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Loss of sugars contributes to accelerate postharvest senescence of broccoli. Several treatments have been devel-
oped to delay senescence, but in many cases their effects on sugar metabolism were not analyzed. We studied the 
effect of harvest at different times of day (08:00, 13:00 and 18:00 h) and of several postharvest treatments as heat 
treatment (HT), modified atmosphere (MA) and 1-methylcylcopropene (1-MCP) on sugar levels and activities of 
enzymes related to sucrose and starch degradation. Harvesting at the end of day delayed the loss of chlorophylls 
and caused the lowest decrement in sugars, although no differences in invertase, sucrose synthase and β-amylase 
activities were detected among samples. Treatments of MA and 1-MCP caused a lower loss of glucose and fructose, 
while HT caused a lower decrement of sucrose. Treated samples maintained higher levels of chlorophylls. The treat-
ments reduced the activity of invertase and sucrose synthase and induced higher levels of β-amylase activity. Har-
vesting at the end of day and performing simultaneously a MA treatment could be a good combination to maintain 
the green color of the inflorescence and sugar levels during postharvest of broccoli.

Key words: Invertase, sucrose synthase, β-amylase, senescence.

Introduction
Broccoli is a highly perishable vegetable with an elevated senescence rate. During postharvest, broccoli shows an 
intense degreening due to chlorophyll degradation. In addition, broccoli senescence is associated to a rapid loss 
of proteins and sugars (Pogson and Morris 1997, Eason et al. 2007). The level of sugars is important not only by 
its nutritional value but also by the physiological role that sugars have on senescence. Several reports have shown 
that treatments that delay the sugar loss (Carlin et al. 1990, Costa et al.2005, Lemoine et al. 2007) or treatments 
that feed with glucose or sucrose (Nishikawa et al. 2005, Hasperué et al. 2011) can delay postharvest senescence.

In broccoli, as in other higher plants, sucrose is the main source utilized to transport carbon. Inside the cells, su-
crose is cleaved into glucose and fructose by two enzymes: sucrose synthase (SS) and invertase (INV). Invertase is 
considered to have a crucial role in regulating the transport and metabolism of sucrose in plants (Koch 1996). In-
vertases also have been associated with a role as a regulator of the amount of sucrose during senescence (Hurst 
et al. 1996, Coupe et al. 2003a, McKenzie et al. 2004, Eason et al. 2007).

SS catalyzes the reversible reaction of fructose and uridine diphosphate glucose (UDP-glucose) into sucrose. How-
ever, in many plant species it has been observed a lower Km values for UDP than for UDP-glucose, suggesting that 
the activity of SS is generally in the direction of sucrose hydrolysis rather than synthesis (Wind et al. 2010). Muñoz 
et al. (2005) assigned to SS an important role in the synthesis of transient starch in Arabidopsis thaliana leaves and 
Solanum tuberosum by channeling the UDP-glucose from sucrose to starch, decreasing the process in the night due 
to a fall in sucrose content. In photosynthetic tissues, starch accumulates transiently in chloroplasts during daylight 
hours by action of photosynthesis. However, for extended periods of photosynthesis, storage takes place in the am-
yloplasts in reserve tissues (Asatsuma et al. 2005). The transient starch is degraded releasing maltose and glucose 
units, which are then exported to the cytosol to be used as source of energy for synthesis of sucrose. Sugars derived 
from photosynthesis also are transported via phloem to target organs, where can be stored as starch reserves. Al-
though α-amylase has an important role in the degradation of starch in the endosperm of cereals (Asatsuma et al. 
2005) it does not appear to have an essential role in arabidopsis leaves (Yu et al. 2005). The α-amylase is required 
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for the initiation of the degradation of the starch during the germination of grains, but is not required for normal 
degradation of transient starch in leaves. It is currently believed that the primary enzyme in starch degradation 
in the living tissue of the plant is the β-amylase enzyme (Yu et al. 2005, Zeeman et al. 2007, Orzechowski 2008). 
During the day, the starch is synthesized in chloroplasts by photosynthesis and is degraded during the subsequent 
night period (Zeeman et al. 2007). Among the enzymes involved in starch degradation, the β-amylase has a key 
role (Orzechowski 2008). Many reports show that high amounts of starch and sucrose increase the expression and 
activity of the β-amylase (Sharma and Shopfer 1987, Nakamura et al. 1991, Mita et al. 1995).

