UIJRT | United International Journal for Research & Technology | Volume 01, Issue 12, 2020 | ISSN: 2582-6832

Effect of Maturity and Storage Condition on Shelf Life
and Post-Harvest Quality of Pineapple

Md Guljer Ahmmed?, Md Nahid Hossain'*, Sorwar Hossen!, Mohammad Ataur Rahman

Siddique?, M. Burhan Uddin' and Md Shahidul Islam3
!Department of Food Technology and Rural Industries, Bangladesh Agricultural University, Mymensingh, Bangladesh
2Department of Civil Engineering, Bangladesh University of Engineering and Technology, Dhaka, Bangladesh
3Department of Plant Pathology, Yunnan Agricultural University, Kunming, China
*Corresponding author: scholarzone.cn@yahoo.com

Abstract— The objectives of the study were to assess
the effects of various storage conditions and maturity
stages of pineapple on its shelf life. Three storage
conditions, viz., (a) control (60C, 85-90% RH), (b) cold
storage without packaging (5-70c, 77-79% rh), (c) cold
storage within porous cartoon (5-70C, 77-79% RH)
were allocated to the pineapple fruits. There was
significant variation between the three maturity stages,
viz., () premature (b) 1/4th mature (c) 1/2th mature in
relation to fruit characteristics. Among the physico-
—chemical parameters, some of parameters such as total
weight loss, edible portion, pulp to peel ratio and total
soluble solid (TSS) initially increased and then
decreased gradually. On the other hand, pH and fungal
incidence increased during the entire storage period. The
premature fruits showed longer storage life (14.56 days)
than 1/4th mature fruits (13.33 days) and 1/2th mature
fruits (12.44 days). The longest shelf life (17.56 days)
was observed in fruits stored within porous cartoon
package at cold storage, whereas the minimum shelf life
(9.78 days) was found in control fruits. The premature
fruits, showed higher weight loss (22.43%), than other
fruits. On the other hand, mature fruits showed higher
edible portion (61.49%), TSS (16.33), pulp to peel ratio
(1.607) and fungal incidence than other fruits. The
storage conditions showed highly significant variation
to influence shelf life of pineapple. Fruits stored within
porous cartoon at cold storage (5-70C, 77-79% RH) may
be used for extending shelf life of pineapple.
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I. INTRODUCTION
Food Pineapple (Ananas comosus L. Merr.) is one of the

most promising fruits in Bangladesh. It contributes to
about 7.7% of the total fruit production in Bangladesh
[1]. The area between 15°-30° south latitude and 40°-
60° west longitude is considered to be the place of origin
of pineapple [2]. It is believed that it was originated in
southern Brazil and Paraguay. Pineapple is also widely
cultivated in tropical and subtropical regions [3].
Pineapple is under the botanical family Bromeliaceae.
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The pineapples are separated from other genera of this
family largely on the basis of syncarpous type of fruit
which is not found in rest of the family [4]. The plant is
usually perennial bushy herb with spiny leaves [5]. Each
plant produces only one fruit during its life cycle [6].
Fruits are normally seedless and the ovules abort and
only traces of them can be found in mature fruits [7].
The pineapple is a multiple fruit. The fruit is made up of
100 to 200 berries like fruitlets which are fused together
on a central axis or core that is the continuation of the
fibrous peduncle [8].
Pineapple cultivation is distributed from tropical to
subtropical areas of the world. In Bangladesh, the total
area under pineapple is about 5.33% of total area under
fruits [9]. As a popular fruit, it is cultivated in an area of
39583 acres with a yield of 592 MT per acre in
Bangladesh in 2010 [10]. Pineapple fruits contains 85%
moisture, 13% sugar, 0.7% protein, 0.05% mineral,
0.3% fibre, 0.04% calcium, 0.011% phosphorus, 0.9%
iron, 60 1U vitamin A, 120 mg/100g vitamin B2 and 63
mg/100 g vitamin C. The problems of pineapple
production are delayed in flowering, irregular flowering
and a short harvesting period [11]. It is reported that
under optimal nutritional and environmental conditions,
only 40-50% plants flower even after 15-18 months of
growth (Bose, 1985). As a result, the land remains
occupied by the remaining plants, which also flower
irregularly in most cases, till harvesting of fruits [12].
The present research work was undertaken to study the
effects of different maturity stage and storage condition
on the shelf life of pineapple. The study involved
postharvest application of storage condition and
postharvest management of fruit, the objective being
having reduced weight loss and longer shelf-life without
sacrificing the quality of fruits during storage.
Taking the above considerations, the present
investigation was undertaken to study:
1) the physico-chemical changes associated with
maturity and ripening of pineapples;
2) the effects of different storage condition on
shelf life and physicochemical changes during
storage period,;
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3) to define a suitable maturity stage and an
appropriate storage condition leading to
extended shelf life of pineapple.

Il. MATERIALS AND METHOD
The present investigation started initially in a pineapple

plot in Modhupur Upazilla of Tangail District. Some
observations on pineapple fruit have been taken in the
field. Later on fruits harvested and brought to the quality
control laboratory of Givensee Food and Essentials Ltd.
for studies on storage behavior. Chemical analysis has
been done in the quality control Laboratory of Givensee
Food and Essentials Ltd.

A. Study Materials

The experimental materials were collected from Giant
Kew variety cultivated in Madhupur, Tangail where
pineapple is grown extensively. The farmer's plot was
located at the village Chunia under Madhupur upazila in
Tangial district. For the confirmation of maturity stages
preliminary observations were made and finally fruits
were collected at three different stages of maturity. The
fruits were harvested in the forenoon, and same day
transferred to the Quality Control Laboratory of
Givensee Food and Essentials Ltd. During
transportation adequate care was taken to prevent
damages. The pineapples were placed in laboratory
room (26-300C) and to the Cold storage (5-70C) for
shelf life study.

B. Maturity Stages of Fruit

The pineapples were harvested at three distinct maturity
stages which were as follows:

Premature: Pineapples just starting yellowing and
flattening of the eyelets.

1/4™ mature: Pineapples having 1/4th yellow color at the
lower end and flat eyelets.

1/2™ mature: Pineapples having 1/2th of flat eyelets with
yellow color.

The average weight of these different mature Pineapples
with crown was 1800g to 1900 g.

