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ABSTRACT:. Common bean (Phaseolus vulgaris L.) is one of the most important
members of leguminous crops grown in Egypt for either local consumption or
exportation. For highly respiring produce such as mushrooms, peas and broccoli,
traditional films like LDPE. However, the micro- perforated films are special films which
are expensive and not available everywhere. This experiment was carried out at Fruit
Handling Department laboratories, Horticultural Research Institute. Snap bean pods were
obtained from a private farm at Giza, at suitable maturity stage of marketing. Uniform
pods and free from blemishes were selected for storage experiment. Pods were packed
in perforated or non-perforated polyethylene and polypropylene bags (30 pm thickness,
15 x 25 cm size) and each bag had 250 g as one replicate. There were two perforation
rates in addition normal perforation rate. All treatments were stored at 7°C and 90 - 95 %
relative humidity for 7, 14, 21days. Pods physical properties were recorded during
storage.

A significant decrease in weight loss percentage was observed in all perforated and non-
perforated treatments in comparison with normal perforation rate. The highest weight
loss was associated with those stored in normal perforation rate compared with all the
other treatments. While the lowest weight loss was associated with those stored in non-
perforated treatment in comparison with all other treatments. On the other side, reducing
perforation rate significantly reduced decay incidence of stored common beans
compared with non-perforated and normal perforated bags. Common beans stored in the
less perforation rate bags was associated with the less decay incidence during storage.
However, there was no significant differences among these treatments. Also, these
treatments significantly reduced deterioration rate in all other studied quality of common
beans during storage. Moreover, it is clear that, although common bean pods packaged
in polyethylene bags had quality parameter higher than those packaged in polypropylene
bags during the two seasons, there was no significant differences among these
treatments in these aspects. We can conclude that, reducing bag perforation rate well
led to improve common beans storability and reduce its deterioration rate during
storage.
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INTRODUCTION vitamins (A, Bi, B2 and C) with high

Common bean (Phaseolus vulgaris L.) amino acids (Kerlous, 1997).

is one of the most important members of In Egypt common beans cultivated
leguminous crops grown in Egypt for area is about 65150 feddans, (27363 ha)
either local consumption or exportation. producing about 284299 tons in the year
It is rich in protein, dietary fibers, 2018, (Egypt, FAO Data,
minerals (Ca, P, Fe, K, Mg and Mn) and http://www.fao.org/faostat/en/#data/QC).
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Furthermore, common beans crop in
Egypt is considered the second
vegetable export crop after potato crop.
Common beans have great social and
economic importance in Egypt because
of its high commercial value, extensive
production and nutritional value. On the
other side, Egypt exported in the same
year 14298 tons reached its value nearly
33442000 uUss$
(http://www.fao.org/faostat/en/#data/QC).
Egypt hold the Eleventh rank between the
important exporting countries of it in the
same year.
(http://www.fao.org/faostat/en/#data/TP).

For highly respiring produce such as
mushrooms, peas and broccoli,
traditional films like LDPE, polyvinyl
chloride (PVC), ethylene vinyl acetate
(EVAC), oriented polypropylene (OPP)
and cellulose acetate are not sufficiently
permeable. The use of perforated films
was recommended by Emond et al.
(1991); Fishman et al. (1996). The highly
permeable micro-perforated ones are
most suitable for packaging highly
respiring produce (Scetar et al., 2010).
However, the micro- perforated films are
special films which are expensive and
not available everywhere (Rai et al.,,
2009). A combination of low temperature
storage and closed polythene packaging
has a very good preservation effect on
the quality of vegetable like snap beans.

It has been reported that, weight loss
percentage of (green beans pods
gradually and significantly increased with
prolonging of storage period, Guo et al.
(2008), Proulx et al. (2010), (Kinyuru et al.
(2011), Ubhi et al. (2014), El-Sayed et al.
(2015), Shehata et al. (2015), Soontornwat
et al. (2015) and Shehata et al. (2018). The
same results were mentioned by Gomaa
et al. (2009) and Anurag et al. (2015) on
green peas, Nasef et al. (2018) on snow
peas, Gad EL-Rab (2013) and Shehata et
al. (2019) on sweet pepper.

