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ABSTRACT

The study was conducted to develop an appropriate storage method and investigate the pattern of
physico-chemical changes and shelf life of Shahi papaya under different storage conditions. The
experiment was carried out at the Germplasm Centre, Plant Pathology and Molecular Horticulture
Laboratory of the Discipline of Agrotechnology, Khulna University, Khulna during the period from
April to May, 2013, to investigate the effect of different postharvest treatments of plant extract on fruit
characteristics, physico-chemical changes, disease incidence and severity and shelf life of papaya cv.
Shahi. The experiment comprised of six plant extract treatments including control viz., control (T;),
onion (T2), neem (T3), garlic (T,), bishkantali (Ts), datura (Ts) extracts. The single-factor experiment was
laid out in completely randomized design (CRD) with three replications. Among the physico-chemical
parameters such as TSS, weight loss and dry matter content increases significantly whereas pulp to peel
ratio, moisture content decreases during storage in all treated and untreated fruits. There was significant
increasing tendency was also obtained in relation to disease incidence and severity. Among the
physico-chemical parameters, garlic extract treated fruits of Shahi papaya produced significantly the
maximum pulp to peel ratio 3.82. It was also observed that the lowest total soluble solid (11.27%), was
in garlic treated fruits. Per cent of total weight loss was lowest in garlic extract treated fruits (36.18%),
highest moisture content was in datura extract treated fruits (76.67%). Per cent dry matter content of
fruits was higher in bishkantali extract treated fruits (29.67%). Postharvest disease was severe at 10
DAS it was the maximum (100%) in untreated and datura treated fruits where the minimum (59.33%)
was in bishkantali treated fruits and it was increase 80% up to 14 DAS. Botanical extracts showed
highly significant variation in the shelf life of papaya. On the basis of storage performance, garlic
extract resulted in the longest shelf life (15.95 days) and shortest (8.67 days) was recorded in untreated
fruits preceded by those kept in neem extract (10.98 days), onion extract (12.82 days), datura extract

(13.00 days), and bishkantali extract (14.90 days), respectively.
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R e 2

has made its way from kitchen gardens to that of commercial orchards in many tropical
and subtropical countries because of its highest production of fruits and contributed an
income next to banana. Papaya has been called as ‘common man’s fruit’ which is a
nutritious table fruit of high digestive value and rich in vitamins and minerals. It is a good
source of vitamin A, vitamin C and calcium (Nakasone and Paull, 1998; Hayes, 1993 and
Arriola et al., 1980). The amount of vitamin A in papaya is the second highest among fruits
and comes next to mango (Aykroyed, 1951). It contains fair quantities of vitamin C, some
tiboflavin and niacin and it is a good source of calcium, phosphorus and fron. Bose (1985)
reported that papaya contains 89.6% moisture, 0.5% protein, 0.1% fat, 9.5% carbohydrate,
0.01% calcium, 0.01% phosphorus, 2020 TU/g vitamin A, 40 mg/100 g vitamin C and 0.2
mg/100 g nicotinic acid. “Papain’ is one of the most powerfil plant proteolytic enzymes
obtained from papaya fruits (Hami, 1960), The raw fruits contain an alkaloid or proteolytic
enzyme ‘Papain’, which is a commercial product of several tropical American nations and
is useing in several medicine and food preparations. Economicalty, Carica papaya is the
most important species within the Caricaceae, being cultivated widely for consumption as a
fresh fruit and for use in drinks, jams, candies and as dried and crystallized fruit (Villegas,
1997). Green fruit and the leaves and flowers may also be used as cooked vegetable
(Watson, 1997). Apart from the fruit, papaya leaves also have some medicinal values and
the roots are used to cure typhoid fever and piles, the stem and bark can be used for making
Topes. The other uses include extraction of vils as a source of protein and in medicine to
thirst and as a vermifuse. Papaya is known for its fine and natural laxative virtue which aids
digestion. Papaya are rich in enzymes called ‘papain’ and ‘chymopapain’ that break down
the proteins from the food a person eats into amino acids and therefore helps digestion. The
anti-inflammatory properties and high antioxidant content of papaya is known to prevent

cholesterol oxidation and can be used in preventative treatments against strokes, heart




An experiment was carried out by Chadha er al. (1972), at Banglaore in India, with
pineapple fruits of different stage of maturity in respect of physico-chemical changes in

them, concluded that very young pineapple had a high TSS.

