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ABSTRACT

This work was done to study the effect of storage temperature and fiilm-head
wrapping on the postharvest appearance and compositional quality changes of
Fy0175 and Landmark broccoli cultivars. Wrapped and unwrapped samples were
stored at refrigerated storage (0°C or 5°C and 90-95 % RH} or at room temperalure
{about 20°C and 60 % RH). The latter samples were monitored daily while batches
stored at 0°C and 5°C were sampled at 5 days intervals, including one day at retail
conditions {15°C}. Changes in weight loss, visual quality and chiorophyll, ascorbic acid
and protein contents were used to access broccoli deterioration. The results show thal
higher temperatures accelerated the rate of deterioration of stored samples. Film
wrapping was effective in retarding loss of quality throughout the storage period, and
helped in retarding deterioration when temperature cannot be maintained near 0°C.
Wrapped Landmark held at 0°C was the best treatment for long-term maintenance of
quality, whereas unwrapped F,0175 held at room temperature was the worst.

Key words: Brassica oferacea, femperature, wrapping, storage, quality, chiorophyil,
ascorbic, protein.

INTRODUCTION

Broccoli (Brassica oleracea L., ltalica group) is a floral organ
containing immature fissue that is actively growing at harvest. When
harvested, the floral apices are separated from nutrients, hormones and
energy supplied by leaves and roots. Consequently, broccoli florets senesce
rapidly as is typical of commodities harvested before physical growth has
ceased (Huber, 1987, Tian et al., 1994 and 1997, Fan and Mattheis, 2000).

Major physiological and biochemical changes occur in broccoli after
harvest. Water loss result not only in appreciable weight loss but also in less
attractive broccoli of poorer texture and soft tissues, and lowered quality
(Hardenburg et al., 1986; Brennan and Shewfelt, 1989; Toivonen, 1997). The
most obvious characteristic of broccoli post harvest senescence is sepal
degreening due to chlorophyli degradation (Shewfelt et al. 1984; Rushing,
1990; King and Morris, 1994a; Tian et al., 1994, Yamauchi and Watada,
1998). In addition, rapid decline in protein and vitamin C content occur as
broccoli deteriorate (Toivonen, 1992; King and Morris, 1994b: Tian ef a/ .
1997; Lee and Kader, 2000)

Cooling to 0°C is the primary mean of maintaining good salable
conditions, fresh green color and vitamin C content (Hardenburg et a/., 1986;
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Brennan and Shewfelt, 198%;Forney et af, 1989; Gillies and Toivonen, 1995;
Forney, 1995; Pogson and Morris, 1997). When broccoli is stored at 0°C with
55% relative humidity, quality can be maintained for 2 to 4 weeks (Ryall and
Lipton, 1979; Hardenburg ef al, 1986 Makhlouf el al., 1989, Cantwell and
Kasmir, 2002). On the other hand, sforing broccoli at less favorable
conditions will accelerate quality deterioration (Brennan and Shewfelt, 1989;
Forney and Ri, 1991, Zhuang et al, 1997). When held at ambient
temperature, broccoli will yellow and become unmarketable in 1-3 days
{Makhlouf et al, 1989; King and Morris, 1994a; Forney, 1895, Pogson and
Morris, 1897 ; Cantwell and Kasmir, 2002).

Utilization of permeable polymeric films to achieve modification of
package atmospheric gases concen'ration offer ample potential to exlend
broceoli shelf life (El Kashif et al., 1983; Forney ef al., 1989, Forney and Rij,
1991; Schlimme and Rooney, 1994). Atmospheric modification within a
package develops as a result of the respiration rate of the plant tissue and
gas diffusion characteristics of the film (Forney et al,, 1989, Fornay and Rij,
1991, Kader et af, 1989; Schlimme and Rooney, 1994 ; Kader, 2002).

Wrapping broccoli in polymeric films retards water loss, (Rij and Ross
1987, Forney et al, 1989) enhances maintenance of visual quality, {Rij and
Ross 1987, Forney et al, 1989; Barth ef al,, 1993 a) retention of green color
and total chlorophyll content (Shewfeit el af, 1983; Rij and Rass 1987, Barth
ef al, 19%3a, b and ¢) and minimizes the loss of protein and vitamin C
content {Barth et &/, 1993 a, b and ¢; Lee and Kader, 2000).

