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ABSTRACT

Two experiments in 1993-1994 and 1994-1995 seasons were carried out
at a private farm in Meniet El-Sebaa-Banha, Qalubia government, on broccoli
cultivar "De Cicco™ to study the physical and chemical changes in spears during
development and storage for determining the maturity stage. The rate of increase
in spear diameter, stem diameter and fresh weight started rapidly till 20 days afier
planting then a moderate increase occurred till last of the age A quick
accumulation in T.8.8., and chlorophyll up to the age of 20 days then a slow
decrease trend in the last ages was noticed. The spears maturity stage of the
variety "De Cicco™ was reached after 20 days from bud formation which in the
same time coincided with the most suitable age for harvesting.

INTRODUCTION

The wide area and the great advances in techniques and methods of
broccoli spears production in Egypt during the last decades, perhaps open
enormous pathways for exportation In spite of some scientific papers on
improving post harvest physiology of this crop have poured from foreign
laboratories all over the world, there is a lack in the scope about this matter in our
country which now a days 1s an emergent target So. the determination of maturity
stage was the most in this concern Studies on the physical and chemical
characteristics of the spears during storage may help in determining this stage of
spears growth. Thus. a more objective approach to determine the maturity stage
of spear came from evidences of some research works done during spear
development. Thus. on some broccoli varieties, 1t was found that positive increase
1 head dimensions was seen with the progress of head development (Borchers,
1968). However, most observations on broccoh gave similar conclusion. For
example, it was found in many tested varicties of broccoli that a gradual increase
in head weight occurred till the preharvest periods then followed by a slight
increase up to the harvest stage (Marshall and Thompson, 1987a and 1987b).

Concerning stem diameter. many evidences cleared that this character in
cauliflower increased with age advance in a curve-lincar shape (Salter. 1969)

Another picture was observed 1in cucumber fruits when ascorbic acid
content increased in the early stages of growth then decreased considerably and
consistently with age advance { Abd El-Ghaffar, 1964)
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The chemical changes in chlorophyll content during broccoli spears
develepinent were studied in some varieties. Hence, a study on brocceli CV.
Shogun {Tian et a/., 1995), showed that big amounis of these pigments were
found in the spear, at the maturity stage then rapid breakdown followed with

aging.

Considerable progress has been made to wards the determination of
sugars in broccoli spears. It was found that these spears contained 5.9% sugars at
maturity (Hassan, 1989).

Spear decay, as a criterion happened during storage, was affected by the
age of the stored spears. For example, when broccoli spears at three stages of
maturity were stored for 20 days the most mature spears proved to be the best
from the stand point of keeping quality (Stork, 1981). On snap beans, the changes
in T.5.8. were followed in different pod ages. The determinations showed that
T.S.S. had a fluctuating behaviors in the various ages during room temperature
storage (Shanan, 1967),

Concerning chlorophyll behavior during storage of different ages of
broceoli spears, there was an agreement among the investigators that the green
colour vanish gradually in all the examined ages with the extend of storage
periods (Stork, 1981 and Tian ef al., 1995).

Changes in sugars during storage of different fruit ages were alsc
followed in some vegetables. Thus, it is easy to detect that total sugars in various
ages of winter white cabbage decreased during storage (Nilsson, 1993),

MATERIALS AND METHODS

The variety "Do Cicco" of broccoli (Brassica oleracca L., var. italica
plank) was used in this investigation. Two trials were conducted in a private farm
at Miniut El-Sebaa near Banha, Kalubia Governorate during the two successive
winter seasons of 1993-1994 and 1994-1995, seasons to follow the spear
developmental stages so as to deicrmine the maturity stage. The soil type of this
area is silt-loam.

A- Developmental stages:

Seeds were sown in seedbed on September 15" and transplants were shifted
to the field on October 29™ and 28" for the first and second experiments, respectively.
The used spacings were 70cm apart in rows and 50cm between plants. When the buds
begin to form spears they were labeled every 5 days starting from 20" and 14"
Decembser, uptill 14 and 8% Januagr during the two scasons of 1993-1994 and 1994-
1995, respectively. On 19™ and 13 January in the previous two seasons, ail labeled
spears were harvested. Thus, there were spears of six ages, i.e. 5, 10, 15, 20, 25 and 30
days. The harvested spears were immediately transferred to post harvest laboratory
which belong to the Department of Horticulture, Faculty of Agriculture, Al-Azhar
University. The sound and healthy spears were chosen for the physical and chemical
analysis on the following items:
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a  Physica! characteristics: Spear diameter, stem diameter, and fresh weight.
b Che el characteristics: Total soluble solids, ascorbic acid, total
ciL e ohvl (oial sagars, and dry weighit.