Most postharvest treatments in broccoli are aimed to delay senescence, taking the loss of green color as a pri-
mary quality parameter. In many cases, these treatments not only delay chlorophyll degradation but also main-
tain the level of sugars (Downs et al. 1997, Tian et al. 1997). The two methods more widely used are cooling (Ro-
drigues and Rosa 1999) and modified atmosphere (MA) (Makhlouf et al. 1989, Barth et al.1993). Treatment with 
controlled or modified atmosphere substantially reduces senescence, delaying chlorophyll degradation and de-
creasing respiratory activity (Barth et al. 1993, Coupe et al. 2003b). Also, it has been used 1-methylcyclopropene 
(1-MCP), a substance that blocks ethylene receptors, as post-harvest treatment (Fan and Mattheis 2000). 1-MCP 
reduces or inhibits synthesis of ethylene and its effects and retards the loss of chlorophyll by reducing its enzy-
matic catabolism (Gong & Mattheis  2003). More recently other physical methods such as HT, UV-C and UV-B ra-
diation as potential postharvest treatments have been under evaluation. These treatments cause a slight stress 
in the material without causing irreversible damage. The tissue can recover from stress and improves its perfor-
mance against new stress situations. In broccoli, these treatments have been effective in delaying senescence, 
causing a lower degradation of chlorophylls and allowing the storage for longer time (Costa et al. 2006, Aiamla-or 
et al.2010, Martínez-Hernández et al. 2013). HT, can delay the onset of degradation of chlorophyll and slow down 
the senescence process (Funamoto et al. 2002, Costa et al. 2005). Also, broccoli treated with heat shows a lower 
loss of sucrose and proteins (Tian et al. 1997, Costa et al. 2005).

Postharvest life of horticultural products can be also affected by a range of preharvest factors. In broccoli, it was 
demonstrated that low water stress few days before harvest (Zaicovski et al. 2008) or harvesting at different mo-
ments at days (Hasperué et al. 2011) can affect senescence rate during postharvest.

Considering that the rate of senescence of broccoli is related to the level of sugars (Costa et al. 2005, Nishikawa et 
al. 2005, Eason et al. 2007), we proposed to study the effect of several treatments and the time of day at harvest 
on the content of sugars and the activity of enzymes involved in their metabolism: INV, SS and β-amylase during 
postharvest storage of broccoli.

Materials and methods
Plant material

Thirty heads of broccoli (Brassica oleracea var. Italica cv. ‘Iron’) were obtained from a farm on the outskirts of La 
Plata, Argentina (34° 59’S and 58° 3’ O) at each of the following times of day: 08:00 h, 13:00 h and 18:00 h, and 
transported immediately to the laboratory. Samples were placed in plastic trays and covered with PVC macro-per-
forated with 4 holes per tray, to prevent excessive dehydration. Broccoli heads were stored in darkness at 20 °C 
during 4 days to accelerate senescence and ten heads were taken periodically, frozen with liquid nitrogen and 
subsequently stored at -80 °C until use.

Postharvest treatments
Following the traditional time of harvest, broccoli heads were harvested at 08:00 h, transported immediately to 
the laboratory and subjected to the following treatments.

Treatment with 1-MCP

Thirty heads were placed in plastic trays and stored hermetically in a container with 1-MCP, and the condition of 
1 μl L-1 1-MCP for 16 h at 22 °C was the most effective to slow the yellowing. Thirty heads were used as controls 
and placed in the same conditions without 1-MCP. 
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Heat treatments (HT)

Thirty heads were placed on trays, covered with macro-perforated polyvinyl chloride (PVC) film to reduce dehy-
dration and put into a convection air oven at 42 °C for 3 h. The same number of heads without heating was uti-
lized as controls.