Although, broccol) is of a high nutritional value and its production and
consumption has increased sharply in many countrigs, it is not well known in
Egypt, where it is newly introduced and information on the post harvest
behavior of broceoli under Egyptian conditions is scarce.

This study has been conducted to evaluate the effects of cultivars,
storage temperatures and wrapping on the maintenance of broceoli
postharvest quality.

MATERIALS AND METHODS

Landmark and F,0175 broccoli plants were grown at Kaha
Experimental Station, Horticulture Research Institule, Agriculture Research
Center, during the twa seascns of 1997- 1998 and 1998- 1999. Culture
practices recommendations were followed whenever needed, according to
Hassan, (198%3). At maturity, heads were harvested, stripped of remaining
leaves and transported to the laboratory within two hours of harvest. The
heads were immediately stored and kept overnight at 0°C with 80- 95 %
relative humidity. The foilowing morning one half of the heads of each cultivar
was [eft unwrapped and the other half was wrapped individually in a polyvinyl
chioride {PVC) sfretch film (Pro-Pack, taly), then edges were sealed with a
hot-plate sealer machine. Each head either wrapped or unwrapped was
weighted, labeled and placed in carton box, each box contained three heads.
Samples were stored either at refrigerated starage (0°C or 5°C and 50-95 %
RH) or at rcom temperature (about 20°C and 60 % RH). The latter samples
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were monitored daily while the cold stored broccoli sampies were examined
every 5 days as follows: after 4, 8, 14, 19 and 24 days of cold storage. three
randomly selected boxes of each treatment were transferred to retail storage
temperature (15°C) for an additional 24 hours before evaluation. This
represented a total storage of 5, 10, 15, 20 and 25 days, respectively.

All broccoli of the two seasons were represented in three replicates
(comprised of 3 heads each) and devoted to the following physical and
chemical analysis before and after storage.

Weight loss percentage was estimated according to the following
equation: Weight loss % = [{(initial weight of heads- weight of heads at
sampling date) / initial weight of heads} x 100}.

Visual qualily was determined using the following rating score system:
9 = Excellent, 7 = Good, 5 = Fair, 3 =Poor, 1 = Unusabie, (Kasmire et al.,
1874; Forney and Rij, 1991; Able et al., 2002), which depends on whether
there is any morphological defects such as shriveling, limpness, loss of
compactness or color, floret opening and presence of physiciogical and
pathological defects.

The term “storage life" refers to the time required for the sample to
detericrate from a rating of 9 (field fresh} to 3 (poor) (Watada and Morris,
1996).

Total chiorophyll was determined using fresh samples of the florets
{Ranganna, 1979).

Ascorbic acid was determined using fresh samples of the florets
{Ranganna, 1979).

Total protein was determined using dry samples (Koch Mcmeekin,

1924).
Statistical Analysis; The experiment was a factorial completely randomized
design with three replicates. The data were tabulated and analyzed for
statistical significant differences using the LSD test at 0.05 level of
significance, according to Snedecor and Cochran {1989).

RESULTS

1. Effects of Cultivars and Wrapping on Broccoli Stored at Room
Temperature.

Weight ioss. The results in Table (1) indicate that weight loss at room
temperature was significantly affected by cuitivar, wrapping and storage time.
During the three days of storage, the F,0175 cultivar had higher weight loss
percentage when compared with Landmark. Wrapping greatly affected weight
loss. Regardless of cultivar, unwrapped heads lost 5.25% and 5.23% of their
weight in 1997-1998 and 1998-1999, respectively after 2 days of storage.
Visual quality. The resuits in Table (2) show a continuous significant ioss in
visual quality with extending storage in both seasons. Cuitivar Landmark
surpassed F,0175 in visuat quality during slorage. Wrapping was effective in
minimizing loss of quality for both cultivars.