2.1.4. Pulp to peel ratio
Uddin and Hossain (1993) carried out an experiment on the pineapple fruits (¢cv. Giant
Kew) in the field laboratory of BARI at Joydebpur. They found that pulp to peel ration

increased up to 15 days of storage after which it decreased slightly.

Tripathi et al. (1981) mentioned an increase in pulp to peel ration during ripening. The
reason for this was explained by him that 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.

2.2, Effect of plant extract on disease incidence and severity

Echerenwa and Umechuruba (2004) carried out an experiment on postharvest fungal
diseases of papaya (Carica papaya L.) fruits and the following fungi were isolated from
the tissues of diseased fruits: Fusariurn solani, Phoma caricae papayae, Aspergillus
flavus, Aspergillus niger, Botrrydiplodia theobrimae, Cladosporium herbarurn,
Colletotrichum  dematiurn, Fusarium moniliforme (Gibberella moniliformis,),
Phornopsis caricae-papavae, Penicilliurn sp., and Rhizopus stlionifer and F. solani

caused the greatest rot on the fruits.

Muniz et al. (2003) conducted an experiment to identify the fungal diseases on eight

different fruit cultivars during storage. The fungi were isolated on PDA medium and
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Singh et al. (2000) studied the effect of plant extract, castor oil and neem oil on storage
behaviour of mango (Mangifera indica) cv. Langr.a and reported that the treatment of
neem oil (10%) showed the minimum physiological weight loss when compared to other
treatments and controls, wherein, the maximum physiological weight loss (17.28%) was

recorded on the 12" day of storage.

Magboo!l et al. (2011) were studied on the management of anthracnose caused by
Colletotrichum spp. Antifungal effects of gum arabic (GA) (10%), lemongrass oil (LG)
(0.05%), cinnamon oil (CM) (0.4%), and their combinations were investigated in vifro and
in vivo for controlling postharvest anthracnose of banana and papaya. LG at 0.05% and
0.4% CM showed fungicidal effects against Colletotrichum musae and Colletotrichum
gloeosporioides, causal organisms of banana and papaya anthracnose, respectively. The
results suggest the possibility of using 10% gum arabic combined with 0.4% cinnamon oil
as a biofungicide for controlling postharvest anthracnose in major tropical fruit such as

banana and papaya.

Anthracnose, caused by Colletotrichum gloeosporioides, a fungal pathogen. It infects
new flushes of leaves or may occur at the various stages of development from fruit set to
maturity. The disease is common during wet season as it spreads and reproduces rapidly
specially in warm areas. At present, pesticide is the most widely recommended and
adopted method of controlling the pest. Ines et al. (2008) evaluated the efficacy of
promising plant materials against anthracnose of Hawaiian and native mango seedlings.
The Plant materials evaluated were neem (Azadirachta indica A. Juss), ‘Malunggay’
(Moringa oleifera L.), and garlic (4llium sativum). The effect of the Plant extracts was

compared with those of untreated plants and fungicide-treated plants.
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Meah (2007) stated that garlic clove completely arrested that mycelia growth and spore
germination of Phomopsis vexans and produced larger inhibition zeones (5.7 cm and 5.5
cm diameter, respectively) in in vitro tests. In the nursery, garlic bulb extracts completely

controlled damping off and seedling blight and promoted seed germination.

Hossain (2007) conducted an experiment and showed that tablets of garlic clove extract
were evaluated for controlling Phomopsis blight and fruit rot of brinjal cv. Laffa(s)
caused by Phomopsis vexans. Five different doses of garlic tablet viz. 1:1, 1:2, 1:3, 1:4
and 1:5 were applied at pre-flowering, fruiting and ripening stage. All the doses showed
good results. The lowest percent leaf infection (11.49%), percent leaf area diseased
(1.07%), percent fruit infection (26.33%) and lesion size (1 cm?) was recorded in 1:4

spray dose.

Inoculating orange fruits with the Trichoderma hamatum, Trichoderma harzianum and
Bacillus subtilis as biological control agents reduced the severity of fruit rot, with
considerable decrease in fruit acidity. These changes differed according to the
concentration of the tested biological control agents (Eisa et al., 2001; Abd-El-Aziz and
Mansour, 2006).

