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ABSTRACT: Besides onions being one of the most cultivated and consumed vegetables, during storage onion
bulbs are still affected by many physiological, biochemical and technological factors which can influence their
quality. Respiration rate (RR

O2
), soluble sugars (SS), total phenolics (TP), and peroxidase (POD) activity were

measured in inner bud tissues during a dormancy break of onion bulbs treated four weeks at 0ºC and stored in
the dark at 20ºC. Control bulbs  were stored simultaneously in the same condition. Breakage of dormancy was
checked by the appearance of first green internal leaves by cutting longitudinally 30 bulbs. After eight weeks,
RR

O2
 of sprouted onions was 52% higher than that of freshly harvested and dormant bulbs. One week after

cooling SS decreased from 15 to 9 mg g-1 fresh weight, and then peaked from 9 to 19 mg g-1 after three weeks.
For control bulbs, a similar peak was observed after six weeks. For inner buds of cold-treated onions, a slight
increase of TP (from 0.17 to 0.2 mg g-1; fresh weight) was observed during the first two weeks of cooling, and
then a decrease to 0.11 mg g-1 was observed after eight weeks. For inner buds of control bulbs, TP also increased
slightly from 0.17 to 0.2 mg g-1 after five weeks, and decreased to 0.15 mg g-1 after seven weeks when bulbs
began to sprout. POD activity showed a similar pattern in relation to TP. For cold-treated bulbs, POD activity
increased to 1.7 U g-1 fresh weight after two weeks, and decreased to 1.1 U g-1 during the last four weeks. For
control samples, POD activity was stable during 4 weeks and decreased progressively by 29% during the last
four weeks. This decrease in POD activity coincided with the decrease in TP, and coincided with onset of
sprouting. With cold treatment, first sprouts were observed during the third week, while total sprouting was
observed after eight weeks. In comparison, only 20% of the control bulbs sprouted after the period of 8 weeks.
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EFEITO DO RESFRIAMENTO SOBRE AÇÚCARES SOLÚVEIS,
TAXA DE RESPIRAÇÃO, FENÓIS TOTAIS, ATIVIDADE DE
PEROXIDASE E DORMÊNCIA DE BULBOS DE CEBOLA

RESUMO: Além de ser uma das hortaliças mais cultivada e consumida, bulbos de cebola são afetados, durante
a armazenagem, por fatores fisiológicos, bioquímicos e tecnológicos, que podem afetar seus atributos de qualidade.
Taxa de respiração (RR

O2
), açucares solúveis (SS), fenóis totais (TP) e atividade de peroxidase (POD) foram

medidos em tecidos internos de brotos, durante uma quebra de dormência de bulbos de cebola, tratados por
quatro semanas a 0ºC e armazenados no escuro a 20ºC. Bulbos controle foram armazenados simultaneamente na
mesma condição. A quebra da dormência foi verificada através do aparecimento das primeiras folhas internas
verdes, cortando 30 bulbos longitudinalmente. Depois de oito semanas a RR

O2 
de bulbos brotados foi 52% maior

em relação a bulbos recentemente colhidos e bulbos dormentes. Os SS diminuíram uma semana após resfriamento,
de 15 para 9 mg g-1 de peso fresco e depois apresentaram um pico, de 9 para 19 mg g-1 depois de três semanas.
Para os bulbos controle também foi observado um pico similar depois de seis semanas. Para os brotos internos
de cebolas tratadas com frio, foi observado um pequeno aumento de TP (de 0,17 a 0,2 mg g-1 de peso fresco),
durante as duas primeiras semanas de resfriamento e, depois, um decréscimo para 0,11 mg g-1 depois de oito
semanas. Para os brotos internos de bulbos controle, os TP também aumentaram pouco, de 0,17 para 0,2 mg g-1

depois de cinco semanas, decrescendo para 0,15 mg g-1 depois de sete semanas, quando começaram a brotar. A
atividade de POD apresentou uma tendência similar em relação aos TP. Para bulbos tratados a frio, a atividade
POD aumentou para 1,7 U g-1 de peso fresco depois de duas semanas, decrescendo para 1,1 U g-1 durante as
últimas quatro semanas. Para as amostras controle, a atividade POD permaneceu estável por quatro semanas e
decresceu progressivamente de 29% durante as últimas quatro semanas. O decréscimo da atividade de POD
coincidiu com o decréscimo de TP e coincidiu com o início da brotação. Com o tratamento frio, os primeiros
brotos foram observados durante a terceira semana, enquanto o brotamento total se deu depois de oito semanas.
Em comparação, apenas 20% dos bulbos controle brotaram depois de oito semanas.
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INTRODUCTION