It has been reported that, French
beans unpackaged had the higher weight
loss during storage regardless of storage
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temperature in comparison with those
packaged in LDPE 37.5 pm packages,
(Ubhi et al., 2014). They also added that,
French beans packaged in bags having 4
perforations recorded the highest weight
loss (0.65 % on the 21th day) followed by
those packaged in bags having 2
perforations (0.56 % on the 21th day) and
then in non-perforated packages (0.46 %
on the 21th day) however, it is still less
than those un packed (20.66 % on the
21th day).

Shehata et al. (2015) and (2018)
mentioned that snap bean pods packed
in non-PPPb significantly reduced weight
loss percentage as compared to those
packed in micro-PPPb or normal
perforated during storage and shelf life.

Anurag et al. (2015) in their study on
green peas stored in modify atmosphere
packaging (MAP) illustrated that the
lowest weight loss percentage of green
peas was observed in MAP samples
having zero perforation followed by 3
perforated sample stored at the
temperature range of 4 to 10 °C and 90—
94 RH.

It has been demonstrated that snap
bean pods decay, rot percentage and
chilling injuries disorders of furrow and
drip-irrigated pods during storage at
7+1°C and 85%RH. For 25 days increased
gradually and significantly with
prolonging of storage period, (Sandhya
and Singh, 2004; Gomaa et al., 2009 on
green peas and El-tahan, et al., 2016).
Moreover, furrow-irrigated pods showed
lower decay percentage and non-rotted
pods than drip-irrigated ones at all
investigated periods of storage. However,
chilling injuries were observed on fruits
as soggy tissues, brown spots and fruit
shrinking. Furrow-irrigated pods showed
less soggy tissue percentage than drip-
irrigated ones at all investigated periods
during storage (El-tahan, et al., 2016).
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It has been illustrated that general
appearance of green beans pods
gradually and significantly decreased
with prolonging of storage period and
shelf life (Shehata et al., 2015, Shehata et
al., 2018 and Nasef et al., 2018 on snow
peas, Shehata et al.,, 2019 and Gad EL-
Rab, 2013 on sweet pepper).,

Shehata et al. (2015) and (2018)
demonstrated that green beans pods
packed in non- perforated polypropylene
bags showed the highest intensities of
freshness, greenness, and snappiness in
comparison with those packed in
perforated polypropylene bags either
micro or normal perforated during cold
storage. They also cleared that green
beans pods packed in micro- perforated
polypropylene bags showed the lowest
intensities of these attributes.

On contrast, Nasef et al. (2018) in their
study on snow peas packaged in
different type of perforated
polypropylene packages in addition to
non-perforated and control bag. They
demonstrated that in micro-perforated
films, especially with 12 micro-holes,
showed the highest visual appearance.
On contrast, the lowest score values
were observed with non-perforated then
smart packages overall cold storage plus
retail sale periods.

It has been found that, firmness of
green beans pods gradually and
significantly decreased with prolonging
of storage period, (Proulx, et al., 2010;
Ubhi et al., 2014 in addition, Gad EL-Rab
2013 and Shehata et al., 2019 on sweet
pepper).

Ubhi et al. (2014) illustrated that snap
beans packed in LDPE 37.5 pm film
packages, package having four
perforations recorded the highest
firmness followed by package having two
perforations and least firmness was
recorded in non-perforated packages.

It has been illustrated that, lightness
of green beans pods gradually and
significantly increased with prolonging of
storage, (Ubhi et al., 2014). The same
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results were illustrated by Anurag et al.
(2015) on green peas. On the other side,
Proulx, et al. (2010) cleared that lightness
of green beans pods has no clear trend
during storage. On contrast, Gad EL-Rab
(2013) and Shehata et al. (2019)
illustrated that, lightness of sweet pepper
gradually and significantly decreased
with the increasing of storage period.

Abd El-Mageed (2015) mentioned that
common beans packed in polyethylene
film had the highest intensities of
freshness, greenness during storage as

compared with those stored in
polypropylene bags. There were no
differences in weight loss between

common beans stored in the different
packaging materials.

Ubhi et al. (2014) illustrated that snap
beans packed in LDPE 37.5 pm film
packages, package having 4 perforations
recorded the least lightness followed by
package having 2 perforations and the
highest lightness was recorded in non-
perforated packages.

Color of green beans pods gradually
and significantly decreased with
prolonging of storage period, (Ubhi et al.,
2014 and Anurag et al. (2015) on green
peas. On the other hand, Proulx, et al.
(2010) illustrated that color of green
beans pods represented as hue angle
insignificantly decreased during storage.