C. Determination of Maturity Stage

The maturity was detected based on the peel color,
flatness of eyelets flowering date, and size of the
pineapple. Though the maturity of pineapple is
determined by its size and color, these are not the only
indicators. For ensuring appropriate stage of Giant Kew,
observation is done regularly after a period of flowering
by observing their peel color, flatness of eyelets and
uniformity of size. Three stages of fruit maturity were
determined by observing peel color, flatness of eyelets
of fruit. Premature fruits contain a few number of flat
and yellow color eyelets, 1/4th mature fruits contain
1/4th flat and yellow color eyelets at the lower end of
the fruits, 1/2th mature fruits contain 1/2th  flat and
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yellow color eyelets at the lower end of the fruits. The
maturity of Giant Kew was determined by the peel color
and Flatness of eye.

D. Harvesting of Fruit

A total of 144 unblemished, more or less uniform sizes,
shape and color fruits and free of visible disease
symptoms were harvested manually. The fruits were cut
off with a sharp knife keeping their crowns along with
about 5 cm stalk with them.

The fruits were harvested separately in respect of their
maturity stages. The fruits were loaded in a transport
carefully, covered with straw and pineapple leaf to
protect the fruits from direct sunlight and to reduce
respiration rate. The fruits were then transferred to the
Quality Control Laboratory of Givensee Food and
Essentials Ltd. To avoid any mechanical injury, care
was taken while harvesting, handling and transporting
the fruits. Then the fruits were stored at different storage
conditions (storage at ambient condition (26-300C),
storage at cold storage at 5-70C without packaging,
storage at cold storage at 5-70C in with Porous cartons
packaging) within one day. The average maximum and
minimum ambient temperature of the storage room
receiving condition was 30 and 260C respectively.
Relative humidity was from 85% to 90%. The average
storage temperature of the cold storage room was 6 +
10C. Relative humidity was from 77% to 79%.

E. Postharvest Treatments and Experimental Design
The experiment consists of two Factors as follows:
FACTOR A: Maturity stage of pineapple

Premature (M1): Pineapples just starting yellowing and
flattening of the eyelets at lower end.

1/4th mature (M2): Pineapples having 1/4th of flat
eyelets with yellow color at the lower end.

1/2th mature (M3): Pineapples having 1/2th of flat
eyelets with yellow color.

FACTOR B: Storage Condition

Control (T0): Storage at ambient condition (26-300C
temperature & 85%-90% RH).

Cold Storage without packaging (T1): Cold storage (5-
70C temperature & 77%-79% RH) without packaging.
Cold Storage within Porous cartoon (T2): Cold storage
(5-70C temperature & 77%-79% RH) within Porous
carton package.

Experimental Design: There were 9 (3 X 3) treatments
combinations. The combinations were as follows:

Maturity | Storage conditions
stage Contro | Cold storage | Cold storage
I (TO) | without within ~ Porous
packaging cartoon(T2)
(T1)
Prematu | M1TO | M1T1 M1T2
re (M1)




UIJRT | United International Journal for Research & Technology | Volume 01, Issue 12, 2020 | ISSN: 2582-6832

/4 M2T0 | M2T1 M2T2
mature
(M2)

1/2n M3TO | M3T1 M3T2
mature
(M3)

F. Details of Treatments

The levels of maturity stages of pineapples (premature,
1/4th mature and 1/2th mature) were maintained as per
details presented in 3.2 and 3.3. The applied storage
condition were as follows:

TO: Pineapples of different maturity stages were stored
in a room at ambient temperature (26-300C temperature
& 85%-90% RH) without packaging.

T1: Pineapples of different maturity stages were stored
in a cold storage at 5- 70C temperature and 77%-79%
relative humidity without any packaging.

T2: Pineapples of different maturity stages were stored
in a cold storage at 5- 70C temperature and 77%-79%
relative humidity within porous carton packaging.

F. Application of Post-Harvest Treatment

TO (control): Fifteen pineapples of each maturity
selected randomly from fruit lot were placed upon
polyethylene in the QC laboratory room at ambient
temperature.

T1 (Fruits were stored in a cold storage at 5-70C):
Individual pineapple of different maturity stages with
crown was kept upon a polyethylene vertically thus
crown remain at down and stalk at up. The temperature
of cold storage was maintained near at 5-70C and
relative humidity at 77%-79%.

T2 (Fruits were stored within porous cartons in a cold
storage at 5-70C): Individual pineapple of different
maturity stages with crown was kept within a porous
paper carton vertically thus crown remain at down and
stalk at up. The temperature of cold storage was
maintained near at 5-70C and relative humidity at 77%-
79%.

G. Collection of Data

To assess the effects of different maturity stage and
storage condition on the storage behavior and shelf life
of pineapple (Giant Kew), the data on different physical
and chemical parameters were collected during the
storage period at 5 days interval. The changes in color
and shelf life have been studied during the entire storage
period.

H. Parameter Studied
The following physical and chemical parameters were
recorded

» External fruit characteristics (color)
» Total weight loss of fruit (%)
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» Edible portion of fruit (%)
Pulp to peel ratio

TSS content of fruit pulp
PH of fruit pulp

Shelf life of fruit

» Percent of fungal incidence

YV V VY

I. Methods of Studying Different Parameter

a. External Fruit Characteristics

External fruit characteristics such as peel color were
recorded just after harvesting the Pineapple. Changes in
peel color were recorded during storage by using
following eleven color grades:

Trace yellow at lower end

90% eye green, 10% eye yellow

80% eye green, 20% eye yellow

75% eye green, 25% eye yellow

70% eye green, 30% eye yellow

60% eye green, 40% eye yellow

50% eye green, 50% eye yellow

40% eye green, 60% eye yellow

30% eye yellow, 70% eye green

25% eye yellow, 75% eye green

20% eye green, 80% eye yellow

10% eye green, 90% eye yellow

Entire surface yellow

Entire surface yellow with black spot

Discarded earlier

b. Percent Weight Loss of Fruit

Initially the pineapples with crown of each maturity out
of each replication were weighed using an electrical
balance and kept for storage at different condition.
Weight loss was obtained by the following formula:

Percent weight loss (%
IW—-FW
WL) = —
Where,
% WL= Percent weight loss
IW= Initial with crown and
FW = Final weight of fruit with crown.
The weight loss of the same pineapple was recorded
periodically during the storage of period.
c. Edible Portion of Fruit
Total weight of pineapple without crown was weighted
by using an electrical balance and then the pineapple
was peeled by sharp knife. Central core was detached
and then remaining fruit pulp was weighed. Edible
portion was obtained by the following formula:

Percent edible portion of fruit =
weight of pulp(edible portion) %100

x100

Total weight of fruit
Similarly, other criteria were obtained by following
proper steps. For example, pulp to peel ratio was
measured with the following formula:
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Weight of fruit pulp
Weight of fruit peel
Total soluble solid (TSS) content was obtained by Abbe
refractometer. The pH meter was used for obtaining pH.
The shelf life was calculated by counting the days
required to attain last stage of ripening. The fungal
incidence of fruit rot was determined as follow.

