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Abstract: Changes m sucrose synthase (S3) and sucrose phosphate synthase (SPS) activities and sugar
content during postharvest senescence in broccoli (Brassica oleracea 1. cvs. *Hartland” and *Sairin’) were
studied. The first change in color became apparent between 2 and 3 d but whole head yellowed after 5 d of
storage. The SS activity increased gradually mn all portions although with few fluctuations in branchlets of both
cultivars at the end of the storage time. In case of SPS, there was no inclimng or declining pattern of the activity
in any portion of the two cultivars at the end of the storage period. In both cultivars, branchlets showed higher
S5 and SPS activity than florets. Sucrose content gradually decreased in both portions of the two cultivars with
time. Fructose content was higher than glucose and sucrose in the florets as well as branchlets of both
cultivars. There was a lughly sigmficant negative correlation observed between the 35 activity and sucrose
content in the florets and branchlets of both cultivars. There was no significant correlation between sugar
contents and SPS activity in any portions of both cultivars.
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INTRODUCTION

Broccoli (Brassica oleracea L.) 13 a highly perishable
vegetable subject to rapid color and quality deterioration
during storage after harvest. The edible parts of broccoli
are compact cluster of unopened flower buds (florets) and
a tender portion of stem (branchlets). The physiology of
broceoli changes rapidly after harvest. Within the
first & h after harvest, the sucrose content of the florets
dropped to less than half the level present at harvest™l.
However, when exogenous sucrose 1s supplied back to
the plant, senescence symptom can be delayed and can
also increase the longevity of brocceli®®. Thus, sucrose
could directly influence the postharvest senescence of
broceoli. Therefore, it 1s important to elucidate the
enzymes of sugar metabolism particularly during storage.
In broccoli, sucrose is the primary form of translocated
sugar and present in small amount, with the other two
major soluble sugars, glucose and fructose, n
approximately equal amount, while sucrose activity is
high®¥. The cleavage of sucrose into glucose and
fructose is performed by invertase or 5SS in the cleavage
direction. On the other hand, sucrose 1s known to be
synthesized by two metabolic pathways, one 1s through
sucrose synthase (SS) which catalyzes the reversible

reaction: UDP  (uridine 5 -diphosphate)-glucose+
fructose~ sucrosetUDP®! and other through sucrose
phosphate synthase which catalyzes the reaction: UDP
glucose+{ructose-6-phosphate-sucrose phosphate
activities may determine the sucrose concentration in the
tissue.

During storage, acid mvertase activity gradually
increases with a concomitant decrease i sucrose that
lead to rapid deterioration of harvested produce. Many
studies have been reported on sugar metabolism such as
of changes in the activity of acid mvertase of broccoli
during storage™™ and also SS and SPS during growth,
development and maturation of fruits and vegetables".
Less worl has been done on the changes of 33 and SPS
activities in broccoli during storage. Therefore, this study
was conducted to mvestigate the influence of SS and SPS
on the postharvest life of two broccoli cultivars stored at
20°C.

MATERIALS AND METHODS
Plant materials: Two broccoli cultivars ‘Sairin’ and
‘Hartland’ were harvested from a commercially grown crop

and transported to the laboratory. Harvested broccoli
heads were stored at 20°C for 5 days. After 24 h interval,
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the broccoli heads of each variety were taken out from
storage and florets were shaved off a razor blade and
placed in the individual bag and mmmediately stored at
-30°C until use.

Color assessment: Color changes in broccoli heads were
determined with a chromameter (Minolta CR-200),
equipped with an 8 mm measuring head. The meter was
calibrated using the manufacturer’s standard white plate.
Color changes were quantified in the L, a, b color space.
Hue angle (h® = tan™" ( b/a ) when a>0 and b>0 or h®=180°
+tan'(b/a ) when a<0 and >0 ) was calculated from the
a and bvalues™. C'n each head, three readings were taken
from different portions.

Enzyme extraction for 8S and SPS: Approximately 5 g
sample from each portion was mixed with 1% of PYPP and
1 g sea sand The sample was then homogenized
with 10ml of 0.2 M K-P buffer (pH 7.8) contaiming 10 mM
ascorbate, 15 mM MgCl, 1 mM EDTA and 1 M DTT using
a cooled mortar and pestle. The resulting homogenate was
then filtered through four layer of cotton cloth and the
filtrate was centrifuged at 11 000 x g for 20 min. The total
supernatant was dialyzed with 40 times diluted 0.2 M K-P
buffer (pH 7.8) for 16 hand the mner solution was used as
the crude enzyme. All extraction procedures were carried
out at 0-4°C.