On the other side, Gad EL-Rab (2013)
and Shehata et al. (2019) illustrated that
color of sweet pepper represented as p
values significantly decreased during
storage.

Ubhi et al. (2014) illustrated that snap
beans packed in LDPE 37.5 pm film
packages, package having 4 perforations
recorded the highest greenness followed
by package having two perforations and
the least greenness was recorded in non-
perforated packages.

Moreover, Anurag et al. (2015)
demonstrated that green peas packed in
unsealed packaging significantly had the
highest L value compared with those
packed micro-perforated smart package.
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Therefore, the aim of this work was to
study the effect of packaging of common
bean pods in micro-perforated or non-
perforated polypropylene and
polypropylene bags on physical quality
attributes and storability of common
beans during storage at 7°C and shelf life
at 20°C.

MATERIALS AND METHODS

This experiment was carried out
during the two successive seasons of
2018 and 2019 at Fruit Handling
Department laboratories, Horticultural
Research Institute, Agricultural Research
Center, Giza. Common bean pods
obtained from a private farm at Girza,
Giza governorate 90 km south of Cairo.
Common bean pods were harvested in
the suitable maturity stage of marketing
where, the pods are fleshly and the seeds
are small and green (according to Abou
El-Yazied, 2011) on 14" and 13" of
October in the first and the second
seasons, respectively. Then pods were
transported to the laboratory. Pods
uniform in length, diameter and color and
free from blemishes were selected for
storage experiment.

These pods were packed in perforated
polyethylene and polypropylene bags or
non-perforated polyethylene and
polypropylene bags (non-PPEb film &
non-PPPb); (30 pm thickness, 15 x 25 cm
size) and each bag had 250 g as one
replicate.

The bags were folded in two folds, the
first rate or in three folds, the second rate
then by using a perforated needle of 0.1
mm in diameter. Longitudinal holes were
made at a distance of 1 cm. to give 120 or
240 holes in each bag. The normal
perforation rate was made by a punching
machine with a rate of 4 holes only in
length, with the bag folded only two
folds, to give 32 holes in the existing bag.
The bags were closed after packaging by
a welding machine.

Pods from each treatment were
packed in sealed polypropylene bags (30
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pm thickness, 15 x 25 cm size) and each
bag had 250 g as one replicate. Sixteen
replicates were prepared for each
treatment. All treatments were stored at
7°C and 90 - 95 % relative humidity for 7,
14 and 21days.

The following data were recorded
during storage:

A. Pod Quality Physical Properties: -
1- Weight loss percentage (WLP) was
calculated using the following
formula: (weight at time the beginning
of storage -weight at each storage
period) / (weight at time the beginning
of storage) *100

Unmarketable pod percentage (UPP)
was calculated using the following
formula: weight of unmarketable pods
at each storage period, physiological
or pathological) / (weight at time the
beginning of storage) *100

3- General appearance (GA) of Pods was
determined visually using a scale from
1to 5; where 5 = excellent, 4 = good, 3
= acceptable 2= fair, 1 = poor and 1 =
unusable. Samples rating at 2 and 1
were considered unmarketable.

Skin color and lightness of common
bean pods were measured using a
Minolta CR-400 Chroma Meter (Minolta
Co. ltd. Osaka, Japan). The
measurements of skin color and gloss
were expressed in chromaticity values
of hue angle (h°) and lightness (L),
respectively. Two readings were taken
at different locations of each pod
during each data  observation
(McGuire, 1992).

5- Firmness of pods were measured in 15
pods (each five considered as one
replicate) by Lfra texture analyzer
instrument using a penetrating
cylinder of 1 mm in diameter to a
constant distance 3 mm inside the
skin of fruits and by a constant speed
2 mm per sec, and the peak of
resistance was recorded (g/cm?).
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Experimental Design and
Statistical Data Analysis

The  experimental design was
completely randomized factorial design
with three replicates. Three replicates
from each treatment were taken at
random and examined immediately after
harvest and after 7, 14 and 21 days at 7°C
and 95% RH. Means significant difference
(L.S.D. values at P = 0.05 were
determined using MSTAT-C statistical
package (M-STAT, 1993) according to
(Steel et al., 1997).