Percent fungal incidence =
Number of infected fruit <100

Pulp to peel ratio =

Total number fruit under study
J. Statistical Analysis
F-variance test was applied to explore variation.
Descriptive statistics was also done to present various
characteristics of the experiment.

I1l. RESULTS AND DISCUSSION

A. External Fruit Characteristics

External feature of pineapple such as peel color is one
of the most important qualitative attributes in
consideration of changes in peel color, development of
spots on peel and softening and rottening of pineapple
occurred during the time of storage. The rate of color
change was different among treatments. De-greening of
fruits depends on several factors, which are responsible
for the degradation of chlorophyll structure. These
factors are pH changes, oxidative systems and
chlorophylases. Further, de-greening of pineapple is
temperature dependent and delays at low temperature.
The result showed that peel color changes, softening and
rottening occurred influenced by maturity stages and
storage conditions in Table 1. Three type of mature
pineapples were harvested by observing peel color,
flatness of eyelets of fruit. Premature pineapplesa
contain a few numbers of yellow color eyelets, 1/4%"
mature pineapples contain 1/4" yellow color eyelets at
the lower end of the pineapples, 1/2™" mature pineapples
contain 1/2" yellow color eyelets of the pineapples.
The changes in external physical characteristics of
pineapple at three maturity stages under different
storage conditions. Pineapples stored within porous
cartoon at cold storage had remarkable effect on external
color of pineapple, probably due to less moisture loss
from them. At 7% day of storage, it was observed that
pineapples stored at ambient condition, without
packaging at cold storage, within porous cartoon
packaging at cold storage retained green color 25%,
50% and 75% respectively in premature fruits. Whereas
at the same time entire surface of pineapple become
yellow in 1/4th mature pineapple at ambient condition,
25% and 50% of surface of 1/4™ mature pineapple
retained green color stored without packaging at cold
storage and within porous cartoon packaging at cold
storage respectively [13]. Entire surface of 1/2" mature
pineapple become yellow at 7th day of storage stored at
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ambient condition, without packaging at cold storage
10% and retained 25% eye green within porous cartoon
packaging at cold storage [14]. At 14" day of storage, it
was observed that pineapples stored within porous
cartoon packaging at cold storage showed green color
10% of premature pineapple, entire surface became
yellow of 1/4" and 1/2" mature pineapple. Storage
within porous cartoon at cold storage is effective
compared with other treatments for retaining green color
and storability of pineapple [15].

Table 1. Effects of maturity and storage condition (peel

colour)
Days | Maturit Storage condition
of y stage | Control | Cold Cold
storag (To) storage storage
e without within

packagin | porous
g(T1) cartoon

(T2)

0 (M1) Trace Trace Trace
yellow yellow at | yellow at
at lower | lower lower
end end end

(M2) 75% eye | 75% eye | 75% eye
green, green,25 | green,25

25% eye | % eye | % eye
yellow yellow yellow
(M3) 50% eye | 50% eye | 50% eye
green, green, green,
50% eye | 50% eye | 50% eye
yellow yellow yellow
4 (M1) 75% eye | 85% eye | 85% eye
green, green, green,
15% eye | 15% eye | 15% eye
yellow yellow yellow
(M2) 50% eye | 60% eye | 60% eye
green, green, green,
50% eye | 20% eye | 40% eye
yellow yellow yellow
(M3) 20% eye | 30% eye | 40% eye
green, green, green,
80% eye | 70% eye | 60% eye
yellow yellow yellow
7 (M1) 25% eye | 50% eye | 75% eye
green, green, green,
75% eye | 50% eye | 25% eye
yellow yellow yellow
(M2) Entire 25% eye | 50% eye
surface green,75 | green,
yellow % eye | 50% eye
yellow yellow
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(M3) Entire 10% eye | 25% eye
surface green,90 | green,75
yellow % eye| % eye
yellow yellow

9 (M1) 10% eye | 25% eye | 60% eye
green, green, green,

90% eye | 75% eye | 40% eye
yellow yellow yellow

(M2) Entire 10% eye | 40% eye
surface green,90 | green,
yellow % eye | 60% eye

yellow yellow

(M3) Discarde | Entire 10% eye
d earlier | surface green,90

yellow % eye
yellow

10 (M1) Entire 10% eye | 50% eye
surface green,90 | green,

yellow % eye | 50% eye
yellow yellow

(M2) Discarde | Entire 30% eye
d earlier | surface green,

yellow 70% eye
yellow

(M3) Entire Entire Entire
surface surface surface
yellow yellow yellow

11 (M1) Entire Entire 40% eye
surface | surface green,
yellow yellow 60% eye

yellow

(M2) Entire Entire 20% eye
surface | surface green,
yellow yellow 80% eye

yellow

(M3) Entire Entire Entire
surface surface surface
yellow yellow yellow

12 (M1) Discarde | Entire 30% eye
d earlier | surface green,

yellow 70% eye
yellow

(M2) Discarde | Entire 10% eye
d earlier | surface green,

yellow 90% eye
yellow

(M3) Discarde | Entire Entire
d earlier | surface surface

yellow yellow
with
black
spot
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13 (M1) Discarde | same 20% eye
d earlier green,
80% eye
yellow
(M2) Discarde | same 10% eye
d earlier green,
90% eye
yellow
(M3) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
14 (M1) Discarde | Entire 10% eye
d earlier | surface green,
yellow 90% eye
with yellow
black
spot
(M2) Discarde | same Entire
d earlier surface
yellow
(M3) Discarde | same Entire
d earlier surface
yellow
15 (M1) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M2) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M3) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
16 (M1) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M2) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M3) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
17 (M1) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M2) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M3) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
with
black
spot
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18 (M1) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
(M2) Discarde | Discarde | Entire
d earlier | dearlier | surface
yellow
with
black
spot
(M3) Discarde | Discarde | Same
d earlier | d earlier
19 (M1) Discarde | Discarde | Same
d earlier | dearlier
(M2) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M3) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
20 (M1) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M2) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M3) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
21 (M1) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M2) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M3) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
22 (M1) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M2) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M3) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
23 (M1) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M2) Discarde | Discarde | Discarde
dearlier | dearlier | d earlier
(M3) Discarde | Discarde | Discarde
dearlier | dearlier | d earlier
24 (M1) Discarde | Discarde | Discarde
dearlier | dearlier | dearlier
(M2) Discarde | Discarde | Discarde
dearlier | dearlier | d earlier
(M3) Discarde | Discarde | Discarde
dearlier | dearlier | d earlier
25 (M1) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
(M2) Discarde | Discarde | Discarde
d earlier | dearlier | dearlier
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(M3) Discarde | Discarde | Discarde
dearlier | dearlier | dearlier
M1: Premature fruit, M2:1/4th mature fruit, M3:1/2th
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within Porous cartoon.