Total chiorophyll content. The results in Table (3) reveal that cuitivar,
wrapping and storage time had significant effects on chlorophyll content.
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Chlorophyll content was (30.64 & 31.01) and (25.56 & 25.56) for F,0175 and
Landmark, respectively, in both seasons, and diminished gradually with the
elapse of days. Chloraphyli degradation was higher in unwrapped heads than
wrapped ones and this resu't holds true for bath cultivars during storage.
Ascorbic acid content. The resuits in Table (4) reveal that cultivar, wrapping
and storage time had significant effects on ascorbic acid content. Landmark
contained higher ascorbic acid than F,0175. Wrapped broccoli was higher in
ascorbic acid content than unwrapped heads. Regardiess of cultivar, the loss
in ascorbic acid of wrapped broccoli was 32 7% and 33.9% for the twao
seasons. respectively, while that of unwrapped heads was 47.0% and
458.2%.
Protein content. The results in Table (5) show that there was a significant
declining trend in protein centent in all treatments during storage. The
percentage of decrement in protein content for F,0175 was higher than that
for Landmark after 3 days of storage. Moreover, protein degradation was
higher it unwrapped broccoli heads during the 3 days of storage.
2. Effects of Cultivars and Wrapping on Broccoli Stored at
Refrigerated Temperatures.
Weight loss. The results in Table (6) demonstrate the effects of temperature
and wrapping on the weight loss of the two broccoli cultivars. Stored broccoli
heads showed significant weight loss as the storage period extended, the
highest weight Joss values were obtained at the end of storage. A varietal
difference was detected between the two cultivars. The loss in weight was
lower for Landmark than F,0175. The loss in weight of wrapped F;0175
reached 6.75 and 6.98 after 25 days of storage at 0°C, while that of
Landmark was 3.16 and 4.53 at 0°C and reached 5.16 and 5.60 after the
same period at 5°C, The results also reveal that temperature had a significant
effect on weigh toss. Low temperature {O°C} proved to be effective in
reducing the percentage of weight loss during the whote storage time. The
rate of weight loss tended to be higher with high temperature. Wrapping had
a more striking effect on reducing weight loss. During the first 10 days of
starage, the loss in weight was significantly less for wrapped samples. which
lasted longer than unwrapped heads.
Visual quality. The results in Table (7) indicate that visual quality decreased
progressively as the storage period was prolonged. The resuits also show
that the rate of decrement in visual quality was higher for F,0175 than
Landmark. After 25 days of storage at 0°C, wrapped F10175 broccoli became
unusable while wrapped Landmark was fair and became unusable when
stored at 5°C for the same period. Broccoli heads stored at 0°C were visually
better than those siored at 5°C, especially when extending the storage
period. Visual quality was significantly maintained by wrapping. During
storage, wrapped broccoli bad higher visual quality values as compared with
unwrapped heads, this holds true for both cultivars at the two temperatures.
Total chlorophyif content. The results in Table (8) show that storing broccoli
heads resulted in a significant decrease in head chlorophyll content, a
general trend of decrease took place till the last storage pericd
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The results also reveal the presence of a significant difference in chlorophyll
content in favor of F,0175 over Landmark. Irrespective of cultivars or
wrapping, the data indicate that storing broccoli at 0°C was significantly
effective in decreasing the loss in chiorophyl! content as compared with 5°C.
Wrapped heads contained significantly higher chlorophyll content than
unwrapped heads. Wrapping was effective in arresting the loss in chlorophyil
and became more prominent as temperature and storage time increased. At
the end of storage, chiorophyll content of wrapped braccoli held at 0°C were
aimost comparable for both cultivars, though F,0175 contained higher
chlorophyll content at the beginning.

Ascorbic acid content. The results in Table (9) show that ascorbic acid
content has significantly declined as the storage period extended. F(0175
contained lower ascorbic acid content when compared with Landmark. Both
temperature and wrapping had significant effects on ascorbic acid content.
The highest ascorbic acid content was detected in wrapped broccoli stored at
0°C for both cultivars.

Protein content. The resuits in Table {10) reveal that protein content
decreased gradually towards the end of storage period. Landmark retained
higher protein content after 10 days of storage when compared with F,0175,
though the latter was higher in its content at the beginning of the storage.
This indicates that protein degradation was much greater in F,0175. Storing
broccoli at 0°C and wrapping decreased the loss in protein content for both
cultivars during the storage.

