concentration. Antartica Inta (A. Inta) classified as 
highly pungent, while the remaining cultivars maintained mod-
erate pungency until the end of the storage period (Fig. 1). 

Total soluble solid (TSS) concentration changed significant-
ly over time. Two-ways-ANOVA showed a main effect of culti-
var (p<0.001, d.f.: 4.60) (Fig. 1). The highest TSS concentration 
was observed in A. Inta, and the lowest in Grano Oro (G Oro) 
(Tukey test, p<0.05, d.f.: 72). There was no evidence of interac-
tion between (1) onion line and (2) storage time on bulb.  G 
Oro and Cobriza showed a maximum TSS concentration after 
30 days of storage. Valuno and Valcatorce showed highest values 
after 60 days, although these changes were not significantly dif-
ferent. There was only an increase in bulbs of A Inta between 30 
and 60 days of storage (Tukey test p=0.05, d.f.: 12) (Fig. 1).

Respiration and sprout suppression 
During the post harvest period, producers try to conserve 

the bulbs under controlled environmental conditions to avoid or 
minimize chemical and physical changes. Management of tem-
perature and relative humidity can decrease the general metabo-
lism rate; especially, the respiration rate under air conditions.

Respiration rates can be measured using whole onions, 
without any cold treatment. This can be achieved either by 
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Fig. 1. (A) Changes in Pungency and mean monthly temperatures, 
and (B) Total Soluble Solids (TSS) in onion bulb cultivars stored during 
90 days  under  field  conditions (n=4, 10 bulbs for each sample).
Fig. 1. (A) Cambios en Pungencia y temperaturas medias mensuales, y 
(B) Sólidos Solubles Totales (TSS) en bulbos de cultivares de cebolla al-
macenados durante 90 días en condiciones de campo (n=4, 10 bulbos 
por cada muestra) . 

(1) the glass jar technique, using gas chromatography to mea-
sure the carbon dioxide produced in the closed system, or (2) 
oxygen removal from the storage environment (Benkeblia & 
Shiomi, 2004). At harvesting time, and at several post-harvest 
intervals, bulbs can be incubated in glass vessels during 2 to 
5 hours, under air conditions at 5 °C. After this incubation 
period a gas sample is removed and run by the gas chroma-
tography (Peiris et al., 1997). The GC can be calibrated with 
10% CO2, 2% O2, 88% N2, employing the hot wire detector 
(Chope et al., 2007).

The respiration rate is expressed as mmol CO2/kg/h. Thus, 
if we know the rate of dry matter loss (expressed in glucose 
g/day/kg fresh weight), respiration rate can be estimated, 
considering that for each 180 g of glucose oxidized, 264 g of 
carbon dioxide are produced. Then, the potential storage life 
of the product can be estimated. An increase in respiration 

Biochemical changes in post-harvest onion bulbs
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rate corresponds to the break of dormancy, and the start of 
sprouting even though the sprouts have not emerged from 
the necks. Some measures of mean respiration rates were in 
the order of 0.1655, 0.0999 and 0.1045 mmol CO2/kg/h on 
onion cultivars SS1, Carlos, and Renate, respectively (Chope 
et al., 2007). 

Pegasus cultivar had 60% sprouting at harvesting time 
while other varieties required 60 days of storage at 6.6 °C and 
82% air relative humidity to reach similar levels (Coolong et 
al., 2008).  The time taken for 50% bulb sprouting at a storage 
temperature of 4 °C was 30 days in cultivars SS1 and 107 days 
in cultivar Hysam; an increase in storage temperature to 20 °C 
reduced this time between 7 to 65 days, respectively (Chope 
et al., 2007). Benkeblia & Shiomi (2004) reported that the 
respiration rate of sprouted onions was 52% higher than that 
in freshly harvested and dormant bulbs. Respiration rates of 
Rouge Amposta bulbs were 0.08 mmol CO2/kg/h, 60 days af-
ter transfer from 0 °C (during 4 weeks) to 20 °C in darkness. 