B. Total Weight Loss of Fruit

Maturity stage, storage condition and their combinations
had significant effects on weight [16]. Different storage
conditions had pronounced effects on total weight loss
of pineapple. At 5™ day of storage minimum weight loss
was observed in pineapple stored within porous cartoon
package at cold storage (7.65%, 3.53% & 2.63%
respectively in premature, 1/4™ mature and 1/2" mature
pineapple). The rate of higher weight loss of pineapple
was recorded at ambient storage condition (Table 2).
The combined effect of storage condition and maturity
showed highly significant variation during storage
period. Weight loss of pineapple (26.06%) was recorded
highest on 25™ day, in premature pineapples in control
condition, while it was lowest (12.77%) at 25" days of
storage in 1/2™ mature pineapples those were stored
within porous cartoon package at cold storage [17].
During storage period 1/2th mature pineapple stored
within porous carton at cold storage shows lower weight
loss (2.63% at 51 day to 12.77% at 25" day) due to
physical barrier like porous paper carton package and
low temperature [13].

The decrease in fruit weight may be attributed to both
water losses through transpiration and substrate loss by
respiration [18]. Minimum weight loss appeared to be
inhibited by storage within porous cartoon packages at
cold storage.

Table 2. Effects of maturity and storage condition on
weight loss (%) of pineapple.

Maturity Weight loss (%)

stage X Days of storage

Storage | 5 10 15 20 25
condition

M1 | TO | 13.25 | 16.67 | 19.85 | 22.28 | 26.06

T1 | 11.41 | 13.64 | 15.50 | 21.07 | 24.54

T2 | 765 |8.78 | 10.00 | 12.60 | 16.70

M2 | TO | 7.88 | 11.49 | 15.77 | 20.00 | 23.81

Tl | 3.60 |8.65 | 12.27 | 1551 | 17.55

T2 | 353 |542 | 717 |10.45]|13.13

M3 | TO | 6.64 |10.23 | 13.73 | 18.22 | 23.11

T1 {3.01 |573 |800 | 1131 16.55

T2 | 263 |4.46 |6.11 | 1021|1277

M1: Premature fruit, M2: 1/4th mature fruit, M3: 1/2th
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within  Porous cartoon.
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C. Edible Portion of Fruit
Pineapple of different maturity stage contains different
edible portion at initial and also varies during storage
period. 1/2"" mature pineapple contain the highest
(58.53%) edible portion than 1/4th mature (57.41%) and
premature pineapple (55.60%) at the harvesting day.
The increase in edible portion of two maturity stages
(1/4" and 1/2™" mature) was rapid up to 15" day of
storage then decreased while it was slow for premature
pineapples (Table 3).
The effect of storage conditions had also affected on
edible part. At the 15" day of storage, the highest
(62.21%) edible portion was recorded in premature
pineapple stored within porous cartoon package at cold
storage while the lowest (60.41%) in control fruits
(Table 3). The edible portion of pineapples stored at cold
storage without packaging and within porous carton
packages was enhanced up to 15" day then reduced
while it was increasing up to 10" day of storage for
pineapples stored at ambient condition after that it
decreases with day of storage [19].
The lowest (59.51%) was recorded in pineapple stored
within porous cartoon package at cold storage (Table 3).
Edible portion of pineapple increases up to 15" day in
pineapples stored at cold storage without packaging and
after that it decreases rapidly due to spoilage [20]. The
interaction effect was significant at 10" day on the
edible portion of fruit daring storage.

Table 3. Effects of maturity and storage condition on

changes in edible portion (%)

Maturity Edible portion (%)
stage X Days of storage
Storage 5 10 [15 [20 [25
condition
TO 59.7 | 615 | 60.7 | 59.98 | 50.4
M1 7 6
T1 58.1 | 61.2 | 61.1 | 60.29 | 51.3
0 4
T2 58.6 | 59.5 | 62.2 | 60.11 | 52.2
1 3
TO 61.0 | 614 | 60.4 | 58.09 | 44.2
M2 5 3
T1 60.0 | 60.0 | 615 | 59.40 | 46.2
8 9
T2 578 | 609 | 619 |61.28 | 46.3
7 2
TO 60.9 | 62.1 | 60.4 | 5897 | 414
M3 1 2
T1 598 | 61.6 | 62.0 | 58.99 | 43.2
3 1
T2 58.8 | 60.3 | 62.0 | 60.16 | 44.5
2 4
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Note: M1: Premature fruit, M2: 1/4th mature fruit, M3:
1/2th mature fruit; TO: Control, T1: Cold Storage
without packaging, T2: Cold Storage within Porous
cartoon.

Z: Initial value of 1/2th mature

D. Pulp to Peel Ratio

Pulp to peel ratio determines the presence of edible and
non-edible portion of the fruit. Pulp to peel ratio had no
significant effect among the different maturity stages. It
was observed that initially after harvesting of pineapples
the highest (1.411) pulp to peel ratio was found in 1/2%
mature followed by pulp to peel ratio (1.348) in 1/4"
mature pineapple and the lowest (1.256) in premature
pineapples [21]. Different storage conditions
significantly influenced pulp to peel ratio of fruits
during storage. Highest pulp to peel ratio (1.565) at 5™
day was recorded in premature pineapples under control,
at 10™ days it was observed that pineapples of different
maturity stages showed higher pulp to peel ratio under
control, but at 15" days it was higher in pineapples
stored within porous cartoon package at cold storage.
Pulp to peel ratio was increased up to certain days of
storage and then declined for each storage conditions.
Pulp to peel ratio of premature pineapples stored within
porous carton packages shows higher pulp to peel ratio
(1.64) at 15" day of storage and finally it was lowest
(0.71) in 1/2"" mature pineapples stored at ambient
condition [22]. The pulp increase in weight due to an
increase in water content. This water is obtained from
the peel and probably also from the stalk. This causes
weight loss in peel with concomitant rise in pulp to peel
ratio. According to ANOVA, the interaction effect of
pulp peel ratio was not significant. The increase of pulp
to peel ratio may be due to two factors (Table 4).