Enzyme assays for SS and SPS: 5SS and SPS activities
were assayed at 37°C by the method described by
Hubbard™? with slight modifications. Reaction mixtures
(70 ul) contamed 50 mM Hepes-NaOH buffer (pH 7.5),
15 mM MgCl,, 25 mM fructose-6-phosphate, 25 mM
glucose-6-phosphate and 25 mM UDP-glucose. The
mixture was incubated for 30 min. at 37°C and the reaction
was terminated with the addition of 70 pl of 30% KOH.
Enzyme blanks were terminated with KOH at 0 min. Tubes
were kept at 100°C for 10 min to destroy any unreacted
fructose or fructose-6-phosphate. After cooling, 2 ml of
anthrone reagent (150 mg anthrone with 100 ml of
15% H,30,) was added and incubated in a 40°C water
bath for 15 min. After cooling, color development was
measured at 620 nm. 33 was assayed as above but with
25 mm fructose mstead of fructose-6-phosphate and in
the absence of glucose-6-phosphate. The soluble protein
content was determined by the method of Lowry!™ using
bovine serum albumm as the standard. The enzyme
activity was measwred as micromole of sucrose or
sucrose-phosphate produced per min per milligram
protein.

Determination of contents of sucrose, glucose and
fructose by HPL.C: About 4 g of broceoli sample (for each
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portion) was mixed with 1 g sea sand and homogenized in
a cooled mortar and pestle. Ten ml of distilled water
was added to the homogenate and was centrifuged at
11 000 x g for 10 mm. The mixture was filtered through a
cellulose nitrate membrane filter (0.5 pum pore size). Soluble
sugars were analyzed by high performance liquid
chromatography (HPLC) using stainless steel column
(10.7 mm [Dx30 cm) packed with silica gel (gel pack C 610).
The filtered water was pumped through the column at a
flow rate of 1.0 mlmin™. The pressure was adjusted
to 14-15 kg cm ™ and the temperature to 60°C. A RI
momitor (Hitachi L-3300) was used. Sucrose, glucose and
fructose were identified by their retention times and were
quantified according to standards.

Statistics: A randomized complete block design was
adopted with three replications. The level of significance
was calculated from the F-value of ANOVA. The
relationship between sugar content and enzyme activities
were described by linear correlation analysis.

RESULTS

Weight loss: Percent weight loss of broceoli heads was
very high after 1 d of storage in both cultivars (Fig. 1).
This level rapidly decline to about 50% of the initial rate
during the next 24 h. After that, no sigmficant change was
observed throughout the experimental period.

Color assessment: In both cultivars, hue angle (used as
a measure of yellowing) gradually declined at the end of
the storage period (Fig. 2). ‘Sairn’ showed a faster rate of
hue angle decline than “Hartland’.

Sucrose synthase activity: In both cultivars, sucrose
synthase activity gradually increased in the florets
although with some fluctuations in the branchlets at the
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Fig. 1. weight loss of two broccoli cultivars stored at
20°C Vertical bars indicate S.E. which, when
absent, 1s concealed by the symbols
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Fig. 2. Color changes of head of two broccoli cultivars

stored at 20°C. Each point represents the mean of
three replications. Vertical bars indicate S.E. which,
when absent, 13 concealed by symbols
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Fig. 3: Changes in sucrose synthase activity in the
florets and branchlets of broceoli stored at 20°C |
Each pomt represents the mean of three
replications. Vertical bars indicate S.E. which,
when absent, 18 concealed by symbols
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Fig.4: Changes m sucrose phosphate synthase activity
in the florets and branchlets of broccoli stored at
20°C. Each point represent the mean of three
replications. Vertical bars indicate S.E. which,
when absent, 1s concealed by symbols
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end of the storage time (Fig. 3). In both cultivars,
branchlets showed higher activity than florets.

Sucrose phosphate synthase activity: SPS activity did
not change drastically in any portion of the two cultivars
at the end of the storage period (Fig. 4). But higher SPS
activity was found in the branchlets than florets.

Changes in soluble sugar content: Figure 5 shows the
changes in soluble sugar content in the florets and
branchlets portions of the two broceoli cultivars during
storage, respectively. Sucrose content decreased
gradually in the florets branchlets of two cultivars
throughout the storage period while there was no
remarkable change observed in glucose and fructose. A
higher amount of soluble sugars (sucrose, glucose and
fructose) were observed in the branchlets than florets in
both cultivars. Among the three sugars, the level of
fructose and glucose remamed higher than that of sucrose
in the florets as well as mn the branchlets of the two
cultivars.