Onion (Allium cepa L.) has played important
role in culinary, as well as in dietary, medicinal and re-
ligious roles for centuries. It may be one of the first cul-
tivated crops because of its growing versatility and port-
ability, and can be dried and preserved for long periods.
However, during storage, onion bulbs are exposed to en-
vironmental and atmospheric conditions which can af-
fect their physiology and biochemistry. During this pe-
riod, high catabolism is considered the main cause of
changes in qualities such as sprouting and rotting
(Benkeblia, 2003).

Dormancy of bulbs has major impact on their
storage. One of the most popular approaches in the study
of dormancy has been to study its physiological basis in
sprouts during subsequent exposure to rest-breaking treat-
ments at low temperature (Benkeblia & Selselet-Attou,
1999; Dennis, 1987). The resting period disappears pro-
gressively with time at all storage temperatures, but does
so more quickly at some low temperatures than others
(Abdallah & Mann, 1963; Benkeblia & Selselet-Attou,
1999). Gradual changes in the biochemistry of the bulbs
throughout the dormancy period were observed, and low
temperatures caused compositional and physiological
changes in tissues (Benkeblia et al., 2002; Benkeblia et
al., 2000; Benkeblia & Selselet-Attou, 1999).

Sugar metabolism is closely linked to onion bulb
dormancy (Kato, 1966), and the most important biochemi-
cal changes occurring during long term storage of veg-
etables are the quantitative changes in carbohydrates (Ru-
therford, 1981). Nevertheless, no data are available on the
variation of these components during the break of dor-
mancy, particularly under low temperatures. Phenolic
compounds and peroxidase are known to play important
roles in the ripening and senescence of plants (Harborne,
1994; Greppin et al., 1986). Despite of the large litera-
ture available on these aspects, little is known on the bio-
chemical changes occurring during the breakage of dor-
mancy in bulbs (De Hertogh & Le Nard, 1993; Benkeblia
& Selselet-Attou, 1999) and tubers (Cvirkova et al.,
1994), and the involvement of phenolics and peroxidase
in the dormancy process and sprouting of onions remains
unclear. The present study was carried out to investigate
the effects of low temperature (0ºC) on the dormancy
break of onion bulbs and biochemical changes in inner
bud sprouts.

MATERIAL AND METHODS

Plant material
Onion bulbs cv. Rouge Amposta, organic prod-

uct, free of preharvest chemical treatments, cultivated in
the Cavaillon area, Vaucluse, France, freshly harvested
and dried in the field for two weeks, were obtained from

a local farmer, sorted for uniformity and absence of de-
fects, packed in commercial, 12-Kg plastic (PVC) trays,
and placed at 18ºC prior to the cooling.

Cooling and storage
Onion bulbs were kept at 0ºC in the dark during

four weeks and then transferred in dark to the 20ºC and
65% relative humidity condition. Sprouting was counted
starting from the first week of cold treatment. Thirty bulbs
were cut longitudinally twice a week to check for sprout-
ing (appearance of first green internal leaves); soluble
sugars, total phenolics and peroxidase were assayed si-
multaneously.

Respiration rate determination
Respiration rate (RRO2) was determined on whole

onions kept 8 weeks at 20ºC and without any cold treat-
ment, by the glass jar technique (Benkeblia et al., 2000).
Gas samples (50 µL) were taken after 1, 2, 3, 4 and 5
hours through a silicon septum and analyzed by gas chro-
matograph (model M200, MTI, Fremont, USA). RRO2 was
calculated by linear regression from O2 depletion curve
and expressed as mmol kg-1 h-1. The mean value of res-
piration rate was determined from triplicate measure-
ments.