RESULTS AND DISCUSSION

1- Weight Loss and Unmarketable
pods percentage of Common
Beans during Cold Storage: -

Weight loss (WL) and Unmarketable
pods percentage of common beans
packed in perforated polyethylene and
polypropylene bags or non-perforated
polyethylene and polypropylene bags
and stored at 7° C for 21 days shown in
Tables (1 and 2). It is clear that weight
loss and unmarketable pods percentage
of common beans increased gradually
and significantly with prolonging of
storage period in the two seasons under
this work. These findings are in
agreement with those illustrated by Guo
et al. (2008), Proulx et al. (2010), (Kinyuru
et. al. (2011), Ubhi et al. (2014), El-Sayed
et al. (2015), Shehata et al. (2015) and
Soontornwat et al. (2015).

Table 1: Effect of Packaging Type and Perforation Rate on Weight Loss percentage of

Common Beans during Cold Storage

First Season
Treatments Storage Periods _ Weeks
0 7 14 21 Means
NPPE 0 0.60 0.69 1.12 0.60
NPPP 0 0.58 1.40 1.67 0.91
PPE 15 rate 0 0.79 1.65 2.40 1.21
PPP 1%t rate 0 0.53 2.37 2.79 1.42
PPE 2" rate 0 0.82 2.13 2.63 1.39
PPP 2" rate 0 1.16 414 6.35 291
PPE Normal rate 0 1.76 3.90 6.71 3.09
Means 0.00 0.89 2.32 3.38
Second Season
NPPE 0 0.66 0.99 1.72 0.84
NPPP 0 0.50 1.02 1.58 0.78
PPE 1%t rate 0 0.99 1.54 2.13 1.16
PPP 15 rate 0 0.60 2.41 3.24 1.56
PPE 2" rate 0 1.29 1.81 3.02 1.53
PPP 2" rate 0 1.59 3.39 5.97 2.74
PPE Normal rate 0 0.83 2.15 7.29 2.57
Means 0.00 0.92 1.90 3.56
Variable L.S.D. at 5%
Treat. (T) S. Per. (S) T*S
First Season 0.519 0.392 1.038
Second Season 0.740 0.559 1.480

NPPE: non -perforated polyethylene bags
NPPP: non -perforated polypropylene bags

PPE: perforated polyethylene bags
PPP: perforated polyethylene bags
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Table 2: Effect of Packaging Type and Perforation Rate on Unmarketable pods
percentage of Common Beans during Cold Storage

First Season

Treatments Storage Periods  Weeks
0 7 14 21 Means
NPPE 0 9.6 25.8 47.0 20.61
NPPP 0 3.7 16.5 439 16.04
PPE 15t rate 0 2.6 8.1 29.0 9.93
PPP 15t rate 0 4.2 12.7 21.1 9.51
PPE 2" rate 0 3.4 10.5 32.9 11.70
PPP 2" rate 0 3.3 12.4 31.8 11.88
PPE Normal rate 0 3.3 8.0 30.2 10.38
Means 0.00 4.30 13.44 33.71
Second Season
NPPE 0 10.1 23.1 50.9 21.03
NPPP 0 7.7 12.7 37.9 14.58
PPE 15t rate 0 4.2 9.5 26.9 10.15
PPP 15t rate 0 3.8 11.2 25.8 10.17
PPE 2" rate 0 3.1 7.9 26.7 9.45
PPP 2" rate 0 3.4 13.1 30.3 11.69
PPE Normal rate 0 4.1 12.5 31.1 11.95
Means 0.00 5.21 12.86 32.80
Variabl L.S.D. at 5%

arlabie Treat. (T) S. Per. (S) T*S
First Season 3.25 2.46 6.5
Second Season 2.89 2.19 5.79

NPPE: non -perforated polyethylene bags
NPPP: non -perforated polypropylene bags

Shehata et al. (2018) demonstrated
that weight loss percentage of green
beans increased gradually during
storage. Also, these results in line with
those mentioned by Gomaa et al. (2009)
and Anurag et al. (2015) on green peas,
Nasef et al. (2018) on snow peas, Gad EL-
Rab (2013) and Shehata et al. (2019) on
Sweet pepper. Moreover, these results
are supported by the findings of Sandhya
and Singh (2004), Gomaa et al. (2009) and
El-tahan, et al., (2016) who found that
snap bean pods decayed percentage
increased gradually with increasing of
storage period.