Treatment with MA

Thirty heads were placed in plastic trays, covered individually in low density polyethylene (LDPE) bags (40 μm 
thick, 20 cm x 30 cm) and then sealed. Gas composition inside the bags was measured as indicated in Costa et al. 
(2005). The same number of heads was coated with macro-perforated PVC film as a control.

After treatments the heads were stored in darkness at 20 °C and processed as described in the preceding paragraph.

Superficial color
The superficial color (L* a* b*) was measured with a colorimeter (Minolta CR-400, Osaka, Japan) during the stor-
age period. Reflectance was measured in different sectors of the inflorescence, taking 6 data per head. Hue an-
gle (h°) was calculated as:

h° = tan-1(-(b/a)) when a and b> 0, or

h° = 180° + tan-1(b/a) when a< 0 and b > 0.

Chlorophyll content
The chlorophyll content was determined as Lemoine et al. (2007) with slight modifications. Frozen samples were 
ground with an electric grinder. Then, approximately 0.8 g of the powder were mixed with 5 ml 80% (v/v) acetone, 
homogenized and centrifuged at 5000 xg for 10 min. The supernatant was removed and the pellet was suspended 
in 3,750 μl of 80% (v/v) acetone and centrifuged at 5,000 xg for 10 min. Finally, the pellet was suspended again in 
1,250 μl of 80% (v/v) acetone and centrifuged at 5,000 xg for 5 min. Supernatants from each centrifugation were 
collected and kept to a final volume of 10 ml  with 80% (v/v) acetone. Chlorophyll content was determined ac-
cording to Lichtenthaler (1987) and expressed as mg total chlorophyll g−1FW tissue. Four extracts per treatment 
and storage time were obtained and measurements were done by triplicate.

Sucrose, glucose and fructose determination
Frozen broccoli florets were ground in a refrigerated mill and 2 g of the obtained powder were homogenized with 
12 ml of ethanol. The mixture was centrifuged at 12000 xg for 15 min at 4 °C and the supernatant was recovered 
to determine the content of sugars. The ethanol extract was filtered through a nylon filter of 0.45 µm pore size 
and the solvent evaporated by heating. The sample was dissolved in a mixture of acetonitrile:water 70:30. Con-
centration of soluble sugars was determined by using a high-pressure liquid chromatography system equipped 
with a refractive index detector (Waters IR 2414, Waters Corp., USA) and a Microsorb-MV NH2R0086700C5 col-
umn (Varian Inc., USA). The column was isocratically eluted with acetonitrile:water 70:30 at a rate of 1 ml min−1. 
Four extracts per treatment and storage time were obtained and measurements were done by triplicate. The re-
sults were expressed in mg sugar g-1 FW.

Enzyme extractions and assays
Soluble acid INV was extracted and assayed as detailed in Coupe et al. (2003a), with the modifications: 2 g of 
ground samples were suspended with 10 ml of ice-cold extraction buffer (25 mM Hepes-NaOH pH 7.5 containing 
PVPP 1% w/v, 4 mM EDTA, 10 mM cysteine, 10 mM MgCl2).     The homogenate was allowed to stir for 30 min at 
4 °C, and then centrifuged at 13200 xg in cold for 10 min. The supernatant was separated and utilized for assay-
ing acid INV. A volume of 0.2 ml of supernatant was mixed with 0.4 ml of 25 mM sucrose, 50 mM sodium acetate 
(pH 6.0) and the resulting solution was maintained at 35 °C for 30 min. The generated glucose was measured en-
zymatically (glucose oxidase 10 U ml-1 and peroxidase 1 U ml-1) with a glucose test kit (Wiener Lab).
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β-amylase was extracted by suspending 2 g of ground samples with 5 ml of ice-cold extraction buffer (Tris-EDTA 
pH 8.0 with 100 mM cysteine). Homogenate was maintained during 1 h in cold and agitation, and then centrifuged 
at 13200 xg for 10 min. The supernatant was recovered and 0.2 ml were diluted with 0.6 mL of dilution buffer (0.1 
M MES, 1 mM EDTA, 1 g l-1 bovine serum albumin, pH 6.2). The enzyme activity was measured according to the 
kit Betamyl Method (Megazyme International Ireland Ltd).