Use of controlled atmospheres (CA) (e.g., 5 kPa CO2 and 
3 kPa O2) in the storage environment can inhibit sprouting of 
the bulbs and reduces weight loss (Yoo & Pike, 1996). Onions 
removed from CA after a 20-day-treatment had greater res-
piration rates (0.1822 mmol CO2/kg/h) than those removed 
from air storage (0.0703 mmol CO2/kg/h) (Chope et al., 
2007). 

Abdel-Rahman & Isenberg (1974) reported that endog-
enous ethylene increased at the end of dormancy suggesting 
that ethylene may have a role in sprouting. 1-methylcyclopro-
pene (1-MCP) binds to ethylene-binding proteins, then pre-
venting ethylene effects. Sprouting length, expressed as a per-
centage of bulb height, was smaller in onions SS1 treated with 
1-MCP than in untreated onions stored at 4-12 °C, but not 
when they were stored at 20 °C  (Chope et al., 2007; Chope 
et al., 2008). Continuous exogenous ethylene treatment in 
bulbs of cv “Copra” inhibited sprouting in onions stored at 
18 °C by inhibiting leaf blade elongation. This effect disap-
peared when ethylene was removed. In contrast, treatment of 
dormant bulbs with 1-MCP caused breaking of dormancy 2 
weeks before natural dormancy (Bufler, 2009).

Non-structural carbohydrates
Non-structural carbohydrates (NSC) in Allium spp include 

sucrose, fructose, glucose and various oligosaccharides, such 
as the fructans. Starch and raffinose are absent in this species 
(Benkeblia et al., 2002). 

In cultivars with low, medium and high dry weight per-
centages, total non-structural carbohydrates represent a fairly 
constant percentage (83 to 88%) of dry weight (Darbyshire & 
Henry, 1979). 

Fructans are the reserve polysaccharides in several alliance 
species, including onion. These are a series of homologous oli-
go and polysaccharides of fructose, which are formed by the 
successive additions of fructosyl groups, bounded by β linkage 

at the position of sucrose. The degree of polymerization (DP) 
can vary among Allium’s species. In onion, the fructans DP is 
between 3 and 15 (GFn, G: glucosyl, F: fructosyl, n>2). The 
DP is correlated with dry matter (DM) content; low-DP of 
DM content are <10%, while maximum DP of DM% are 15-
20 (Ernst et al., 1998). 

Table 1 lists papers published on the analysis of non-
structural carbohydrates from onion, indicating the applied 
methods. Total NSC ranged from 20.1 to 3.08 g/100 g fresh 
weight (FW) (Randle, 1992). These concentrations are repre-
sentative of genotypic differences previously reported for dry 
matter accumulation in onions (Darbyshire & Henry, 1979). 
Results from total NSC measured colorimetrically on mar-
ketable cultivars developed in Argentina were from 1.39% to 
2.94% (FW) at harvest. After 3 months of storage under field 
conditions, all cultivars had increased significantly in this con-
tent: 4.9 % to 6.8% (FW) (Pozzo Ardizzi et al., 2005).

Glucose, fructose and sucrose have been separated either 
by using High-performance liquid chromatography (HPLC) 
and a differential refractometer detector (Benkeblia et al., 
2004, Benkeblia & Shiomi, 2004; Jaime et al., 2002), or deter-
mined by HPLC and monitored by light-scattering detectors 
(LSD) (Kahane et al., 2001, Terry et al., 2005). 

 In the United Kingdom, cultivars SS1, ESS1, and Buf-
falo were classified as LDM, low pungency onions, mono-
saccharides-dominated. At the same time, Domenica, Ele-
ment, Radar, and Shakespeare were HDM, medium to high 
pungency, disaccharide-dominated (Terry et al., 2005, Davis 
et al., 2007).

In 2007, we used the modified procedure of capillary GC 
analysis of major sugars from onion extracts following Chap-
man & Horvath (1989). Cultivars Valcatorce Inta and Grano 
de Oro had similar characteristics and showed differences in 
fructose and glucose levels with respect to Antártica INTA. 
At the same time, Antártica INTA showed evidence of sig-
nificant differences in high soluble solids and low NSC with 
respect to the previous group (Table 2) (Gil et al., 2009).