Concerning the effect of packing
perforation rate, it is obvious from the
data shown in Table (1) that weight loss
percentage of common beans increased
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PPE: perforated polyethylene bags
PPP:

perforated polyethylene bags

gradually and significantly with
increasing the packing perforation rate.
Data cleared that common beans packed
in non-perforated polyethylene and non-
perforated polypropylene bags showed
the lowest percentage of weight loss
during the two seasons in this work. On
contrast, common beans packed in
normal-perforated polyethylene bags
showed the highest percentage of weight
loss followed by those packed in the
highest perforation rate during the two
seasons in this work. These results are in
line with those mentioned by Ubhi et al.
(2014) and Shehata et al. (2018) who
reported that pods stored in none
perforated bags had the Ilowest
percentage weight loss during storage,
while those stored in bags had the
highest perforation rate had the highest
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percentage of weight loss during the
storage periods.

2- General Appearance and firmness of
Common Beans pods during Cold
Storage: -

General appearance and firmness of
common beans pods packed in
perforated polyethylene and
polypropylene bags or non-perforated
polyethylene and polypropylene bags
and stored at 7° C for 21 days shown in
Tables (3 and 4). It is clear that, general
appearance and firmness of common
beans decreased gradually and
significantly with prolonging of storage
period in the two seasons under this
work. These finding are in agreement

with those illustrated by Shehata et al.
(2015) and Shehata et al. (2018). They
mentioned that general appearance of
green beans pods gradually and
significantly decreased with prolonging
of storage period and shelf life. In
addition, these results are in agreement
with the finding of Nasef et al. (2018) on
snow peas, Shehata et al. (2019) and Gad
EL-Rab (2013) on sweet pepper as they
reported that firmness significantly
decreased with the increasing of storage
period. Moreover, these finding are also
in agreement with those illustrated by
Proulx, et al., 2010, who mentioned that
green beans firmness gradually and
significantly decreased with increasing of
storage period.

Table 3: Effect of Packaging Type and Perforation Rate on General Appearance of
Common Beans during Cold Storage

First Season
Treatments Storage Periods _ Weeks
0 7 14 21 Means
NPPE 5.0 4.0 3.0 1.7 3.42
NPPP 5.0 4.0 3.3 2.0 3.58
PPE 15t rate 5.0 5.0 3.3 3.7 4.25
PPP 1t rate 5.0 5.0 4.0 3.7 4.41
PPE 2" rate 5.0 5.0 4.0 4.0 4.50
PPP 2" rate 5.0 4.7 3.7 3.7 4.25
PPE Normal rate 5.0 4.3 3.7 3.7 417
Means 5.00 457 3.57 3.18
Second Season

NPPE 5.0 3.7 2.3 2.0 3.25
NPPP 5.0 3.3 2.3 1.7 3.08
PPE 1%t rate 5.0 4.3 4.0 3.0 4.08
PPP 15t rate 5.0 3.7 3.3 2.7 3.67
PPE 2" rate 5.0 5.0 3.0 3.0 4.00
PPP 2" rate 5.0 4.7 3.7 3.0 4.08
PPE Normal rate 5.0 4.0 3.0 3.3 3.83
Means 5.00 4.10 3.10 2.67
. L.S.D. at 5%

Variable Treat. (T) S. Per. (S) TS
First Season 0.299 0.226 0.598
Second Season 0.309 0.234 0.619

NPPE: non -perforated polyethylene bags
NPPP: non -perforated polypropylene bags

PPE: perforated polyethylene bags
PPP: perforated polyethylene bags
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during Cold Storage, (gm/m?)

Table 4: Effect of Packaging Type and Perforation Rate on Firmness of Common Beans

First Season

Treatments

Storage Periods _ Weeks

0 7 14 21 Means
NPPE 19.6 16.7 14.4 11.8 15.63
NPPP 19.6 16.5 14.8 12.3 15.79
PPE 15 rate 19.6 19.7 16.0 13.9 17.30
PPP 1%t rate 19.6 17.9 16.8 15.2 17.36
PPE 2" rate 19.6 19.0 175 15.0 17.77
PPP 2" rate 19.6 15.9 15.7 135 16.19
PPE Normal rate 19.6 18.1 15.1 14.0 16.70
Means 19.63 17.67 15.76 13.65
Second Season