SS was extracted as described for acid invertase. The homogenate was allowed to stir for 40 min at 4 °C, and 
then centrifuged at 13200 xg for 10 min. The supernatant was assayed for SS cleavage activity as described by 
Sowokinos et al. (1985), with modifications. Briefly, 0.14 ml extract, 5 mM UDP in 50 mM Hepes buffer (pH 7.5) 
and 120 mM sucrose. The mixture was incubated at 35 °C, samples were taken periodically and reactions were 
stopped by heating tubes in a boiling water bath for 5 min. The production of reducing sugars was determined by 
the DNS method (Miller 1959). 

The enzyme activities were expressed as units relative to the value obtained in samples harvested at 08:00 h for 
the experiments of the different moments of harvest  during the day or in units relative to day 0 (day of harvest) 
for MA, HT and 1-MCP treatments. Four extracts per treatment and storage time were obtained and measure-
ments of activity were done by triplicate.

Experimental design and statistical analysis
The whole experiment was repeated three times and designed according to a factorial design, the factors being 
time of harvest or postharvest treatment and storage time. All statistical procedures were performed by using 
the SYSTAT software package. The results were analyzed by ANOVA and means were compared using LSD test at 
significance level of 0.05.

Results and discussion 
Harvesting at different times of the day

Chlorophyll and sugar contents 

Broccoli heads were harvested at different times of the day and stored. The progress of senescence was followed 
by measuring superficial color and chlorophyll content (Table 1).

Table 1. Changes in Hue values and chlorophyll contents (mg chl g-1 FW tissue) in broccoli florets harvested at different hours 
(08:00, 13:00 and 18:00 h) and stored during four days at 20 °C.

Hue Chlorophyll

08:00 h 13:00 h 18:00 h 08:00 h 13:00 h 18:00 h

Day 0 131.2±2.8a 130.3±3.8a 129.7±2.0a 0.299±0.020a 0.292±0.021a 0.295±0.019a

Day 2 126.2±1.6a 128.3±2.2b 129.2±2.5b 0.207±0.009a 0.250±0.018b 0.271±0.018c

Day 4 109.1±1.5a 117.8±2.3b 123.4±1.4c 0.101±0.015a 0.129±0.013b 0.170±0.011c

Different letters indicate significant differences (p<0.05) among samples at the same time of storage.

At harvest, all samples had a dark green color and similar Hue values and chlorophyll content. During storage, 
samples lost their green color and became yellow but these changes were more marked in samples harvested at 
08:00 h. In turn, samples obtained at 18:00 h showed the lowest Hue decrement and chlorophyll degradation, hav-
ing about 68 % more chlorophylls than heads harvested at 08:00 h. These results were similar to those obtained 
in our previous work (Hasperué et al. 2011).

Besides the loss of green color and chlorophyll degradation, the normal postharvest physiology of broccoli is char-
acterized by a rapid loss of sucrose (Downs et al. 1997, Tian et al. 1997, McKenzie et al. 2004). It has been proposed 
that a decrease in the level of sugars would in turn increase the expression of senescence-associated genes, such 
as ACC oxidase, β-galactosidases and asparagine synthetases (Downs et al. 1997).
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In this work, sugars were measured by HPLC and a decrease of their contents was detected during the postharvest 
period in all samples. At harvest, there were no differences in sugar contents among samples harvested at differ-
ent times. However, differences were detected during storage, so that  the samples harvested at 18:00 h showed 
the lowest decrement (Fig. 1). We found a higher level of starch in samples harvested at 18:00 h (data not shown) 
as we had detected previously (Hasperué et al. 2011). The highest content of glucose in these samples both at 
day 2 and 4 could be due to the rapid hydrolysis of starch that occurs after harvest (King and Morris 1994, Tian et 
al. 1997, McKenzie et al. 2004).