The fleshy part of the onion bulb is the richest tissue in 
NSC. In some cultivars, fructans are the main carbohydrates, 
increasing from the outer to the inner fleshy leaves (the young-
est leaves). The reducing sugar/sucrose ratio is highest in the 
older, outer leaves when comparison is made with the inner, 
fleshy leaves ( Jaime et al., 2000; Darbyshire & Henry, 1978).

There are different results regarding the relation between 
NSC storage patterns and DM. Kahane et al. (2001) showed 
in low and high DM accessions that cultivars expressed dif-
ferent profiles of NSC for similar DM. They speculated that 
this was probably based on a genetic regulation for fructan 
accumulation, complementary to osmoregulation of the cell 
(Derbyshire & Henry, 1979). High DM cultivars showed 
highest accumulation of fructans over whole bulbing period, 
whereas low DM cultivars quickly reached a plateau (Kahane 
et al., 2001). As DM and NSC distributions before bulbing 
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References Analysis Plant material Extraction Quantification methods Cvs Storage 
condition

Darbyshire & 
Henry, 1978

Free glucose

Free and com-
bined fructose

Total NSC

Transverse sec-
tions 5 bulbs

Ethanol  
80% v/v

Separation  gel permeation 
chromatography Bio gel P-2, 
400 mesh , eluted with water
Glucose oxidase/peroxidase

Resorcinol

Phenol-sulphuric 

Cream Gold syn. 
Pukekohe 
Longkeeper

Not stored

Randle, 1992 Sucrose
Fructose
Glucose 

Total fructose
Fructans

Fresh tissue
v/v with water

Equivalent 
weights of 
water

Before and after  invertase 
digestion using p-hydroxy-
benzoic
acid hydrazide.

2-thiobarbituric acid.

60 plants from 
Northeastern 
Regional  U.S. 
Plant Introduc-
tion 
National 
Institute of Ag-
ricultural Science 
Japan
 commercial cv

20 °C
4 weeks

Jaime et al., 
2000

Reducing 
sugars 

Fructans

FD tissues 
whole onion
Inner part
Outer leaves
Bottom
Top
Brown skin

Ethanol 70% 
v/v (or 80%)
refluxed 1 h
re-extracted
four times 
or five times 
more 

Colorimetric method after 
Enzimatic treatment with 
Novozym 230 
HPLC-RID
Aminex HPX-42C column
Mobile phase DI water
Flor rate:0.5 ml/min

Hysam Not stored

Kahane et al., 
2001

Sucrose
Fructose
Glucose 
Fructans

Basal parts FD
48 hs

Ethanol  
80% v/v
refluxed 1 h 

HPLC-ELSD   
Si NH2 Spherisorb
elution gradient acetonitrile 
water 
80:20; 75:25; 
80:20 v/v

Odorless
YSSUJ
Sweet Onion
NIZ
Bessanovski
Vsetatska
Spirit SWG
Shallot sante
Jumbo
Sweet Vidalia

Field
2 weeks

Benkeblia et 
al., 2004

Sucrose
Fructose
Glucose 

Fructans

FD Water 
heated
0.5 h in 
boiling water 
bath

HPLC- DRD 
Polyspher CH CA column
Mobile phase DDI water
Flor rate:0.5 ml/min

HPLC-PAD carbohydrates 
column PA1 gradient elution 
NaOH and Na acetate
Flor rate: 1.0 ml/min

Jaune d’Espagne After inonizing 
treatment
24 weeks
4 °C 85% RH
10 °C 80% RH
20 °C 65% RH

Table 1. Methods developed for the analysis of non structural carbohydrates from onion in the last thirty years.
Tabla 1. Métodos desarrollados en los últimos 30 años, para el análisis de carbohidratos no estructurales de cebolla.
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Kaack et al., 
2004

Sucrose
Fructose
Glucose 

Fructans

FD UP boiling 
water

HPAEC-PAD
carbo pack PA1 column
gradient elution NaOH and 
Na acetate
Flor rate: 1.0 ml/min