B - Bterpge of the developriental stages:

recoli spears of S, 10, 18, 20, 25, and 30 days age were stored under
room {cmperature conditions at 20+2°C and 52-56% R H. They were placed in
open cardboard carion boxes (30x20x10¢m) in three replicates. Samples were
taken at random from each replicate and were examined every 2 days for the
following characteristics:
a. Physical changes: Loss in weight and unmarketable spears percentages.
b. Chemical changes: Total soluble solids, ascorbic acid, total chlorophyli, and

total sugars.

Determination procedures:

a- Physical characteristics:

1- Diameter: The average diameter of the spear and its stem was estimated by
vernier caliper in cm.

2-  Fresh weight: The average weight of the spears was determined in g,

3-  Loss in weight percentage: The percentage of loss in weight was calculated
as follows:

Loss in weight% = Loss in weight at the sampling date <100
The initial weight of spears
4- Unmarketable percentage: The perceniage of unmarketable spears was
determined according to the following equation:
Total numnber of unmarketable spearsat the sampling date
Unmarketable spears (%o} = x 100

The initial number of spears

b — Chemical characteristics:

I- Total soluble sclids percentage was determined by Abbe refraciometer
(A.O.A.C., 1980).

2- Ascorbic acid content was determined by using the dye 2.6
dichiorophenolindophenol method (A.QO.AC., 1980). The results were
calculated as mg/100 g fresh weight.

3- Total chlorophylls concentration was determined as mg/100g fresh weight
according to Robbelen method (1957).

4- Total sugars were determined adopting the colorimetric method for the
determination of sugar and related substances according to Dubois ef af.
{1956). The results were calculated as g/100 dry weight.

5- Dry weight percentage was determined by weight. One hundred g fresh
spears was oven dried at 70°C till constant weight was reached. The results
were calculated as g/100 g. fresh weight.

Statistical analvsis:
The physical and chemical results of the spear developmental stages
were statistically analyzed by using Goodness of fite Method (George, 1963).
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RESULTS AND DISCUSSION

A- Developmental Stages:

The spear growth of broccoli var. "De Cicco® has been followed by
measuring a nunber of physical and chemical attributes such as spear diameter,
stern diameter, fresh weight, total soluble solids, ascorbic acid, total chlorophyll,
total sugars and dry weight. Growth curves based on these measurements showed
characteristic forms which have been the subject of our discussion.

a- Physical characteristics:

It is clear from Fig. (l-a) that there was an increase trend in spear
diameter during the different developmental stages in both seasons of 1993-1994
and 1994-1995. These increases in diameter were statistically of the curve linear
type. In other words, the spear diameter was characterized with a rapid growih
from the period of 5 to 20 days age which was followed by a slow increments up
to 30 days. However, it was obvious that the type of growth of broccoli spear may
be classified as one cycle growth which mean a type of continuous growth.

The resuits of the changes in stem diameter during growth in the two
seasons of 1993-1994 and 1994-1995 (Fig. 1-b) indicate clearly that there was a
curve linear with aging. The obtained values of stem diameter reflected a sharp
increase during the period from 5 to 20 days age then a slower increment was
followed till the age of 30 days. However, the resulted curves for stem diameter
coincided with those obtained for spear diameter.

From the statistical point of view. the data of spear weight (Fig. 1-c) clear that
this character increased in curve linear type with aging in both seasons of 1993-1994
and 1994-1%95. However, the figures exhibited a rapid increments in the initial periods
of growth up to 25 days then followed by a moderate one till 30 days age.

b- Chemical characteristics:

The data obtained on the changes in T.S.S. during spear development in
the two seasons of 1993-1994 and 1994-1995 (Fig. 2 -a) show that these contents
increased rapidly till the age of 20 days then a slow decline followed establishing
a curve linear type up to the last examining age. (30 days). This is agreement with
(Abd El-Ghaffar, 1964) on cucumber.