Regarding the content of sucrose, at day 2, samples harvested at 13:00 h and 18:00 h showed higher levels about 
115 and 200% more than samples harvested at 08:00 h, and at day 4 the content of sucrose was 100 and 250% 
higher,  respectively. The content of glucose and fructose in samples harvested at 08:00 h was similar to samples 
of 13:00 h and 18:00 h at day 0, which could have been due to the contribution of the hydrolysis of sucrose in 
the early hours of the morning. Towards day 4, samples harvested at 13:00 h and 18:00 h maintained 25 and 35% 
more fructose and 52% of glucose than the samples harvested at 18:00 h. 

Enzymatic activities

At harvest, INV activity of samples harvested at 13:00 h and 18:00 h was 25 and 40% higher compared to activi-
ty of samples from 08:00 h (Fig. 2a). Similar behavior was described by Nägele et al. (2010) in Arabidopsis, which 
reported a diurnal fluctuation with maximum activity around 13:00 h but decreased until the end of the night. It 
was shown that INV activity could be enhanced by external applications of sucrose (Da Silva et al. 2003). In this 
sense, the higher INV activity in samples harvested at 18:00 h could be due to a higher content of sucrose in these 
samples. INV activity decreased during storage in all samples, and while the sucrose content also decreased, it re-
mained higher in materials harvested at 13:00 h and 18:00 h, but without differences in invertase activity among 
samples (Fig. 2a). 

At harvest, SS activity was almost 40% higher in samples harvested at 18:00 h in relation to others (Fig. 2b). One 
of the roles of SS is the cleavage of sucrose that provides UDP-glucose which can be used both in the process of 
cell wall biosynthesis and in starch synthesis (Martin et al. 1993, Wang et al. 1993, Muñoz et al. 2005). Given this 
last association, the higher levels of starch found in broccoli harvested at 18:00 h (Hasperué et al. 2011) could be 
related to the higher SS activity in these materials at harvest. During storage, it was observed a decrease in SS ac-
tivity in all samples, a result expected given the decline in the reserve of photoassimilates. In spite that samples 
of 18:00 h had higher sucrose levels until day 4, and starch until day 2 (data not shown, published in Hasperué et 
al. 2011), towards the end of the storage there was no difference in the SS activity among samples (Fig. 2b). The 
higher content of sucrose and other soluble in samples harvested at 18:00 h could be due to higher initial starch 
and its subsequent degradation rather than to lower levels of SS and INV activities.

At harvest, it was found that the β-amylase activity was 30% higher in samples of 18:00 h comparing to the oth-
er harvest times. At harvest, samples obtained at 18:00 h had higher levels of starch (data not shown, published 
in  Hasperué et al. 2011), probably due to the longer exposition to light with respect to the samples harvested at 
08:00 h or 13:00 h (Smith et al. 2004, Bläsing et al. 2005). Given that the starch degradation is regulated by the 
circadian rhythm (Lu et al. 2005), this higher level of starch also could induce a higher β-amylase activity. 

During the subsequent days of storage, it was detected a gradual decrease in the β-amylase activity in all sam-
ples, but this trend was less marked in those harvested at 13:00 h. After 2 days storage, all samples had the same 
activity, and toward the day 4 the enzyme activity was greater in samples harvested at 13:00 and 18:00 h, even 
though the broccoli has undetectable starch levels (Tian et al. 1997, Hasperué et al. 2011).
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Fig. 2. Activity of invertase (A), sucrose synthase (B) and 
β-amylase (C) in broccoli florets harvested at different hours 
of the day during storage at 20 °C. Activities are expressed 
as units relative to the value obtained in samples harvested 
at 08:00 h. Different letters indicate significant differences 
at the same time of storage (p< 0.05).