NPPE 18.0 15.0 12.6 115 14.26
NPPP 18.0 15.0 12.4 115 14.24
PPE 15 rate 18.0 17.3 134 12.9 15.38
PPP 15 rate 18.0 16.1 14.8 13.7 15.64
PPE 2" rate 18.0 17.0 15.4 135 15.97
PPP 2" rate 18.0 14.4 15.3 14.3 15.52
PPE Normal rate 18.0 15.2 13.9 13.6 15.18
Means 17.98 15.72 13.97 13.00
. L.S.D. at 5%

Variable Treat. (T) S. Per. (S) T*S
First Season 1.232 0.931 2.464
Second Season 0.993 0.751 1.987

Concerning

the effect

NPPE: non -perforated polyethylene bags
NPPP: non -perforated polypropylene bags

packing

PPE: perforated polyethylene bags
PPP: perforated polyethylene bags

packaged in

micro-perforated

films,

perforation rate, it is obvious from the
data shown in Table (3) that green bean
pods packed in the second rate
(perforated PPE and PPP 2" rate bags)
showed the highest general appearance
score followed by those of packed in the
normal perforation rate during the two
seasons in this work with no significant
differences in some cases. On contrast,
green bean pods packed in non-
perforated polyethylene and non-
perforated polypropylene bags showed
the lowest general appearance score
during the two seasons in this work.

These results are in accordance with
those demonstrated by Nasef et al. (2018)
who demonstrated that, snow peas

especially with 12 micro-holes, showed
the highest visual appearance. On
contrast, the lowest score values were
observed with non-perforated then smart
packages overall cold storage plus retail
sale periods. On contrast, these results
disagree with those illustrated by
Shehata et al. (2015) and Shehata et al.
(2018) who reported that green beans
pods packed in non-perforated
polypropylene bags showed the highest
intensities of freshness, greenness, and
snappiness in comparison with those
packed in perforated polypropylene bags
either micro or normal perforated during
cold storage.
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On the other hand, it is clear from the
results of Table (4) that common bean
pods packed in the second rate-
perforated PPE and PPP 2" rate bags
showed the highest firmness followed by
those packed in the normal perforation
rate during the two seasons in this work
with no significant differences in most
cases. On contrast, common beans
packed in non-perforated polyethylene
and non-perforated polypropylene bags
showed the lowest firmness during the
two seasons in this work. These results
are in line with those illustrated by Ubhi
et al. (2014) who mentioned that snap
beans packed in LDPE 37.5 pm film
packages, package having 4 perforations
recorded the highest firmness followed

by package having two perforations and
least firmness was recorded in non-
perforated packages.

3- Color and lightness of Common
Bean pods during Cold Storage: -

It is clear that, color, represented as
hue angle and lightness of common
beans packed in perforated polyethylene
and polypropylene bags or non-
perforated polyethylene and
polypropylene bags and stored at 7° C for
21 are days shown in Tables (5 and 6).
Color and lightness of common beans
decreased gradually and significantly
with prolonging of storage period in the
two seasons under this work.

Table 5: Effect of Packaging Type and Perforation Rate on Lightness of Common Beans

during Cold Storage

First Season
Storage Periods _ Weeks
Treatments
0 7 14 21 Means
NPPE 58.8 58.1 57.3 59.3 58.34
NPPP 58.8 58.9 56.6 54.5 57.18
PPE 1%t rate 58.8 57.6 56.6 57.1 57.53
PPP 15 rate 58.8 59.4 56.9 55.6 57.64
PPE 2" rate 58.8 60.4 59.0 56.4 58.64
PPP 2" rate 58.8 64.2 56.1 55.8 58.70
PPE Normal rate 58.8 59.8 54.9 57.5 57.75
Means 58.75 59.76 56.76 56.60
Second Season
NPPE 61.1 59.2 58.4 56.9 58.88
NPPP 61.1 58.4 56.6 56.4 58.13
PPE 1%t rate 61.1 57.1 57.9 56.0 58.02
PPP 1%t rate 61.1 61.1 56.6 56.6 58.83
PPE 2" rate 61.1 56.8 56.5 57.1 57.85
PPP 2" rate 61.1 60.1 59.0 55.6 58.94
PPE Normal rate 61.1 58.9 58.2 55.7 58.48
Means 61.10 58.79 57.59 56.30
. L.S.D. Values at 5%
Variable