Dhali (2006) showed that garlic tablets treatment controlling Phomopsis blight and fruit
rot of Solanum melongena cv. Dohazari caused by Phomopsis vexans was evaluated
different doses (1:1, 1:2, 1:3 and 1:4 w/v) at three crop growth stage. Among four doses,
1:4 w/v concentration garlic was found most effective to reduce incidence and severity of
leaf and fruit infection. The effect of allamanda extract was also promising against fungi

(Khan, 1999; Meah et al., 2002).
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Hernandez-Castro et al. (2005) conducted an experiment on the effect of neem extracts
on feeding behavior of Aphis nerii, as well as Papaya Ringspot Vimus (PRSV-p)
transmission, was determined. We evaluated papaya seedlings sprayed under laboratory
conditions with a 10% aqueous extract of unpeeled neem seed and with a water control.
Two time periods, exploratory (0 to 3 min) and feeding (>3 to 20 min), were used to
evaluate aphid feeding behavior. Aphid mortality was determined 24 h after spraying.
Viral transmission was measured by ELISA tests. No significant differences (p > 0.05)
were obtained in the exploratory feeding behavior. However, significantly more aphids
(p < 0.05) stopped feeding on neem-sprayed plants from the >3 to 20 min period. Also,
higher (p < 0.05) aphid mortality (37% vs. 10%) was found in neem-sprayed plants.
However, no significant differences (p > 0.05) were found in PRSV-p transmission, thus

indicating that neem seed aqueous extracts did not prevent viral transmission.

Bagwan (2001) stated that treatment of banana fruits with neem extract (Azadirachta
indica) for 5 minutes were most effective for controlling various post harvest disease of
banana. The use of crude plant extracts as an alternative to commercial fungicides in the
contro! of capsicum anthracnose as estimated by (Singh ef al., 1999) 5000ppm on
capsicum annum was compatible with the fungicide carbendazim (Bavistin ) at 1000
ppm.

Ashrafuzzaman and Khan (1992) studied the sclerotial formation and mycelia growth of
Rhizoctonia solani in vitro. They found no sclerotial formation using garlic extract
against abundant sclerotial formation in case of control. However, the effects of garlic

extract on postharvest disease reduction is scantly.
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Fakir and Khan (1992) reported that seed treatment with garlic bulb extracts at different
concentrations significantly reduced seed borne infection of Macrophomina phaseolina,
Colletotrichum corchori and Fusarium spp. in jute. Both concentration of garlic extract
and vitavax 200 were more or less equally effective in controlling Macrophomina
phaseolina reducing 90.9% and 87.9% seed borne infection respectively. More than 80%
control of seed borne infection of Fusarium spp. was achieved with 1:4 garlic extract.
Emeruwa (1982) reported that the ripe and unripe Carica papaya fruits (epicarp,
endocarp, seeds and leaves) were extracted separately and purified. All the plant extracts
except that of leaves produced very significant antibacterial activity on Staphylococcus
aureus, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa and Shigella
Mexneri. The MIC of the substance was smalil (0.2-0.3 mg/ml) for gram-positive bacteria
and large (1.5-4 mg/ml) for gram-negative bacteria. The substance was bactericidal and
showed properties of a protein. Other proteins previously found in C. papaya did not

show antibacterial activity.

Sing and Dwivedi (1987) observed that hyphal dry weight and sclerotic production of
Sclerotium rolfsii sace were significantly reduced by leaf extracts of neem. They
conducted an experiment to compare antifungal property of garlic clove juice with
recommended dose of fungicidal treatments against Fusarium wilt of watermelon. They
reported that garlic extract inhibited spore germination and mycelial growth of Fusarium

oxysporum f.sp. niveum in extent similarly to five different fungicides.
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2.3. Effect of plant extract on shelf life
Shelf life is the period of time which start from the time of harvesting and extend up to
the start of rotting of fruit (Mondal, 2000), and it is the basic quality of fruit as well as it

is the most important parameter in lose of reduction biochemical reaction of fruit.

Bose and Mitra (1996) stated that in tropical climate pineapple fruits could be stored for
i ,-. \ ‘ U 'ﬂ \ N
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Wijewardane and Guleria (2009) were investigated on the use of natural\ 1 i r;>f
the sources for crop protection. The fruits were analyzed for physicochemical and
physiological characters such as loss in weight, fruit firmness, total soluble solids (TSS)
content, titratable acidity (TA), pH, content of reducing sugars etc. The results revealed
that, the surface-coating of apple with 2% neem oil together with shrink-wrapped tray
packing provided better retention of storage life of fruit and the treatment effect on

physico-chemical characteristics of fruits were significant.