Hyton 75-80% RH: 
5 °C
12-24 weeks
1 °C
24-40 weeks

Terry et al., 
2005

Sucrose
Fructose
Glucose 

Equatorial slices 
from 10 bulbs
FD

Ethanol  
80%  v/v
refluxed 1 
hour 

HPLC-ELSD
Novapack-NH2 reverse 
phase column
Mobile phase acetonitrile 
water 80:20 v/v
Flor rate: 2.0 ml/min

SS1, 
Buffalo  Shake-
speare

Not stored

Pozzo Ardizzi
et al., 2005

Total NSC Fresh tissue
v/v with water

0.5 ml of 
slurry ex-
tracted in 7.5 
ml 95% (v/v) 
ethanol

Phenol-sulfuric acid  Colori-
metric method

Antártica  INTA
Valcatorce INTA
Navideña INTA
Cobriza INTA
Valuno INTA

Under field
Conditions 
12 weeks

Gil et al., 
2008

Sucrose
Fructose
Glucose 

Corers from 10 
bulbs

FD tissues

80% metha-
nol (v/v)

GC-FID Capillary Column
Column T:  -60 -325 °C
Injector T, detector T: 250-
300 °C respectively
Oven 
150-180 4 °C/min 30s
180-193 1 °C/min 30s
193-280 7 °C/min 10min
He,  column flow  1.7 ml/
min

Antártica Inta 
HDM
Valcatorce Inta 
and Grano Oro 
LDM 

Harvest time

Davis et al., 
2007

Sucrose
Fructose
Glucose 

Fructans

Equatorial slices 
from 10 bulbs
FD tissues

62.5% 
methanol 
(v/v)

HPLC -ELSD 
Dionex STH column 
Mobile phase: water 
Flow rate: 0.6 ml/min

MALDI MAS
2,4,6-trihydroxyacetophe-
none
matrix

SS1, ESS1,  Buf-
falo  LDM , 
Domenica, 
Element, Radar,  
Shakespeare   
HDM

Harvest time,

after curing 
and after 2 
months of 
storage

FD: Freeze-dried; DI: deionized water; NSC: non structural carbohydrates; UP: ultra pure; LDM: low dry matter; HDM high dry matter.
HPLC: high performance liquid chromatography; HPAEC: high performance anion exchange chromatography.
DRD: differential refractometer detector RID: refractive index detector.
PAD: pulsed amperometric detector, ELSD: evaporative light scattering MALDI MAS: Proteomics analyzer.

FD: Secado por congelamiento; DI: agua desionizada; NSC: carbohidratos no estructurales totales; UP: ultra pura; LDM: poca materia seca; HDM: alta 
materia seca.
HPLC: cromatografía líquida de alta performance; HPAEC: cromatografía de intercambio aniónico de alta performance.
DRD: detector de refracción diferencial; RID: detector de índice de refracción.
PAD: detector de amperímetro de pulsación; ELSD: dispersión de luz evaporativa; MALDI MAS: analizador de proteínas.
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were similar for all accessions, they suggested that it would 
be better to distinguish differences between fructan accumu-
lator cultivars versus non-accumulators. However, Sinclair et 
al. (1995) obtained different results. Matrix correlations had 
shown negative correlations between DM and FRU/GLU, 
but positive correlations between DM and fructans (Kahane 
et al., 2001; Randle, 1992).  

At present, new techniques such as (1) HPLC with refrac-
tive index or pulse amperometric detection, (2) mass spectrom-
etry ( Jaime et al., 2000), or (3) fructan assay kit (Megazime, 
Co. Wicklow, Ireland) (O’Donoghue et al., 2004) have been 
used to quantify fructans and fructoologosaccharides (FOS).

After 6 months of storage in a refrigerated chamber at 15 °C 
and 45% relative humidity, total both FOS and carbohydrates 
showed similar variation. Total FOS decreased progressively 
at an average rate of 1072 µg/g fresh weight/week. Total car-
bohydrates increased during the first 6 weeks, but after that 
they decreased progressively at an average rate of 1386 µg/g 
fresh weight/week (Benkeblia et al., 2005).

The total concentration of simple sugars can be calculated by 
adding the concentrations of fructose, glucose and sucrose. Chope 
et al. (2006) reported a total sugar (sucrose+glucose+fructose) 
decrease during storage at (1) temperatures between 4 
°C to 20 °C, and (2) two fold greater concentrations in 1-MCP 
(1-methylcyclopropene) -treated onion stored at 12 °C than on 
untreated bulbs in cultivar SS1. 