The results of the changes in the spears ascopbic acid content during
development in the two seasons of 1993-1994 and 1994-1995 (Fig. 2-b) suggest a
curve linear relationship between vitamin concentrations and spear age. However,
the resulted values show clearly that ascorbic acid content increased quickly with
age advance till the age of 20 days after which a slight drop happened in the
following last ages. (25 and 30 days).

The effect of aging on the total chlorophyll content in the spears during its
development in both seasons of 1993-1994 and 1994-1995 (Fig. 2-c) exhibit that the
green colour pigments increased rapidiy up to the age of 20 days then a very quick
lessen happened up to the final checked age of 30 days. This indicates, clearly that the
age of 20 days contained the maximum values of total chlorophyll.
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The changes in total sugars during development of the spears in the two
seasons of 1993-1994 and 1994-1995 (Fig. 2-d) indicate that these contents
increased quickly and gradually with age advance till a peak reached in the age of
20 days. This peak was followed by a slow decrease trend in the last periods of
growth, However, the trend of total sugars dining spear development showed a
carve lincar type from ihe statistical point of view. This is agreement with
(hassan, 1989) on broccoli.

B- Storage of developmental stages :

Recognition of the proper picking stage of the spears depends on the
highest guality required for market accompanied with the ability to be stored for
long periods. However, the fore mentioned basic data cleared the features of the
various developmental ages of broccoli spears variety "De Cicco”. More
information in this chapter which endeavurs to describe the behavior of the
different spears ages during storage may enables us to determine the maturity

stage of these spears.

a- Physical changes:

The results of the loss in weight percentage in the different stored spear
ages (Table I) clear that a continuous loss in weight occurred with the cxtending
of the storage periods in both seasons of 1993-1994 and 1994-1995. When the
results of the various ages were put in comparison, the first demonstration is that
the spears of 20 days age exhibited approximately the least loss during the various
storage periods in the two seasons,

Table (1): Changes of the physical characteristics in the various spear
developmental stages during storage.

oge indays
1933-1994 season 1994-1995 season

2 | 4 | 6 | 8 2 | 4 1 6

Losses in weight (%)

33.70 | 61.40 - 17.50 | 358

9.90 ;| 1950 | 40.30 - 10.30 | 20.40

15.40 | 27.80 - 9.80 16.50

11.20 | 23.20 | 33.90 7.40 2.20

13.20 | 25.20 - 730 | 14.40

12.50 { 23.90 - 710 | 13.20

Unmarketable spears (%)

80 100 - 50 85

80 100 - 50 30

80 100 - 50 80

20 30 - 20

100 60 85

100 60 83
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The data of the unnwarketable spears percentage in the various stored
developmental ages (Table 13 i both seasons of 1993-1 994 and 1994-1995 clear
that this percentage increased gradually in all the stored ages till the end of the
storage periods. However, the results were in favor of those spears of 20 days age
which exhibited the least percentage of unmarketable spears throughout the
various storage periods.

The values in Table (2) show the effect of different storage periods on
the T.S.S, content in the various developmental spear ages in the two seasons of
1893-1994 and 1994-1995. It is clear that, T.S.S, in all the stored spear ages
exhibited a gradual decrease trend with the advance of storage periods. However,
the spear age of 20 days kept the highest T.8.5. content during the various storage
periods. This is agreement with {Shanan, 1976) on snap been pods.

The changes happened during storage in ascorbic acid content in the
various spear ages in the two seasons of 1993-1994 and 1994-1995 arc shown in
Table (2). It is obvious that ascorbic acid decreased in all the various ages as the
storage periods elapsed. However, the most striking observation was noticed in
the spears of 20 days age which dominantly kept the highest concentrations of
this vitamin all over the storage periods.

Data pertaining to the total chlorophyll concentrations in the various
stored spear ages during the two scasons of 1993-1994 and 1994-1995 clearly
show a general gradual decrease in this content (Table 2). The most favorable
result came from the spears of 20 days age which lost comparatively the least
concentrations of this colour all over the storage periods.

Tabulated data in Table (2) show clearly the changes happened in the
stored spears content of total sugars in the two scasons of 1993-1 994 and 1994-
1995. [t is obvious that total sugars content in all the stored spear ages exhibited a
gradual decrease trend with the advance of storage. However, it is apparent that
the age of 20 days comparatively contained the highest total sugars during the
whole storage periods than the other stored ages. These results agreement with
{Nilsson. 1993) of winter weighi cabbage.