An experiment was conducted by Shakila and Anburani (2009) to know the effect
storage temperature (5, 10, 15, 25°C and at ambient temperature or control) on quality
and shelf life of papaya. It was observed that fruits subjected to storage temperatures of 5
and 10°C failed to ripen, while fruits stored at 15°C ripened normally. The fruits stored
at 25°C and at ambient temperatures ripened on 7" and 5™ day after storage respectively.
Assessment of quality parameters like TSS, reducing and non-reducing sugars, total
sugars and ascorbic acid revealed that fruits stored at 15°C and ripened thereafter

registered the highest values for all the quality parameters.
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Osuna-Garcia ef al. (2005) observed the effects of 1-methylcyclopropene (1-MCP; 1,100
and 200 ml/litre) on the shelf life and quality of papaya cv. Maradol, stored for 4 days at
room temperature, 4 days under refrigerated conditions and 6 more days at room
temperature. Alongside this, the effects of 200 ml 1- MCP/ litre on the shelf life and
quality of papaya compared to a control were determined. Under room and refrigerated
conditions, 1-MCP increased the shelf and quality life of papaya by inhibiting weight
losses, delaying the development of external and internal color and evolution of soluble
solids. The treatment also reduced the incidence of diseases and maintained fruit

firmness for a longer time,

Singh et al. (2003) also reported the effect of various plant extracts such as neem leaves,
castor oil and neem oil on citrus fruits and identified neem leaf extract as the best in

retaining most of the biochemical characteristics and shelf life.

The shelf life of fruits was maximum (19.33 days) at 13°C followed by zero energy cool
chamber (8.33 days) and the least was under ambient condition (8.67 days) compared to
control. Non significant variation was observed for total soluble solids (T'SS) of fruits
under all the 3 storage conditions. The acidity increased gradually up to the end of green
life and the decreased or remained the same until the end of yellow life. Reducing sugars
and total sugars increased gradually throughout the storage period and was maximum in
the control (Narayana et al., 2002).

Biochemical reaction known to continue in harvested fruit until ripened, this process
cannot be stopped. These biochemical reactions decreased free energy and increase the
randomness of the system (Salunkhe and Desai, 1984). Geetha and Thirumaran (2010)

concluded that the shelf life of the fruits increased under vacuum packing with room and
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refrigeration temperatures for one and four weeks, respectively. During storage moisture,
acidity, vitamin C and total sugar decreased whereas reducing sugar and total soluble

solids (TSS) increased

An experiment was conducted by Rahman et al. (1979) with pineapple fruits (cv. Giant
Kew) at BCSIR laboratory to study the changes in physiological and biochemical
characteristics in full-ripe fruits during storage and observed that the fruits retained their

shelf life for 12 days when stored under ambient temperature of between 30-32°C.

From the above reviews, it is clear that quite large volumes of works have been done in
different parts of the world. Different issues related to the physico-chemical changes,
shelf life extension, and diseases have been cited in the above. The similar reports are
scanty in Bangladesh. Very little information available in Bangladesh with the regards to
the use of plant extracts as a postharvest treatment on physico-chemical changes, shelf
life and diseases during storage and ripening. Hence, the present study attempts to
investigate the physico-chemical changes, shelf life and quality maintenance of papaya

using different promising postharvest treatments of plant extract.
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CHAPTER III
MATERIALS AND METHODS

The present experiment was conducted at the Germplasm Centre of the Agrotechnology
Discipline, Khulna University, Khuina during the period from April to May, 2013 to
study the shelf life and quality changes of papaya cv. BARI papaya-1 (Shahi) as
influenced by promising postharvest treatments of botanical extract. The detailed

methodology followed to conduct the experiment is described in the following.

3.1. Atmespheric conditions of storage room

The temperature and relative humidity of the storage room were recorded daily during
the study period with a digital thermo hygrometer (THERMO, TFA, Germany). The
minimum and maximum temperatures during the study period of the storage room were
24.0 to 33.5°C, respectively. The minimum and maximum relative humidities were 67

and 98%, respectively (Appendix I).

3.2. Experimental Materials

One variety of papaya, namely BARI Papaya 1 (Shahi) was selected as experimental
materials for this present study which was collected from Horticulture Centre of Jessore
district. Commercially mature hard fruits of papaya were harvested on 20 April, 2013.
Maturity of papaya was identified by external features i.e. when the latex of the fruits
became watery and the color of the fruit was pale green that indicated maturity of

papaya. A short description of one variety of papaya under the study is given below.