Table 4. Effects of maturity and storage condition on
changes in pulp to peel ratio of pineapple

Maturity Pulp to peel ratio

stage X Days of storage
Storage 5 10 [15 |20 |25
condition

TO 148 | 1.60 | 1.53 | 1.49 | 1.02

M1 [T1 [139]158 [161 [152 |1.05

T2 142 | 149 | 164 | 154 |1.09

TO 156 |1.64 | 153 | 148 | 0.79

M2 | T1 1.38 | 150 | 1.60 | 1.46 | 0.86

T2 137|156 | 1.63 | 1.59 | 0.86
5 2

TO 156|164 | 152 | 144 (071

M3 | T1 148 | 1.63 | 151 | 1.47 | 0.761

T2 143 | 152 |1.63 | 1.55 | 0.803
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M1: Premature fruit, M2: 1/4™ mature fruit, M3: 1/2%
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within Porous cartoon.

Z: Initial value of 1/2th mature.

E. Total Soluble Solid (TSS) Content of Fruit Pulp
Storage conditions were found to have significant
effects on changes in TSS content of fruit juice during
storage at 15" and 25™ day of storage. The lowest TSS
was recorded in pineapples stored within porous cartoon
package at cold storage up to 15" day of storage and
highest TSS was recorded in fruits stored at ambient
condition, but after 15" day of storage it was higher in
pineapples stored within porous cartoon package at cold
storage and lower in pineapples stored at ambient
condition [23]. Lower TSS (15.67%) was observed in
premature and 1/2™" mature pineapples stored at ambient
storage condition at 25" day (Table 5).

TSS in fruit pulp was influenced significantly by the
combined effect of maturity stages and postharvest
treatments during the storage period. At 15" day of
storage the highest TSS (16.67%) was recorded in 1/2%"
mature pineapples under control, while it, was minimum
(15.67%) in premature pineapples stored without
packaging at cold storage (Table 5). The interaction
effect showed statistically significant differences on the
change in TSS content during storage at 5 and 20™ day.
Increase in TSS content may be due to increase in
soluble sugar, soluble pectin and soluble organic acid
etc. Increasing the content of total sugar with the
progress up to certain period of storage and there after
declined. The initial Sugars increase up to 10 days may
be due to hydrolysis of starch in to sugars, while the
decline later may be attributed to utilization of sugar for
respiration [24]. The apparent rise in sugar may be
attributed to the loss of moisture from the fruits during
storage [25].

Table 5. Effects of maturity and storage condition on
changes in Total Soluble Solid (TSS)

Maturity stage x Total Soluble Solid (TSS)

Storage condition
Days of storage

M1: Premature fruit, M2: 1/4th mature fruit, M3: 1/2th
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within Porous cartoon.

Z: Initial value of 1/2th mature

F. pH of Fruit Pulp

Initially lower pH (3.767) was recorded in premature
pineapple, 3.833 in 1/4th mature pineapple and it was
higher pH (3.867) in 1/2™ mature pineapple. Pineapple
juice has 3.8 pH value. pH indicates indirectly acidity of
fruit, which increases with days of storage. At 25th day
of storage higher pH were recorded in 1/2" mature
pineapples, which followed by 1/4th mature pineapples
and the lower pH value were recorded in premature
pineapples (Table 6).

Storage conditions affected on changes in pH of
pineapple juice [26]. At 5" day of storage lower pH
(3.833) was recorded in premature pineapples stored
within porous cartoon package at cold storage, it was
higher pH (3.967) in 1/2"" mature pineapples stored at
ambient condition. The effect of storage condition
showed that pH increases with days of storage [27].
Pineapples stored at ambient condition shows wide
range of pH change, 3.767 at harvesting day to 4.1 at 25%"
day of storage in premature pineapples, 3.833 at
harvesting day to 4.133 at 25th day of storage in 1/4%"
mature pineapples and 3.867 at harvesting day to 4.167
at 25% day of storage in 1/2" mature pineapples [28].
pH.in pineapple pulp was not influenced significantly
and postharvest treatments during the storage period
[29]. At 25" day of storage lower pH (4.067) was
observed in premature and 1/4" mature pineapples
stored within porous cartoon package at cold storage,
and higher pH was recorded in 1/2" mature fruits stored
at ambient condition (Table 6). During storage period
pH of pineapple of all maturity under all storage
conditions increased with increase of storage time [30].
The interaction effect showed statistically not
significant differences on the change in TSS content
during storage.

Table 6. Effects of maturity and storage condition on
changes in pH of pulp of pineapple during storage.

5 10 15 20 25
T0 14 | 1533 | 16.00 16.00 15.67
M1
T1 14 | 1533 | 16.00 16.33 16.00
T2 14 | 1500 | 1567 16.33 16.00
T0 15 | 1567 | 16.33 16.67 16.00
M2 T 15 | 1533 | 1567 | 1600 | 1567
T2 15 | 1533 | 15.67 16.00 16.00
T0 16 | 16.33 | 16.67 16.00 15.67
M3 T1 16 | 16.67 16.00 16.00 15.67
T2 16 | 16.00 | 16.33 16.33 16.00

All rights are reserved by UIJRT.COM.

Maturity pH of fruit pulp

stage Days of storage

X .S.torage 5 10 15 20 25
condition

TO | 3.83 | 3.933 | 4.00 | 4.06 | 4.10

M1 771 [ 386 | 3.90 | 3.967 | 403 | 4.06

T2 | 3.83 | 3.86 | 3.933 | 4.00 | 4.06

TO | 3.90 | 3.967 | 4.00 | 4.06 | 4.13

M2 T1 | 3.86 | 3.93 | 400 | 4.03 | 4.10

T2 | 3.86 | 3.90 | 3.967 | 4.03 | 4.06
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TO | 3.96 | 403 | 4067 | 410 | 4.16

M3 T1 | 3.96 | 4.00 | 4.033 | 4.067 | 4.13

T2 | 3.90 | 3.93 | 3.967 | 4.03 | 4.10

M1: Premature fruit, M2: 1/4th mature fruit, M3: 1/2th
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within Porous cartoon.

Z: Initial value of 1/2th mature

G. Postharvest Fungal Incidence

Symptoms of fruit soft rot disease of pineapple during
storage was found to begin as scattered spots on the
outer surface of the pineapples. The spots enlarged and
coalesced which caused damage in a large portion of
fruit. At later stage, white cottony fungal mycelia
developed on the fruit surface. Sometimes the surface of
the pineapples turned deep brown with numerous black
dots. Gradually whole fruit were black rotted [31].
Fleshes were blackened and unfit for consumption.
There had significant variation regarding the fungal
incidence among different maturity stages under
different storage conditions [32]. At 5" day, the top
fungal incidence was in 1/2" mature pineapples which
was enhanced to (100%) at 25" day of storage. The
lowest fungal incidence was in premature pineapples at
5th day of storage which was gradually increased up to
(100%) at 25™ day of storage (Table 7).