Fig. 1. Content of soluble sugars: sucrose (A), fructose (B) 
and glucose (C) in broccoli florets harvested at different 
hours of the day during storage at 20 °C. Different letters 
indicate significant differences at the same time of storage 
(p< 0.05).
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Postharvest treatments
Superficial color and chlorophyll and sugar contents

 After harvest, samples were subjected to three types of treatments: MA, HT, and application of 1-MCP. We checked 
the effectiveness of MA treatment by measuring the gas composition inside the bags. We found concentrations 
of about 7% O2 and 8% CO2 after two days and 5% O2 and 10% CO2 after four days of storage. Samples used as 
controls deteriorated rapidly, beginning to lose the green color and degrading chlorophylls from the second day 
of storage (Table 2). There was a smaller decline in Hue angle and chlorophyll degradation in those samples sub-
jected to the three postharvest treatments (MA, HT, and 1-MCP), being MA the most effective in maintaining the 
visual qualities of broccoli.

Table 2. Changes in Hue values and chlorophyll contents (mg chlorophyll g-1 FW tissue) in broccoli florets subjected at different 
postharvest treatments and stored during four days at 20 °C. Different letters indicate significant differences (p<0.05) among 
samples at the same time 

Hue Chlorophyll

Control MA HT 1-MCP Control MA HT 1-MCP

Day 0 125.7±2.8a 125.7±2.8a 125.7±2.8a 125.7±2.8a 0.267±0.020a 0.267±0.020a 0.267±0.020a 0.267±0.020a

Day 2 119.6±1.8a 126.7±2.0b 124.9±1.8b 126.3±2.2b 0.180±0.012a 0.216±0.015b 0.205±0.017b 0.237±0.020c

Day 4 101.9±1.7a 120.6±2.5b 121.4±3.8b 122.3±3.0b 0.086±0.017a 0.210±0.018b 0.197±0.015b 0.172±0.012c

Loss of chlorophyll may be initiated or accelerated when plant tissue is exposed to low levels of ethylene. Ac-
cordingly, the elevated CO2 atmosphere inside the packages may have prevented accumulation of higher levels of 
ethylene, by competitive inhibition (Burg and Burg 1969). the HT samples  exhibited  similar behavior, which may 
have been due to a reduction in the activity of enzymes and expression of genes involved in ethylene biosynthe-
sis and chlorophyll degradation (Funamoto et al. 2002, Suzuki et al. 2005, Costa et al. 2006, Büchert et al. 2011).  
In samples subjected to 1-MCP treatment chlorophyll content decreased towards day 4. As in the case of HT, the 
1-MCP treatment reduces activity of enzymes involved in ethylene biosynthesis and in chlorophyll degradation 
(Tian et al. 1997, Gong and Mattheis 2003, Gómez-Lobato et al. 2012). 

The process of senescence is accompanied by a high energy consumption that leads to a decrease in the content 
of simple sugars and starch. Postharvest treatments that delay the senescence process generally decrease the 
respiratory activity (Tian et al. 1997, Funamoto et al. 2002, Coupe et al. 2003b) and allow the product to main-
tain a higher level of sugars. In our study, the content of fructose, glucose and sucrose decreased towards day 4 
in all samples, as it was described in other cases, too (King and Morris 1994, Downs et al. 1997, Pramanik et al. 
2005, Baclayon and Matsui 2009). In general, the controls showed a more pronounced decline until day 4 (Fig. 3). 
That drop in sugars is probably due to the need of tissues to maintain the energy status during senescence (King 
and Morris 1994). Materials subjected to MA, HT and 1-MCP showed a delay in the loss of soluble sugars, even 
augmenting about 38% sucrose between day 2 and 4 and 15% fructose levels in MA and 13% glucose in 1-MCP 
treated samples. At day 2, HT samples exhibited similar values of glucose and fructose and a higher level of su-
crose in relation to controls, maintaining these differences at day 4. After two days of storage, MA and 1-MCP 
samples had 44 and 28% more glucose, about 35% more fructose but similar levels of sucrose in relation to con-
trols. However, after four days, these samples and those subjected to HT showed higher levels of glucose, fruc-
tose and sucrose than controls.
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Enzymatic activities 

A decrease in the sucrose content after harvest is one of the key signaling events that control the expression of 
genes during senescence, and this decrease was associated with the increase of INV activity (Coupe et al. 2003a). 
We measured the activity of saccharolytic enzymes (INV and SS), and of β-amylase in samples subjected to the 
different treatments during storage at 20 °C.