Fructan hydrolysis during storage is catalyzed by FEH 
(fructan exohydrolases) that remove fructosyl residues from 
the non-reducing end of fructan molecules, and occurs with 
increasing activities from internal to external leaves. Exo-
hydrolases are β-(2-6) linkage specific, and the distribution 
of fructan obtained by hydrolysis has occurred for 1-ketose 
(GF2), nystose (GF3) and 1-β-D-fructofuranosylnistose 
(GF4) (Kaack et al., 2004).

The fructose content can be quantified by GC using the 
carbohydrate Chapman and Horvath’s modified procedure as 
was described previously (Chapman & Horvath, 1989).

The extraction of 1-fructan exohydrolase can be measured 
from fresh bulb tissue with Citrate/Phosphate buffer (pH 
5.0). The slurry must be filtered and centrifuged in ultra cen-

trifuge. The supernatant must be filtered again through Mi-
crocon centrifugal device (10,000 Molecular Weight cut off ). 
After washing the filter with Citrate/Phosphate buffer, the 
protein can be suspended in Citrate/Phosphate buffer, pH 5.0 
(Coolong, personal communication).

To assay the enzyme activity, it needs to be incubated at 
30 °C for 2 hours in Inulin in a citrate/phosphate buffer. To stop 
the reaction after this time, heat in a boiling water bath. Stan-
dard Phenyl β-D phenyl glycoside and samples must be boiled, 
and continue with the three steps to carbohydrates analysis. 

Few investigations are focused on FEH in onion bulbs. 
Benkeblia et al. (2005) characterized enzyme activities during 
postharvest time by a peak. The peaks of degrading enzymes 
activities (FEH) and 1-kestose hydrolyzing enzyme may be a 
signal of the release of bulb dormancy, after long-term stor-
age and the start of sprouting stage (Benkeblia  et al., 2005). 
These authors (Benkeblia  et al., 2004), showed that onion 
bulbs with ionizing treatment, after 6 months at 20 °C, had 
DP 5-12 fructans that were strongly hydrolyzed in cultivar 
Jaune d’Espagne. Between 4°and 10 °C, slight degradation of 
these polymers occurred, and there was a slight accumulation 
of tri and tetra saccharides. 

Fructan concentrations in bulb samples of cultivars Renate, 
Ailsa Craig and SS1, with long, medium and short storing, 
stored under CA conditions (2 °C, 3.03 kPa CO2 and 5.05 
kPa O2) were significantly different. Cultivars with long stor-
age had the highest proportion of fructans/g dry matter (DM) 
( Jaime et al., 2000; Chope et al., 2006), and these significantly 
changed over time. Two other cultivars were not significantly 
different over time (Chope et al., 2006).

Pectolytic enzymes 
Textural changes may occur because insoluble polyuronide, 

which contributes substantially to cell wall integrity and firm-
ness, is converted to more soluble forms (Gross, 1982).  The on-
ion cell wall at harvest is usually about 2% of fresh weight. After 
ten weeks of storage, 40% of the cell wall has been degraded. 

That significant softening occurs in onion tissue during 
refrigerated storage. This transformation is facilitated by the 
pectolytic enzymes [e.g., pectin methyl esterase (PME, EC 
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Cvs Fructose 
mg/g DW

Glucose 
mg/g DW

Sucrose 
mg/g DW

F+G/S Total CH 
mg/g DW

SS 
(° Brix)

Pungency
µm/g FW

Antártica I 15.85a 28.78a 10.78a   4.73a   55.4a 15.08a 1.5a

G Oro 66.28b 87.30 14.78a 12.10a 168.4b 8.25b 1.3a

Valcatore 52.13ab 68.58   8.0a 17.49a 128.7b 8.80b 1.0a

MSD 0,05 37.437 30.344 7.874 14.495 63.109 1.139 1.665
Results obtained from 4 samples (10 bulbs each sample) for each cultivar. SS soluble solids.
Different letters indicate significant differences  (p=0.05) by Tukey’s test.