In storage period of pineapple, fruits are infected by
Ceratocystis paradoxes, Penicillium sp. and bacteria and
the following diseases are developed soft rot, heart rot,
and bacterial rot etc. These diseases developed rapidly
at ripening but did not occur in fruit picked green [33].
There was no infection up to 5 days after storage in
pineapples stored within porous cartoon package at cold
storage, fungal incidence in pineapples stored without
packaging at cold storage was higher than pineapples
stored within porous cartoon package at cold storage,
[34] and highest in fruits at ambient condition at any day
of storage (Table 7). At 20" day of storage the highest
(100%) fungal incidence was observed in control
condition, while the lowest (50%) was observed in
pineapples stored within porous cartoon package at cold
storage (Table 7). The rate of increase in fungal
incidence is higher in pineapples stored at ambient
condition, which is lowest in pineapples store within
porous carton at cold storage [14].

The joint effect of stage in relation to fungal incidence
of pineapple was significant during the storage period
[9]. At 15th day of storage the highest (100%) fungal
incidence was observed in 1/2™ mature pineapples under
control treatment, premature fruits stored within porous
cartoon package at cold storage were observed the
minimum fungal incidence (0%). At 20" day, premature

All rights are reserved by UIJRT.COM.

pineapples fungal incidence was lowest (50%) at cold
storage stored within porous cartoon package (Table 7).
Analysis of variance showed that interaction effect was
not significant in this respect [35].
Table 7. Effects of maturity and storage condition on
fungal incidence (%) of pineapple

Maturity stage Fungal incidence (%) Shelf
X " Storage Days of storage Life
condition (Day
5 10 15 20 25 s)
TO 16.67 | 44.44 | 77.77 100 100 11.33
M1 T1 8.33 2222 | 4444 | 8333 | 100 | 13.67
T2 0 0 0 50.0 100 18.67
TO 25 50 88.88 100 100 | 9.67
M2 T1 16.67 | 3333 | 5555 | 100 | 100 | 13
T2 0 0 11.11 | 66.67 100 17.33
TO 33.33 | 66.67 100 100 100 | 8.33
M3 T1 25 33.33 | 66.67 100 100 | 12.33
T2 0 8.33 | 22.22 | 8333 | 100 | 16.67

M1: Premature fruit, M2: 1/4th mature fruit, M3: 1/2th
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within Porous cartoon.

H. Shelf Life of Fruit

Longer shelf life was recorded for premature pineapples
than 1/4™ mature and 1/2"" mature pineapples under all
the storage condition (Figure 1). Storage conditions also
showed a significant effect on pineapple’s shelf life [36].
The longest shelf life was observed in pineapples stored
within porous cartoon package at cold storage, followed
by fruits stored without packaging at cold storage
whereas shortest shelf life was recorded in control
condition for all type of maturity [4]. There was a
significant variation among the treatment combinations
in the shelf life of pineapple. Higher shelf life (18.67
days) was observed in premature fruits stored within
porous cartoon package at cold storage, while it was
lower (8.33 days) in 1/2" mature fruits under the control.

24
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16
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TO T1 T2 |T0 T1 T2|T0 T1 T2

M1 M2 M3
Combination of Maturity & Storage Condition

Shelf Life (Da&s)

Figure 1. Effects of maturity and storage condition on
shelf life of pineapple during storage.
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M1: Premature fruit, M2: 1/4th mature fruit, M3: 1/2th
mature fruit;

TO: Control, T1: Cold Storage without packaging, T2:
Cold Storage within Porous cartoon.

IV. CONCLUSIONS
The fruits of three maturity stages were assigned to three

different storage conditions. Observations on color, pulp
to peel ratio, total weight loss, edible portion, pH, total
soluble solids, fungal incidence and shelf life were
made. Both the maturity stage of fruit and storage
condition showed noticeable influence on color change
of fruit during the storage period. The fruit stored in cold
storage within porous cartoon retained green color up to
14 days of storage, and it was more distinctive than other
storage conditions. At 14th day of storage entire surface
of 1/4th mature pineapple and at 10th day of storage
entire surface of 1/2th mature pineapple became yellow.
Storage within porous cartoon at cold storage is
effective compared with other treatments for retaining
green color and storability of pineapple.

Significant variation in total weight loss between the
three different maturity stages was observed. The higher
weight loss was recorded in the premature fruits,
followed by 1/4th mature fruits, while it was lower in
the 1/2th mature fruits at 25th day of storage at every
storage condition. 1/2th mature pineapples stored within
porous cartoon at cold storage showed lower weight loss
(2.63%, 4.46%, 6.11%, 10.21% and 12.77% at 5th, 10th,
15th, 20th, 25th day of storage respectfully).

Premature pineapple contains (55.60%) edible portion,
1/4th mature pineapple contains (57.41%) and the 1/2th
mature pineapple (58.53%). The edible portion of
pineapples stored at cold storage without packaging and
within porous carton packages was increased up to 15th
day of storage then decreased while it was increasing up
to 10th day of storage for pineapples stored at ambient
condition. The highest edible portion (62.21%) was
recorded in premature fruits stored in cold storage
within porous cartoon at 15th day of storage. Pulp to
peel ratio of premature pineapples stored within porous
carton packages shows higher pulp to peel ratio (1.64) at
15th day of storage and finally it was lowest(0.71) in
1/2th mature pineapples stored at ambient condition.
After harvesting 1/2th mature pineapples contained
higher TSS (15.33%), 1/4th mature pineapple contained
14.67% when it was lowest (13.33%) in immature
pineapples. At 15™ day, the highest TSS (16.67%) was
recorded in 1/2th mature pineapples under control, while
it, was minimum (15.67%) in premature pineapples
stored without packaging at cold storage TSS increases
with day of storage gradually and after certain period it
starts to decrease.

All rights are reserved by UIJRT.COM.