Treat. (T) S. Per. (S) T*S
First Season 1.85 1.40 3.70
Second Season 1.03 0.78 2.05

NPPE: non -perforated polyethylene bags
NPPP: non -perforated polypropylene bags

PPE: perforated polyethylene bags

PPP: perforated polyethylene bags

459



M.E.M. Ahmed, et al,

Table 6: Effect of Packaging Type and Perforation Rate on Colour of Common Beans

during Cold Storage

First Season

Treatments Storage Periods _ Weeks
0 7 14 21 Means
NPPE 116.5 116.2 110.1 105.7 112.13
NPPP 116.5 117.8 110.9 109.4 113.66
PPE 1% rate 116.5 116.7 110.6 113.1 114.23
PPP 1% rate 116.5 111.2 107.7 1155 112.72
PPE 2" rate 116.5 114.0 112.0 111.3 113.43
PPP 2" rate 116.5 117.0 112.7 111.0 114.30
PPE Normal rate 116.5 113.0 116.6 110.2 114.07
Means 116.50 115.13 111.51 110.89
Second Season
NPPE 1175 116.0 109.5 104.0 111.8
NPPP 1175 1155 110.5 107.5 112.8
PPE 1% rate 1175 1175 110.0 110.5 113.9
PPP 1%t rate 1175 112.0 110.0 1115 112.8
PPE 2" rate 1175 1135 111.0 107.5 112.4
PPP 2" rate 1175 114.0 1135 108.0 113.3
PPE Normal rate 1175 114.0 114.0 108.0 113.4
Means 1175 114.6 111.2 108.1
Variabl L.S.D. at 5%

ariabie Treat. (T) S. Per. (S) TS
First Season 1.40 1.06 2.80
Second Season 1.64 1.24 3.29

NPPE: non -perforated polyethylene bags PPE: perforated polyethylene bags

NPPP: non -perforated polypropylene bags

These findings are in agreement with
those illustrated by Proulx, et al. (2010),
Ubhi et al. (2014), Anurag et al. (2015) in
their studies on green peas, Gad EL-Rab
(2013) and Shehata et al. (2019) in their
study on Sweet Pepper.  They
demonstrated that, color of green beans
pods, represented as either hue angle or
P value, gradually decreased with
prolonging of storage period. Moreover,
these findings are supported by the
illustration of Gad EL-Rab (2013) and
Shehata, et al. (2019) who found that
sweet pepper snap bean pods lightness
decreased gradually and significantly
during storage.

Moreover, the findings partially agree
with the findings of lightness of green
bean pods had no clear trend during
storage. Proulx, et al. (2010). On contrary
these results disagree with those cleared
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perforated polyethylene bags

by Anurag et al. (2015) on green peas.
They illustrated that, lightness of pods
gradually and significantly increased with
prolonging of storage.

On the other side, data presented in
Table (5) clearly indicated that, there
were no significant differences in
lightness of common beans packed in
non-perforated, perforated or normal-
perforated bags during the two seasons
under this work.

Concerning the effect of packing
perforation rate, it is obvious from the
data shown in Table (5) that, color,
represented as hue angle, of common
beans deterioration rate decreased
gradually with the increasing packing
perforation rate. Data cleared also that,
common bean pods packed in normal-
perforated polyethylene bags showed the
highest values of color, represented as
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hue angle followed by those packed in
the highest perforation rate during the
two seasons in this work. This means
that pods had the best color, greenest
color, compared with the other
treatments. On contrast, common beans
packed in non-perforated polyethylene
and non-perforated polypropylene bags
showed the lowest values of color,
represented as hue angle during the two
seasons in this work. However, these
results were insignificant in most cases.
These results are in line with those
mentioned by Ubhi et al. (2014) who
illustrated that, snap beans packed in
LDPE 37.5 um film packages, package
having 4 perforations recorded the
highest greenness followed by package
having 2 perforations and the least
greenness was recorded in non-
perforated packages. On the other hand,
these results disagree with those
findings by Shehata et al. (2015) and
Shehata et al. (2018) who demonstrated
that, green bean pods packed in non-
perforated polypropylene bags showed
the highest greenness compared with the
other treatments during storage.

Conclusion

Overall results, we can conclude that
reducing bag perforation rate well led to
improve common beans storability and
reduce deterioration rate of its quality
parameter including weight loss, decay
incidence, freshness, general appearance
and color during storage.
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