Soluble sugars analysis
Soluble sugars (SS) (glucose, fructose, and su-

crose) contents were determined by HPLC. Samples
(5 g) of freeze-dried inner bud tissues were homogenized
in 50 mL of water, heated for 30 min in boiling water
bath and centrifuged for 15 min at 25,000 g. The super-
natant was passed through a 0.25 µm Millipore filter prior
to injection. Sugars were separated by HPLC using a
Varian 5000 model (Vista, 5000 series, Les Ulis, France)
fitted with a Polyspher CH-CA column (300 × 7.8 mm.
Merck, Darmstadt, Germany) set at 80°C and a differen-
tial refractometer detector (Knauer, GmbH, Berlin, Ger-
many). The mobile phase was DDI water at a flow rate
of 0.5 mL min-1. Sugars were identified and quantified
by comparison with authentic sugar samples (Sigma, St
Louis, MO, USA).

Total phenolics quantification
Total phenolics (TP) were extracted by the

method described by Brenes et al. (1992), and determined
by Folin-Ciocalteu reagent. Samples (10 g) of inner bud
fresh tissues were mixed with 80 mL aqueous EtOH
(80%) and 20 mL of metabisulphite (25 mmol), homog-
enized for 30 s and left for 15 min at 4ºC. The homoge-
nate was filtered and the filtrate used for phenolic deter-
mination. Total phenolics were quantified colorimetrically
at 730 nm. The standard curve was plotted using chloro-
genic acid (Sigma, St Louis, MO, USA) as standard. To-
tal phenolics were expressed as chlorogenic acid equiva-
lent.
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Peroxidase activity assay
Peroxidase (POD) activity was extracted and as-

sayed according to the method of Günes & Bayindirli
(1993). Inner bud fresh tissues (10 g) were mixed with
50 mL of phosphate buffer (60 mmol L-1, pH 7.0) and
blended for 5 min in blender at minimal speed. The ho-
mogenate was centrifuged for 15 min at 20 000 × g and
the supernatant removed for POD activity assay. One
mL of extract was mixed with 1 mL of guaiacol
(45 mmol L-1), 1 mL of H2O2 (200 mmol L-1) and 18 mL
of phosphate buffer (65 mmol L-1, pH 6.5). After incuba-
tion at room temperature for 10 min, absorbance was mea-
sured at 430 nm. One unit of the enzyme activity was de-
fined as change in absorbance of 0.001 min-1.

Statistical analysis
All determinations were carried out in triplicate

and expressed on a fresh weight basis. The experiment
was repeated twice and data compared by the Student t-
test using Statistica 5.0 software.

RESULTS AND DISCUSSION

Comparatively to respiration of freshly harvested
bulbs, RRO2 of sprouted onions increased from 0.21 to
0.32 mmol O2 kg-1 h-1 after 8 weeks at 20ºC (Figure 1).
The average rate of increase in respiration was determined
by fitting a linear regression line to the respiration rate
vs time (data not shown), and was 14 µmol kg-1 h-1 per
week. The increase in the respiration rate is the conse-
quence of physiological changes where this period cor-
responds to the break of dormancy and the onset of
sprouting even if sprouts are not emergent from the necks.
This high respiration rate indicates a higher oxygen con-
sumption and an intense metabolic activity mainly car-
bohydrate catabolism. This result is consistent with the
findings of Loogheed & Franklin (1975) who reported a
value of 0.24 mmol CO2 kg-1 h-1 exchange from sprouted
onions stored at 21ºC.

For cold treated bulbs, SS decreased after 1 week
(during cold treatment) from 15 to 9 mg g-1 fresh weight,
but increased sharply to 19 mg g-1 after three weeks (Fig-
ure 2). Then, they decreased to 5 mg and varied from 5 to
7 mg g-1 fresh weight during the last three weeks. For con-
trol samples, SS content increased from 15 to 17 mg g-1

fresh weight during the five first weeks, then peaked to
22 mg g-1 between the fifth and seventh week period, and
then decreased abruptly to 12 mg g-1 during the two last
weeks. In both case, peaks coincided with the onset of
sprouting. Cold treatment was significant (P < 0.05) in re-
lation to the variation of soluble sugars. The rapid increase
in SS content observed during cold treatment probably re-
sulted from the low temperature hydrolysis of fructans, the
major oligosaccharides in onion bulbs. This accumulation
of SS caused by cooling could probably initiate internal
sprouting observed after cold treatment. Similar results
were reported by Rutherford (1981), however high glucose
concentration was noted during this peak (Pak et al., 1995).
Hurst et al. (1985) also noted at 4ºC a rapid increase in
percent sugar of onion between four and eight weeks.