The pH of fruit pulp was showed significant effect in
different maturity stages of fruits. Initially lower pH
(3.767) was recorded in premature pineapple, 3.833 in
1/4th mature pineapple and it was higher pH (3.867) in
1/2th mature pineapple. The effect of storage condition
showed that pH increases with days of storage.
Pineapples stored at ambient condition shows wide
range of pH change, 3.767 at harvesting day to 4.1 at 25%"
day of storage in premature pineapples, 3.833 at
harvesting day to 4.133 at 25" day of storage in 1/4th
mature pineapples and 3.867 at harvesting day to 4.167.
At 25" day of storage and the lower pH (4.067) was
recorded in premature and 1/4th mature pineapples
stored within porous cartoon package at cold storage.
There was significant variation regarding the fungal
incidence among different maturity stages under
different storage conditions. At 5™ day of storage, the
higher fungal incidence (33.33%) was recorded in 1/2t"
mature fruits stored at ambient condition which was
increased up to (100%) at 15™ day of storage. The lowest
disease incidence at 5th day at ambient condition
(8.33%) was observed in premature fruits, which was
gradually increased up to (100%) at 20'" day of storage.
There was no infection up to 5 days after storage in fruits
stored within porous cartoon package at cold storage.
The shelf life of pineapple significantly varied between
three different maturity stages. 1/2th mature pineapples
were better for consumption but they were perishable,
exhibited a short storage life on the other hand
premature pineapples contained the minimum quality
attributes but they showed longer storage life. The
longest shelf life (18.67 days) was recorded in premature
pineapples stored in cold storage within porous cartoon,
whereas lowest shelf life (8.33 days) in 1/2th mature
pineapples under control.
From the stated findings it is indicated that the edible
portion, pulp to peel ratio, TSS of fruit increased initially
during the storage, but declined after a certain period of
storage while total weight loss, pH of pineapples
increased throughout the storage. Among the storage
conditions storage within porous cartoon at cold storage
was found to be the best for retention of weight loss,
edible portion of pineapple during storage. The
treatment storage within porous cartoon at cold storage
appeared to be suitable for maintaining higher shelf life,
less fungal incidence as well as better quality of
pineapple. The following suggestions may be
considered for further studies:

» Investigation may be done on changes in

respiration and ethylene production under
definite storage condition.
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»  Other traditional techniques for storage needed
to be studied thoroughly particularly in respect
of efficiency and cost effectiveness.

Detail study may be conducted with treatments like, cold
storage and porous packing in relation to microbial
decay and storability of pineapple.

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

REFERENCES
A. Kader and E. M. Yahia, Postharvest biology of

tropical and subtropical fruits, vol. 1. Woodhead
Publishing Limited, 2011.

M. M. Hasan, B. S. Sarker, K. M. S. Nazrul, M. M.
Rahman, and A.-A. Mamun, “Marketing channel
and export potentiality of freshwater mud eel
(Monopterus cuchia) of Noakhali region in
Bangladesh.,” Int. J. Life Sci. Biotechnol. Pharma
Res., vol. 1, no. 3, pp. 226-233, 2012.

A. S. Prodhan, M. N. I. Sarker, A. Sultana, and M.
S. Islam, “Knowledge,adoption and attitude on
banana cultivation technology of the banana
growers of Bangladesh,” Int. J. Hortic. Sci. Ornam.
Plants, vol. 3, no. 1, pp. 47-52, Feb. 2017, [Online].
Available:
https://premierpublishers.org/ijhsop/26022017165
4.

M. Ferdous and M. A. Alim, “Physico-chemical
properties of mixed jam from pineapple and sweet
gourd,” J. Bangladesh Agric. Univ., vol. 16, no. 2,
pp. 309-314, 2018, doi: 10.3329/jbau.v16i2.37987.
M. N. I. Sarker, M. A. Ali, M. S. Islam, and M. A.
Bari, “Feeding Behavior and Food Preference of
Red Pumpkin Beetle, Aulacophora Foveicollis,”
Am. J. Plant Biol., vol. 1, no. 1, pp. 13-17, 2016,
doi: 10.11648/j.ajpb.20160101.12.

M. A. Ali, M. S. Islam, M. N. I. Sarker, and M. A.
Bari, “Study on Biology of Red Pumpkin Beetle in
Sweet Gourd Plants,” Int. J. Appl. Res. J., vol. 2, no.
1, pp. 14, 2015.

M. K. Haider, M. S. Islam, S. S. Islam, and M. N. I.
Sarker, “Determination of crop coefficient for
transplanted Aman rice,” Int. J. Nat. Soc. Sci., vol.
2, no. 23, pp. 34-40, 2015.

M. N. I. Sarker, M. S. Islam, M. A. Ali, M. S. Islam,
M. A. Salam, and S. M. H. Mahmud, “Promoting
digital agriculture through big data for sustainable
farm management,” Int. J. Innov. Appl. Stud., vol.
25, no. 4, pp. 1235-1240, 2019.

M. Dhar, S. M. Rahman, and S. M. Sayem,
“Maturity and post harvest study of pineapple with
quality and shelf life under red soil,” Int. J. Sustain.
Crop Prod., vol. 3, no. February, pp. 69-75, 2008.
K. Hassan, “Postharvest Handling of Fruits and
Vegetables,”  Department of  Horticulture,

All rights are reserved by UIJRT.COM.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Bangladesh Agricultural University, Mymensingh
2202, Bangladesh, 2010.

M. N. I. Sarker, M. S. Islam, H. Murmu, and E.
Rozario, “Role of Big Data on Digital Farming,”
Int. J. Sci. Technol. Res., vol. 9, no. 04, pp. 1222—
1225, 2020.

M. N. I. Sarker, B. Yang, Y. Lv, M. E. Hug, and M.
M. Kamruzzaman, “Climate Change Adaptation
and Resilience through Big Data,” Int. J. Adv.
Comput. Sci. Appl., vol. 11, no. 3, pp. 533-539,
2020, doi: 10.14569/1JACSA.2020.0110368.

S. Ediriweera, K. Abeywickrama, and M. Latifa,
“Effect of Chemical Pretreatments on the Quality of
Minimally  Processed Pineapple Stored in
Polystyrene Packages,” Ceylon J. Sci. (Biological
Sci.,, vol. 41, no. 2, p. 151, 2013, doi:
10.4038/cjsbs.v41i2.5385.

J. Eke-Ejiofor, J. Allen, and 1. Ekeolisa, “Food
Science and Nutrition Technology Physicochemical
, Sensory Properties and Bacteria Load of Jam
Produced from Squash ( Cucurbita ) Fruit,” Food
Sci. Nutr. Technol., vol. 4, no. 3, pp. 1-7, 2019, doi:
10.23880/fsnt-16000187.

M. N. I. Sarker, M. Wu, B. Chanthamith, and C.
Ma, ‘“Resilience Through Big Data: Natural
Disaster Vulnerability Context,” in Advances in
Intelligent Systems and Computing, vol. 1190,
2020, pp. 105-118.