C- Determination of the maturity stage:

When the results of the various stored ages were put in comparison, the
first demonstration observed is that spears of 20 days exhibited the least loss in
weight and the minimum percentage of unmarketable spear during storage. Also,
it dominantly kept the highest concentrations of T.S.8., ascorbic acid, chlorophyll
and total sugars dining storage. Thercfore, it can be concluded that the spear age
of 20 days coincided with the maturity stage or the variety "De Cicco” of
broccoli. This age was characterized with a range of 18.90 to 22.90 cm spear
diameter, 3.50 ta 3.65 cm stem diameter, 147.50 to 164.90 g weight, 10.60 to
10.90 %T.8.S., 100.70 to 105.20 mg/100 g fresh weight ascorbic acid, 54.60 to
55.10 mg/100 g fresh weight total chlorophyll, 49.70 to 50.90 g/100 g dry weight
total sugars and 11.78 to 11.89 g/100 g fresh weight dry weight.
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Table (2); Changes of the chemical characteristics in the various spear
develamental sta €8 dunn storage.

Age e Storagg geriods in days
#  in 1993-1994 sexson 1994-199S5 season
Hdays [0 T 2 [ 4 | 6 0 [ 2 T a4 ] s
h T.5.8.%
L 5 4.80 3.10 2.00 - 4,80 3.00 1.9 -
§ 10 6.80 5.20 2.30 - 6.90 5.00 2.10 -
| 15 7.50 5.60 2.70 - 7.80 5.20 2.20 -
20 10.60 | 7.80 5.40 2.90 1090 | 7.50 510 2.50
25 10.30 7.50 5.00 - 10.00 7.20 480 -
30 10.00 7.00 4.20 9. 80 6.40 3,80 -
‘ Ascorbic acid (mglllm)gtf w.)
E S 1960 | 1450 | 1030 2320 | 17.30 | 11.406 -
10 40.17 { 3520 1 30.10 - 4510 | 37.60 | 32.30 -
15 69.80 | 6020 | 50.10 - 76.30 | 32.10 | 53.10 -
29 100.7 | 9030 | 81.90 68.4 105.2 | 92.00 ! 83,80 | 65.40
15 90,20 | 80.90 | 69.40 - 1014 | 8270 | 72.50 -
30 8540 | 7860 | 67.10 - 97.40 | 76.20 | 63.10 -
Total chlorophyll (mg./100g.fw.)
5 18.80 9.60 1.60 - 16.60 8.80 1.50 -
10 32.40 | 19.10 1.50 - 31.30 | 18.20 1.40 -
15 4930 | 25.60 1.50 - 48.20 | 2320 1.40 -
20 | 5460 | 36.50 | 10.60 1.40 55.10 | 3270 | 8.90 1.30
25 ] 5020 [ 2430 | 180 - 49.80 | 22.60 | 1.50 -
30 35.60 § 19.70 1.60 - 3420 | 17.90 1.30 -
Total sugars (g:100 gdw)
35 10.70 6.30 3.30 10.50 6.80 3.00 -
| 10 2000 | 13.30 7.40 - 21.30 ¢ 12.50 7.20 -
g 15 3400 | 22,70 | 12.80 - 3530 | 20,60 { 11.70 -
20 4970 | 4030 | 30.10 | 1950 | 5090 | 41.40 | 29.70 | 18.60
7 25 4230 | 31.60 | 20.40 - 43.20 | 30.10 | 18.20 -
1 30 39.00 25 30 15.30 - 38 20 26.70 17 00 -

On discussing the results of spear development, it is clear that both spear
and stem diameter beside spear fresh weight were characierized with a rapid
growth period from the age of 5 to 20 days for the first two characiers and
extended to 25 days for the third one. This was followed by a slow increments up
to the last examining age of 3¢ days. However, it is quite possible to say that the
increase in the physical characters of the spear may be attributed to the
considerable cell expansion after the early period of cell division (Abo-EI- Hamd,
1981). From another point of view, the rapid and slow increases in the spear
physical characters during its growth cycle may be physiologically explained
through the work done on the fruits of watermelon by Pratt (1971) and tomato by
Abd- Ei-Rahman et al. (1975) who related these periods to the changes happened
in the levels of IAA, GA3 and cytokinins. Our obtained results may clear that

L

|
o
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these growih substances increased progressively in the first periods of spear
growth then tended to lessen in the latter stages of development. The previous
results are relatively in agreement with those found by some research workers
during the development of broccoli spear diameters, and stem diameter (Borchars,
1968 and Salter 1969), stem diameter and fresh weight (Marshall and Thompson,
1987a, 1987D).