Table 2. Mean concentration of reducing sugars, sucrose, soluble solids and pungency in onion bulbs under pre-storage conditions in the Low 
Valley of Rio Negro. 
Tabla 2. Concentraciones medias de azúcares reductores, sacarosa, sólidos solubles y pungencia en bulbos de cebolla antes del almacenamiento en 
el Valle Inferior de Río Negro.
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3.1.1.11)]. These enzymes produce the hydrolysis of carboylix 
esters of polygalacturonic acid; then, the galacturonic acid chains 
may be hydrolized by polygalacturonase (PG, EC 3.2.1.15).

Polygalacturonase assay can be done by 2-cyanoacetamide 
method (Coolong et al., 2008; Gross, 1982). Polygalacturonase 
(PG) activity assay of onion is based on the hydrolytic release of 
reducing groups (D-galacturonic acid residues) from polygalac-
turonic acid producing tissue softening (Coolong et al., 2008).

Enzymatic extraction from fresh tissue is blended with 
NaCl. The slurry has to be filtered through cheesecloth, ul-
tra centrifuged and transferred to a Millipore filtering vial for 
centrifugation to low temperature. The pellet has to be washed 
and centrifuged with Na-Acetate pH 4.4. After washing and 
micro centrifugation without low temperature, the proteins 
fall into the vial. The samples must be boiled to stop the en-
zymatic activity. The reaction mixtures containing enzyme 
extracts or blanks, (in buffer Na acetate, pH 4.4) plus 0.2% 
polygalacturonic acid, are incubated at 30 °C.

The amount of reducing groups formed may be calculated 
using a standard curve of mono D-galacturonic acid assum-
ing that the concentration of this acid is proportional to the 
concentration of reducing groups. To estimate the released 
reducing groups, reactions are finished adding borate buffer 
(pH 9) and 2-cyanoacetamide in the entire vials (samples, 
blanks, standard) and immersing it in a boiling water bath. 
After equilibration to 25 °C, the absorbance is measured at 
276 nm using an UV-spectrophotometer. 

In tomatoes, PME has been shown to catalyze the de-
esterification of pectin that subsequently is a substrate for 
PG, catalyzing the hydrolytic cleavage of the α-1,4-glycosidic 
bonds. In other way, controlled activity of PME with selec-
tive PG inactivation can result in some benefits like texture 
improvement (Rodrigo et al., 2006).

Coolong (2008) reported that the firmest onion bulbs at 
harvest had the thickest cell wall, highest levels of both dry 
matter and total uronic acid. The poor-storing cultivars had 
the softest bulbs at harvest and lowest levels of uronic acid.

REMARKS
Confidence in the accuracy of pyruvate measurements is 

becoming more important, as the popularity of low pungency 
onion increases (Yoo & Pike 2001). The automated pyruvic 
acid analysis system (Yoo & Pike, 1999) can save time and 
eliminate human errors because there is no need of pipetting 
for adding chemicals. Estimating about 17% more pyruvic 
acid than spectrophotometrics methods, it may overestimate 
pyruvic acid content by about 0.3 µmol/ml in onions with a 
high sugar or quercetin concentration. 

The Abayomi’s study (2006) has demonstrated the possi-
bility of replacing the standard colorimetric assay used by the 
world onion industry (to determine pyruvate concentration) 
for the biosensor. The advantages are quick analysis and elimi-

nation of the use of DNPH (harmful to health). Future works 
should elucidate possible variations in response of interfering 
compounds, or cultivar interference.

Pungency differences have been attributed to metabolic 
dissimilarities in the S-alk(en)yl cysteine sulfoxides, associ-
ated with individual phenotypes (Kopsell & Randle, 1997).  
Changes in pyruvate concentrations during storage are likely 
different in the availability of ACSOs. ACSOs may be me-
tabolized to supply carbon and nitrogen to growing sprouting 
(Uddin & Mac Tavish, 2003). 