M. N. I. Sarker, “Knowledge, Adoption and
Constraint analysis of Chilli Technology in Char
Area of Bangladesh,” Int. J. Ecol. Dev. Res., vol. 1,
no. 1, pp. 16-18, 2016.

G. Chen, X. Sui, and M. M. Kamruzzaman,
“Agricultural remote sensing image cultivated land
extraction technology based on deep learning,”
Rev. la Fac. Agron., vol. 36, no. 6, pp. 2199-22009,
2019.

G. Chen, Z. Sun, and M. M. Kamruzzaman,
“Application of microscope in the study of aquatic
environment,” Acta Microsc., vol. 28, no. 5, pp.
1176-1184, 2019.

S. Supapvanich, P. Mitrsang, and P. Srinorkham,
“Effects of ‘Queen’ and ‘Smooth cayenne’
pineapple fruit core extracts on browning inhibition
of fresh-cut wax apple fruit during storage,” Int.
Food Res. J., vol. 24, no. 2, pp. 559-564, 2017.

M. Zainal Abidin, R. Shamsudin, Z. Othman, and
R. Abdul Rahman, “Effect of postharvest storage of
whole fruit on physico-chemical and microbial
changes of fresh-cut cantaloupe (Cucumis melo L.
Reticulatus cv. Glamour),” Int. Food Res. J., vol.
20, no. 2, pp. 953-960, 2013.



UIJRT | United International Journal for Research & Technology | Volume 01, Issue 12, 2020 | ISSN: 2582-6832

[21] N. Phuoc Minh et al., “Quality and Shelf Life of

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Processed Pineapple by Different Edible Coatings,”
J. Pharm. Sci. Res., vol. 11, no. 4, pp. 1441-1446,
2019.

A. M. Rojas-Grali, R. Soliva-Fortuny, and O.
Martin-Belloso, “Edible Coatings as Tools to
Improve Quality and Shelf-Life of Fresh-Cut
Fruits,” Fresh Prod., vol. 3, no. 1, pp. 6572, 2009,
[Online]. Available:
https://pdfs.semanticscholar.org/4645/c6ec77d2eb
d969f9a13d343113553504f0f6.pdf.

S. L. Marpudi, L. S. S. Abirami, R. Pushkala, and
N. Srividya, “Enhancement of storage life and
quality maintenance of papaya fruits using Aloe
vera based antimicrobial coating,” Indian J.
Biotechnol., vol. 10, no. 1, pp. 83-89, 2011.
X.H.Lu,D.Q.Sun,Y.W.Mo,J.G. Xi,and G. M.
Sun, “Effects of post-harvest salicylic acid
treatment on fruit quality and anti-oxidant
metabolism in pineapple during cold storage,” J.
Hortic. Sci. Biotechnol., vol. 85, no. 5, pp. 454-458,
2010, doi: 10.1080/14620316.2010.11512697.

S. A. Akher, M. N. 1. Sarker, and S. Naznin, “Salt
stress mitigation by salicylic acid in wheat for food
security in coastal area of Bangladesh,” J. Plant
Stress Physiol., vol. 4, pp. 07-16, Jan. 2018, doi:
10.25081/jpsp.2018.v4.3424.

M. N. I. Sarker, S. C. Barman, M. Islam, and R.
Islam, “Role of lemon (Citrus limon) production on
livelihoods of rural people in Bangladesh,” J. Agric.
Econ. Rural Dev., vol. 2, no. 1, pp. 167-175, 2017.
R. E. Paull, S. Ketsa, Q. Characteristics, and H. M.
Indices,  “Pineapple: quality-
maintenance guidelines,” Fruit, Nut, Beverage
Crop., vol. 32, no. May, pp. 1-6, 2014.

K. Oo and S. Than, “Study On Physico-Chemical
Properties And Shelf- Life Of Mixed Pineapple
And Mango Jam Under Ambient Storage,” Int. J.
Adv. Res. Publ., vol. 3, no. 8, pp. 4-8, 2019.

M. N. I. Sarker, S. M. M. Azam, S. Parvin, and M.
S. Rahman, “DNA fingerprinting and molecular
characterization of Brassica cultivars using RAPD
markers,” Res. J. Biotechnol., vol. 14, no. 8, pp. 40—
44, 2019.

M. N. I. Sarker, M. S. Ahmad, M. S. Islam, M. M.
M. A. Syed, and N. H. Memon, “Potential food
safety risk in fruit production from the extensive use
of fluorine-containing agrochemicals,” Fluoride,
vol. 53, no. 3, pp. 1-22, 2020.

M. S. Islam, M. A. Ali, and M. N. |. Sarker,
“Efficacy of medicinal plants against seed borne
fungi of wheat seeds,” Int. J. Nat. Soc. Sci., vol. 2,
no. 21, pp. 48-52, 2015.

Postharvest

All rights are reserved by UIJRT.COM.

[32]

[33]

[34]

[35]

[36]

S. Kamol, J. Howlader, G. S. Dhar, and M.
Aklimuzzaman, “Effect of different stages of
maturity and postharvest treatments on quality and
storability of pineapple,” J. Bangladesh Agric.
Univ., vol. 12, no. 2, pp. 251-260, 2016, doi:
10.3329/jbau.v12i2.28679.

M. S. Islam, M. N. I. Sarker, and M. A. Ali, “Effect
of seed borne fungi on germinating wheat seed and
their treatment with chemicals,” Int. J. Nat. Soc.
Sci., vol. 2, no. 21, pp. 28-32, 2015.

M. S. Islam, R. Proshad, M. Asadul Haque, M. F.
Hoque, M. S. Hossin, and M. N. Islam Sarker,
“Assessment of heavy metals in foods around the
industrial areas: health hazard inference in
Bangladesh,” Geocarto Int., vol. 35, no. 3, pp. 280—
295, Feb. 2020, doi:
10.1080/10106049.2018.1516246.

P. C. Arampath and M. Dekker, “Bulk storage of
mango (Mangifera indica L.) and pineapple
(Ananas comosus L.) pulp: effect of pulping and
storage temperature on phytochemicals and
antioxidant activity,” J. Sci. Food Agric., vol. 99,
no. 11, pp. 5157-5167, 2019, doi:
10.1002/jsfa.9762.

M. T. Ansari, “Factors Affecting of Fruits ,
Vegetables and Its Quality,” J. Med. Plants Stud.,
vol. 6, no. 6, pp. 16-18, 2018.