Correlation coefficients (r) among enzyme activities and
sugar content: Table 1 shows the correlation coefficient
(r) among enzyme activities and sugar content in the
florets and branchlets of two cultivars. There was a highly
signmficant negative correlation observed between the SS
activity and sucrose content in the florets and branchlets
of both cultivars. There was no significant correlation
between sugar contents and SPS activity in any portions

of both cultivars.
DISCUSSION

Many physiological and biochemical changes
occurred when broccoli 1s kept at ambient temperature
after harvest. The major changes that we observed
include color change, weight loss, sugar content and
activities of sucrose metabolizing enzymes such as 33 and
SPS. Florets of broccoli head commenced yellowing
between 3 and 4 days after storage (as indicated by
decreasing hue angle values (Fig. 2). This is the most
striking symptom of the postharvest senescence of
broccoli which is regulated by ethylene!'d. Weight loss
was highest after 1 day of storage which is due to
moisture loss and loss in reducing substances of the
commodity. In the present study, 5SS activity gradually
increased 1 both portions of each cultivar until the end of
the storage period. This increased activity may lead to
degrade the sucrose level that accompanies the rapid
deterioration of harvested broccoli. In many instances,

it 15 assumed that SS 1s responsible for sucrose
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Fig. 5: Changes in sugar content m the florets and
branchlets of broccoli stored at 20°C. Each point
represents the mean of three replications Vertical
bars indicate S.E. which, when absent, 1s
concealed by the symbols.

degradation™*'”. In both cultivars, branchlets showed
higher S8 activity than that of the florets. Similar result 1s
found m the bottom portion of asparagus which showed
the higher SS activity than top portion®. The branchlets
portion is composed of sink tissue. Gastonguay and
Paul"™ reported that SS activity is high in sink tissue than
source tissue. In branchlets soluble protemn contain is
lower than florets because of higher protein degradation
in branchlets than florets during storage at room
temperature”**. On the other hand the amount of sucrose
produced min was higher in florets than branchlets. This
indicate that the SS activity was higher in branchlets that
florets since the enzyme activity was expressed as amount
of sucrose produced min ' mg ™' of protein. There was no
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Table 1:  Correlation coefficients (i) between the enzyme activities and
sugar content in the florets and branchlets of two broccoli

cultivars

Correlation value ()

Sugar content  Cultivar Portion SPS 88
Sucrose Hartland Florets 0.157 -0.961™
Branchlets 0.176 -0.598™
Sairin Florets 0.327 -0.990™
Branchlets 0.360 -0.697"
Glucose Hartland Florets 0.144 0.346
Branchlets 0.210 -0.418
Sairin Florets 0.309 -0.531"
Branchlets -0.298 -0.285
Fructose Hartland Florets -0.195 0.153
Branchlets 0.117 -0.475"
Rairin Florets 0.271 0.379
Branchlets -0.081 -0.526"

8PS=sucrose phosphate synthase, 8S=sucrose synthase,
“"denote significant at p=<0.05 and p<0.01, respectively, n=18

significant change in the SPS activity in both portions of

each cultivars during storage period. Soluble sugars
decline substantially throughout the storage period and
concentration was higher in branchlets than florets in
both cultivars. King and Morris™ reported that soluble
sugar concentration (sum of glucose, fructose and
sucrose) was lower in floral section (florets) than base
section (branchlets) in broccoli.

Sucrose content change rapidly but the ratio of
glucose and fructose did not alter markedly in both florets
and branchlets during storage period (Fig. 5). The low
sucrose content could be due to an enhanced flow of
sucrose to the actively respiring cell and thus may cause
the observed reduction in stored sucrose level seen in the
broceoli.

There was a highly significant negative correlation
between SS activity and sucrose content in the florets and
branchlets in both cultivars (Table 1), suggesting that the
decrease of sucrose content was associated with increase
in the 85. Such correlation has previously been observed
in asparagus spear’”. They reported that sucrose is the
major sugar which 1s cleaved by mvertase and SS to the
same direction. Based on the above study, it was found
that S8 cleaves sucrose in broccoli during stored at 20°C.
It was also found that “Sainn’ and ‘Hartland” followed
similar patterns of postharvest changes m S3, SPS, sugar
content and color changes but “Sairin” showed higher 58S,
SPS activities and sugar content and became yellow
earlier than ‘Hartland’.

These differences ndicate that changes in SS and
SPS activities play a major role in early post harvest
senescence in broccoll. Further studies at the molecular
level are suggested for depth understanding of the
deteriorative  process controlling storage sugar in
broceoli during postharvest senescence.
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