3. Correlation among various physical and chemical characters

Table (11) gives Pearson's pairwise correlation coefficients between
the various physical and chemical traits of broccoli heads. The correlation
coefficients are all highly significant at the 0.001 level, and are fairly high in
absolute values indicating fairly strong relationships among the various
characters. In fact, while visual quality, chlorophyll, ascorbic acid and protein
content are inversely (negatively) related to weight loss, they are positively
related to each other, and this holds true at both room and refrigerated
temperatures. The correlaticn coefficients were similar in magnitude for the
two cultivars, except that the relationship between chlorophyll content and
each of the other traits seems to be a bit stronger for F;0175 compared with
Landmark at cold temperature.
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Table {11): Pairwise correlations among various physical and chemical
Characters of broccoli heads.

Weight | Visua! |Chlorophyll | Ascorbic Protein
LL Loss | Quality | Content Acid Content
Jeight Loss | L -0.942 -0.739 -0.886 -0.852
%al Quality -0.865 | 08638 0.826 0.810
hlorophyll Content | -0.617 | 0.779 0.778 0.648
[Ascorbic Acid -0.850 | 0.92¢ | 0.848 0.903
Protein Content -0.867 | 0.853 0.676 0817 [

(1) The correfations below diagonal are for heads stored at room temperature, while
those above dlagonal are for heads at cold storage.
{2) A)) correlations are highly signiticant at the 0.001 level.

DISCUSSION

The results show that there was an increase trend in the loss in weight
with advancement of storage time (Tables 1&6). This continuous loss in
weight during storage resuits from the loss of water by transpiraticn and dry
matter due to respiration. Water accounted for 86 % to 90 % of the total
weight loss in the broccali (Forney et al., 1989). The data also show that the
weight loss of two broccoli cultivars, stored at room temperature for 3 days,
was higher than those held at refrigerated stores for 10 days. Zero
temperature was effective in minimizing weight loss than 5°C. The great
weight 'oss in room temperature samples may be due lo the fact that the drier
the storage air, the more rapid the loss of water from stored products.
Whereas, the reason for the difference in weight loss between 0°C and 5°C
may be that the water loss is faster at a high temperature than at a low one,
when the relative humidity is the same, as well as the effect of low
temperatures in reducing metabolic activity (Ryall and Lipton, 1972 and
Hardenburg &t al., 1986},

Furthermore, a gradual significant reduction in chlorophyl, ascorbic
acid and protein contents was noticed with the progress of storage time. The
rate of deterioration was higher in broccoli held at room temperature than in
those stored at refrigerated temperafures. That is because holding
commedity above the recommended temperature accelerates respiration and
ethylene production and subsequently enhance deterioration. Accarding to
Kadder (2002), the rale of deterioration increases by two to three folds for
each increase of 10°C above agptimum temperature. The longer the period
during which the temperature is above the optimum, the grater the loss of
quality. Similar results are reported by others (Pogson and Morris, 1997 and
Zhuang, et al, 1997).

Wrapping provides excellent protection against weight loss (Tables
1&6), as it minimizes air movement around broccoli and would also help to
maintain a microclimate with a very high humidity around the heads.
Moreover, modification of the atmosphere around the broccoli, as a result of
respiration, may relatively reduce water 'oss due to its inhibiting effect on
senescence These results are in agreement with Forney et af, 1986; Barth.
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1993 a, b and c, and Zhuang, et al, 1997. Forney et 2/, (1989) suggested that
it may also affect stomatal aperture, cuticle composition and structure.

Wrapped broccoli heads retained significantly greater total chlorophyll
content during storage (Tables 3&8). Loss of chlorophyli was reported to be
slowed in elevated CO. environments (Shewfelt et al. 1983). Ethylene as
litte as <1ppm have been shown to elicit responses in plant tissue such as
chlorophyll degradation and acceleration of senescence (Watada, 1986). The
madified atmosphere inside the wrapped samples may have prevented the
accumulation of higher levels of ethylene and may have reduced its biological
activity of enhancing senescence and chiorophyll degradation. These results
are in accordance with reports by others {(Barth, 1983 a, b and ¢ and
Makhlouf et af,, 1989).