During the first two weeks, TP in the inner bud
of cold-treated bulbs increased to 0.2 mg g-1 fresh weight.
Then, decreased abruptly to 0.13 mg after four weeks and
progressively to 0.11 mg g-1 during the next four weeks
(Figure 3). On the other hand, for control samples, TP
content was rather regular showing a slight increase from
0.17 to 0.2 mg g-1 fresh weight during five weeks, and
then decreased progressively to 0.15 mg g-1 during the last
three weeks. Their role in bulb dormancy is unclear, but
phenolic compounds seem to inhibit sprouting and low
temperature may trigger a signal which could be respon-
sible for the decrease of these compounds, promoting
sprout initiation and development. Effect of temperature
on total phenolics variation was significant (P < 0.05).
Close involvement of acid phenolics in sprouting of po-

Figure 1 - Effect of the respiration rate of fresh harvested bulbs and
bulbs kept at 20ºC during two months on the breakage of
dormancy.
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Figure 2 - Soluble sugars (glucose, fructose and sucrose) variation
in inner buds of onion bulbs during break of dormancy
(• cooled bulbs, o control bulbs) (arrows indicate onset
of sprouting and appearance of the first internal green
leaves).
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tato buds was reported by Cvirkova et al. (1994). How-
ever, this similarity is barely comparable considering the
biological and physiological differences between bulbs
and tubers.

POD activity of cold treated bulbs indicated a
close pattern in relation to the TP variation (Figure 4).
POD activity increased slightly from 1.55 to 1.7 U g-1

fresh weight during the first two weeks. Then, POD ac-
tivity decreased progressively from 1.7 to 1.1 U g-1 dur-
ing the next three weeks and remained stable during the
last three weeks. On the other hand, for control samples,
POD activity decreased regularly to 1.1 U g-1 fresh weight
along the eight weeks. Low temperature seems to have a
similar effect on POD activity by causing a decrease re-
sulting from the signal triggered by cooling. However,
statistical analysis showed that cooling was less signifi-
cant (P < 0.05) on POD activity. The role of POD in
sprouting of onion is not well established yet, however
its role in other vegetables was widely investigated, par-
ticularly its degrading activity of IAA, which is consid-
ered an effective promoter of sprouting (with cytokinins)
(Thomas, 1969).

The total breakage of dormancy of cold treated
onion bulbs was observed after 8 weeks (50% breakage
of dormancy was noted between the fourth and fifth
week) (Figure 5). In comparison, only 20% of the con-
trol bulbs started sprouting after this period. Cooling had
effect (P < 0.05) on breakage of dormancy. Statistical
analysis of the data also showed effect of sprouting on
respiration (O2 consumption). The effect of low tempera-
ture on the break of dormancy of onion bulbs and other
bulbous vegetables was reported previously (Benkeblia,
2003; De Hertogh & Le Nard, 1993; Komochi,
1990). Although most edible and flower bulbs are sensi-
tive to chilling, others need high temperatures for sprout-
ing (De Hertogh & Le Nard, 1993; Le Nard, 1982).

Cold treatment at 0ºC could contribute to induce
breakage of dormancy of onion bulbs. These low tem-
peratures also cause a decrease in total phenolics and per-
oxidase activity. Thus, phenolics and peroxidase seem to
be involved in extending the dormancy period of onion
bulbs. However, this role seems to have indirect rather
than direct involvement in the dormancy process. Con-
sistently with our previous results and other investiga-
tions, there is no doubt that cold treatment of “rest or-
gans” induces a signal triggering of biochemical modifi-
cations causing breakage of dormancy. A question, how-
ever, remains: what is the exact nature of this signal? Cur-
rent investigation using molecular biology tools may
clarify these aspects yet to be studied.
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Figure 4 - Variation of peroxidase activity in inner buds of onion
bulbs during break of dormancy (• cooled bulbs, o
control bulbs) (arrows indicate onset of sprouting and
appearance of the first internal green leaves).
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Figure 3 - Variation of total phenolic compounds in inner buds of
onion bulbs during break of dormancy (• cooled bulbs,
o control bulbs) (arrows indicate onset of sprouting and
appearance of the first internal green leaves).
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