Storage tends to increase pyruvate concentration, at con-
trolled conditions (Chope et al., 2007) or field conditions as in 
Argentina, which generates products more pungent than fresh 
ones. A minimum TSS content was only observed on cultivar 
A INTA after 30 days of storing bulbs at 15 °C mean month-
ly temperature. Similar results were reported by Chope et al. 
(2006, 2007).

At harvesting, and 30 and 60-day-cold-treated onion 
bulbs, or refrigerated storage conditions, have yielded 50%-
60% breakage of bulb dormancy. This effect was reported 
previously by other authors (De Hertogh & Le Nard, 1993). 
There was an interaction between cultivar and storage time 
regarding sprouting or rooting (Coolong et al., 2008).

A single dose of ethylene inhibitor 1-MCP reduced sprout-
ing in short-storing onion cultivar SS1, and increased con-
centration of total soluble carbohydrates (sucrose, glucose and 
fructose), suggesting a low rate of C utilization (Chope et al., 
2008). On the other hand, exogenous ethylene supply during 
sprouting or during dormancy inhibited sprouting of onion 
bulbs, and their action was on sprout leaf elongation (Bufler, 
2009). It shows that suppression of sprouting and dormancy 
are controlled by different physiological factors, and that the 
role of ethylene in dormancy needs further investigation.

LSD was chosen in sugar analysis as the preferred method 
for detection by refractive index due to greater baseline stabil-
ity and sensitivity as compared to conventional detection by 
refractive index (Terry et al., 2005). Among the main advan-
tages of the method modified by Chapman & Horvath (1989) 
for sugars analysis are a total GC run time of 30 min.  This is 
sufficient to elute all the components, in comparison to that 
by a long time HPLC elution gradient (Kahane et al., 2001). 
Glucose and fructose have two peaks, α and β isomers, and 
they do not interfere with other sugars. More reproducibility of 
the results and stability of the derivatives working from dried 
tissues is possible. The same applies to quantitative analysis of 
carbohydrates at different times of storage, and measurement of 
enzymatic activities, such as fructan-hexohydrolase. 

Both methods, colorimetric and by GC (Table 1, Table 
2) showed that the total carbohydrate content gave different 
results with marketables cultivars.  Different results indicate 
that the extraction procedure is crucial in the determination of 
the concentration and ratios of non-structural carbohydrates 
in onion bulbs (Davis et al., 2007).
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The variation parameters such as pyruvate content, soluble 
solids, and NSC betwen cultivars allowed to asses a classification 
on bulbs quality. Valcatorce, Grano de Oro and Antártica Inta 
are mono-saccharides-dominated. We found two groups: Grano 
Oro and Valcatorce, classified as low soluble solids, and moderate 
pungency (Fig. 1), and high soluble solids and pungency, respec-
tively. The concentrations of fructose and glucose (mg/g DW) 
found in these cultivars were similar to those reported for culti-
var Sheakspeare (Terry et al., 2005). There was negligible sucrose 
concentration as compared to Shakespeare cultivar.

Fructan content in onion bulbs tends to decrease dur-
ing refrigerated atmosphere storage (e.g., Suzuki & Cutliffe, 
1989, Benkeblia et al., 2000). Suzuki & Cutcliffe (1989), 
however, reported slight increases in fructans DP 5-8. Chope 
et al. (2006) reported different patterns of change in fructan 
concentration, which could be due to different responses of 
each cultivar to environmental conditions. Despite changes 
in fructans, slightly and highly polymerized fructan levels, 
and their exohydrolase activities in post-harvests, are not well 
documented. 

The results found in cultivar Antártica Inta (high TSS, low 
soluble carbohydrate total content) suggest that it is a fructan 
acumulator. 

Firmness in vegetables is a textural attribute related to 
freshness of products. There has been research about pectin 
methyl esterase activity and polygalacturonase in different 
vegetables as Tabasco pepper (Arancibia & Motsenbocker, 
2006) and tomatoes varieties (Rodrigo et al., 2006). However, 
there is limited information about these pectolytic enzymes 
in onion. Coolong (2008) results suggest that differences in 
onion scale firmness at harvest may be due to differences in 
water soluble pectin uronic acid concentrations. 

This information could be of interest to improve onion 
storage management, especially in countries where these 
problems are related to scarce use of technology during 
storage.
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