Wrapping significantly reduced the degradation of ascorbic acid
(Tables 489). Peroxidase piays an important role in enzymatic degradatior of
ascorbic acid (Barth et al, 1993c). Reduction in O, within the wrapped
sample can prevent ascorbic losses, presumably through prevention of
oxidation. Moreover, increased ascorbic acid destruction in unwrapped
broccoli held at 20°C could have occurred due to increased deterioration of
cellular integrity resulting in greater interaction between ascorbic acid and
enzyme (peroxidase) and as a result of a greater dehydration at 20°C
storage. According to Lee and Kader (2000), conditions favorable to water
loss after harvest resuit in a rapid loss of vitamin C content. Hence, modified
atmosphere conditions and greater humidity inside the packages possibly
served to better preserve vitamin C content. These results are in agreement
with those of (Wang, 1979; Barth, 1993a, b and ¢ and Chachin et al,, 1999),
in which post harvest storage of broccoli under modified conditions was
shown to slow down the rate of ascorbic acid distraction as compared with
broccoii stored in air.

Wrapping broccoli diminished the loss in protein content during storage
pericd {Tables 5&10). This effect in minimizing the loss in protein content
may be attributed to a suppression of metabolic activity as a resuit of
modified atmosphere in wrapped sampies. Previous studies came tothe
same conclusion (Zhuang et al., 1987).

Broccoli is a perishable vegetable that detericrates rapidly after
harvest, with senescence primarily expressed as softening and yellowing.
{Hardenburg et al., 1986).

The quality retention in broccoli is a consequence of two factors. The
first is weight loss which is strongly associated with losses in firmness,
turgidity and compactness. The second is color retention, which appears to
be correlated with changes in respiration and ethylene. The data exhibited a
subjective score of visual quality corresponding with changes in fresh weight
and chlorophyll content (Tables 1,2,3,6,7 and B). These results are in
agreement with those reported by (Toivonen, 1997). Teivonen and DeEll
(2001) found that the appearance rating scores paralleled the firmness
scores, suggesting that the two scores are linked. Thus, the overall
appearance {Tables 2&7) of unwrapped broccoli held at high temperature
severely deteriorated at the end of storage due to excessive weight loss of
more than 5% (Hardenburg et af, 1986) or by chlorophyil degradation (Barth
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el al, 1993c). This is in agreement with Ryall and Lipton {1972) who reported
that the symptoms of water loss become objectionable when vegetables have
lost between 5% and 10 % of their weight due to transpiration. Hence, low
temperature and wrapping significantly affected the visual quality of stored
broccoli  either by reducing weight loss subsequently shriveling and softening
or by better maintenance of color and appearance due to their effect on
inhibiting respiration and ethylene biosynthesis (Forney et al., 1989; Forney
and Rij, 1991, Gillies ef al., 1997 and Zhuang et al., 1997).

Although the chlorophyli and protein conte.nts were higher for F,0175
at the binging of the experiment, Landmark had higher or comparable values,
for all traits studied, at the end of storage. This indicates that the rate of
deterioration of landmark was slower than that of F,0175, suggesting that
Landmark may have a slower rate of respiration. The differences between the
two cultivars might be explained on the basis of different rates of respiration,
the variation in color, structure, thickness and nature of the outer layers (waxy
coating) and the amount of pectic substance, chlorophyll, ascorbic acid and
protein content. All these characteristics affect the broccoli post harvest
quality to a great extent, as they are governed by genetic components
{Makhiouf et al, 1989; King and Morris, 1994; Forney, 1995 and Pogson and
Morris, 1997). Cantwell and Kasmir (2002) stated that broccoli cultivars can
vary by more than 50% in their potential shelf life.

The findings indicate that cooling broccoli to 0°C and wrapping resulted
in less weight loss, so conserving turgidity and firmness, greater ascorbic
acid and protein retention, thus providing better vitamin C content and
nutrients for the consumer, and greater chlorophyll retention, thereby
contributing to greener appearance. Furthermore, film wrapping can also
extend the storage life of broccoli at non-optimal temperatures. Also,
Landmark outlasted F10175 in its keeping quality.
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