If we have a look to the obtained data of the chemical characteristics, the
results of T.S.S. show a rapid increase up to 20 days age followed by a decline till
the last age. However, it may be clear to our knowledge that the changes in 1.8.S.
during the growth of fruits, i.e. the spear here, are the resultant of some aspects
such as the movement of water and soluble solids to and from the spear, the
inversicen of insoluble compeounds to simpler soluble forms and respiration which
may add or decrease these contents. So, the prevalence of one or more of these
factors during fruit development may accumulate or lessen the contents of T.S.S.
(Hulme, 1970).

The trend of ascorbic acid results resembled that it increased till the
spear age of 20 days then a drop happened. To explain this trend, it is well known
that ascorbic acid acts as a catalyst in respiration and in the same time it had
important roles in the biological and biochemical oxidation-reduction reactions
during the various vital processes occurring in the froits (Ming-Long Liaw and
Paul, 1987). On the other hand, the natural occurring ascorbic acid is L-ascorbic
acid and the other ascorbic analogues. Fruits synthesis this vitamin from the
precursor of hexose sugars which depends on an adequate photosynthetic activity
(Huime, 1970). Thus, nutritionally speaking, the increase in this vitamin during
spear development may be due to the high rate of Hexosc sugars synthesis and in
the contrary the decrease may be attributed to its exhaustion during respiration
and its transfer to the oxidized form.

Regarding the results of chlorophyll, it is obvious that the spread of this
color in the spear took the same trend seen in both T.S.S. and ascorbic acid.
However, it was established thai some mature green tissues are capable of
chlorophyll biosynthesis and the capacity to syathesize chlorophyll is probably a
form of chlerophyll restoration (Bnzzsiz and Roheiz, 1978 and Tian ef al., 1995).
On the other hand, the progressive diminish of chlorophyll with aging may be due
to the continuous chlorophyllase activity in the breakdolvn of chlorophyll by
catalyses the removal the phytol group (Hulme, 1970).

The favorite results came from the spears of 20 days age which exhibit
the least loss during all these periods. The general trend of loss in weight,
however, was expected because it was known that this criterion which happened
during storage resulted from the loss of water by transpiration and the dry matter
by respiration (Hulme, 1970).

The appearance of the unmarketable spears during storage of the various
developmental ages was also expected. Best results were obtained from using
spears of 20 days age because it showed the minimum percentage during the
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whole storage periods. However, this feature may be atiributed to the continuous
chemical and biochemical changes happened in spears during storage which led
to moisture condensation and trails-formation of complex compounds to simple
forms of more liability to fungus infection, such as the change from the solid
protopectin {o the soluble pectin form (Pilnik and Voragen, 1970 and Stork,
1981).

Following the chemical changes in the various spear ages during storage,
it is obvious that a general trend of decrease took place in the contents of T.S.S.,
ascorbic acid, chlorophyll and total sugars, However, the spear age of 20 days
showed the least loss in these contents during storage. However, the question of
the exerted decrease in T.5.5. may be accounted to the continuous loss in these
contents through respiration (Hulme, 1970).

In explaining the decrease trend happened in ascorbic acid content
during storage periods in all the stored spear ages, that ascorbic acid plays an
important role as a catalyst in respiration and has vital part in the biological and
biochemical oxidation- reduction reactions during the various processes occurring
in stored fruits (Ming-Long Liao and Paul, 1987). thus, this universal component
of plant cell which is especially abundant in tissues of high metabolic activity is
rapidly oxidized at least by five enzyme systems (Hulme, 1970).

The diminish in spear chlorophyll content during storage may be cleared
from the biochemical pathways of chlorophyll metabolism and lipid peroxidation.
Evidences, however, suggested the involvement of at least four enzymes in the
initial chiorophyll degradation (Hulm, 1970).

The gradual decrease in total sugars content during storage of spears
may be attributed to its utilization in respiration (Whiting, 1970).
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