In all samples, INV activity decreased during storage, being the controls and samples treated with 1-MCP which 
maintained higher levels, while samples subjected to MA and HT showed a lower INV activity (Fig. 4a). Several 
studies have shown that the expression of genes encoding INV increases during senescence of broccoli (Coupe et 
al. 2003a, Pramanik et al. 2004, Eason et al. 2007). However, other studies have shown that the activity rises after 
harvest and then shows a fall during this period (McKenzie et al. 2004, Suthumachai et al. 2006).

It was reported that treatment with MA causes a reduction in the accumulation of transcripts of genes of INV 
(Coupe et al. 2003a). INV activity was also 62 and 73% lower at day 2 and 4 of storage in HT samples. Last fact 
could be due to the sensitivity of INV to stress produced by the high temperatures (Singh and Knox 1984, Cheikh 
and Jones 1995). In the case of samples treated with 1-MCP, INV activity was similar to that of controls (Fig. 4a). 
Although in Solanum lycopersicum and Pyrus pyrifolia, it has been described that the ethylene would have a pos-
itive effect on the expression and activity of INV (Jeffery et al. 1984, Itai and Tanahashi 2008), in this assay there 
were no appreciable changes in INV activity in samples treated with 1-MCP, suggesting that, in broccoli, ethylene 
plays a minor role in INV activity or that treatment with 1-MCP was ineffective in reducing even more its activity.

SS activity decreased during storage in all samples, but the decrement was more important in treated samples 
(Fig. 4b). However, HT samples showed the lowest levels of activity, which could be to the influence of this treat-
ment in the depression of the enzymatic metabolism (Wang et al. 1993).

The β-amylase activity decreased in both treated and control samples, from the day 0 to 2, with no differences 
among samples. Toward the day 4, β-amylase activity decreased in controls, increased in materials subjected to 
MA and maintained in HT samples or 1-MCP. As a consequence, β-amylase activity in controls was an average 50% 
lower than HT and 1-MCP and a half respect to MA samples (Fig. 4c).

Tissues during senescence or subjected to any kind of stress, have an increased demand of hexoses, which can be 
obtained through hydrolysis of sucrose in a reaction mediated by INV and SS, or by starch degradation catalyzed 
by β-amylase (Sturm and Chrispeels 1990). In our case, a deceleration in the senescence process by HT, MA or 
1-MCP could reduce INV and SS activity even more. The lower levels of combined INV and SS activity and higher 
levels of β-amylase in treated samples could be reflected by a higher content of sucrose, fructose and glucose in 
these samples.
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Conclusions

Since samples harvested at 18:00 h and those treated with MA, HT and 1-MCP in general maintained higher lev-
els of sugars, which also resulted in a greater Hue parameter and a higher retention of chlorophylls, those could 
be used to extend the postharvest shelf life of broccoli.

Fig. 4. Activity of invertase (A), sucrose synthase (B) and 
β-amylase (C) inbroccoli heads subjected to different 
postharvest treatments: control (C), modified atmosphere 
(MA), heat treatment (HT) and 1-methylcyclopropene (1-
MCP). Different letters indicate significant differences at the 
same time of storage (p< 0.05).

Fig. 3. Content of soluble sugars: sucrose (A); fructose (B); 
and glucose (C) in broccoli heads subjected to different 
postharvest treatments: control (C), modified atmosphere 
(MA), heat treatment (HT) and 1-methylcyclopropene (1-
MCP). Different letters indicate significant differences at the 
same time of storage (p < 0.05).
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