20



3.2.1. Shahi papaya

In 1992, BARI developed an improved variety of papaya from the line p-011 named ‘Shahi’
and recommended for commercial cultivation in Bangladesh. This is a dioecious variety and
the plant bears fruit low on the trunk. Three female flowers appear in one cluster with a
dense and alternate cyme type inflorescence in the leaf axil. The stem color is greenish and
the color of the leaves is bottle green with a light green petiole. The fruit shape is round to
ovate, large size, flattened base, not so prominent apex, smooth and glabrous, deep green in
mature stage but greenish yellow in ripe stage, peel thick sweet, medium juicy, crispy,
pleasant aroma, fibreless light orange pulp at pre-ripe stage but deep orange red in ripe,
more number of seeds, seed size medium and average fruit weight 2 kg (Roy, 2003).

3.3. Postharvest treatments (6)
a) Control (T})
b) Onion extract (T3)
¢) Neem extract (T3)
d) Gartic extract (T4)
¢) Bishkantali extract (Ts)

f) Datura extract (Tg)

3.4. Experimental design

Single factor (6 levels) experiment was laid out in a completely randomized design
(CRD) with three replications. The postharvest treatments were assigned randomly in each
replication. The fruits were carefully selected during the harvesting time. 10 (Ten) fruits
were in each replication. Thus, there was 6 x 3 x 10 = 180 papaya in this experiment.

Five of them were kept to record shelf-life, changes in weight, colour and other external
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fruit characteristics. The remaining five fruits were kept for recording the data on

different characteristics at differemnt dates.

3.5. Preparation and application of postharvest treatments

The postharvest treatments of plant extract used in the storage were sequentially assigned
to the collected fruits. After applying the treatments, fruits were kept on a brown paper
which was previously laid out in completely randomized design and placed on the
laboratory floor at ambient conditions. To ensure the application of different storage

treatments to the fruits of the variety, the following procedures were adopted.

3.5.1. Control (T})
Thirty fruits (ten fruits of each replication) were selected randomly from a tot of papaya
and the fruits were kept on brown paper of the laboratory floor at ambient condition

arranging at random by replication.

3.5.2. Onion extract (T2)
Randomly 30 fruits were separated from the experimental fruit lot. The seperated fruits
were then individually dipped in prepared onion extract and placed on the laboratory

table at ambient condition for observation.

Extract preparation: Initially stock of onion bulb extract (500 g onion bulb and 500 ml
‘water) was prepared by crushing the fresh bulbs in water using a blender through
straining and then cheesed. The stock extract was then used to prepare treatment
concentrations of 1:1 (500 ml stock : 500 ml water). The fruits were then dipped into the

treatment solutions for 5 minutes to ensure that enough quantity of extract being
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absorbed. The treated fruits were allowed to air dry for a pertod of 10 min and then kept

on brown paper for observation.

3.5.3. Neem extract (T3)
Thirty fruits were randomly seperated from the experimental fruit lot. The selected fruits
were then individually dipped in neem extract and placed on the table of the laboratory at

ambient condition for observation.

Extract preparation: Initially stock of neem extract (400 g leaves crushed with 400 ml
‘water) was prepared by crushing the fresh leaves in water using a blender through
straining and then cheesed. The stock extract was then used to prepare treatment
concentrations of 1:1 (400 ml stock : 400 ml water). The fruits were then dipped into the
treatment solutions for 5 minutes to ensure that enough quantity of extract being
absorbed. The treated fruits were allowed to air dry for a period of 10 min and then kept

on brown paper for observation (Mia, 2003).

3.5.4. Garlic extract (T4)
Randomly 30 fruits were separated from the experimental fruit lot. The selected fruits
were then individually dipped in prepared garlic extract and placed on the laboratory

table at ambient condition for observation.

Extract preparation: Initially stock garlic extract (400 g garlic cloves and 400 ml
water) was prepared by crushing the fresh cloves in water using a blender through
straining and then cheesed, The stock extract was then used to prepare treatment

concentrations of 1:1 (400 ml stock : 400 ml water). The fruits were then dipped into the
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treatment solutions for 5 minutes to ensure that enough quantity of extract being
absorbed. The treated fruits were allowed to air dry for a pertod of 10 min and then kept

on brown paper for observation.

3.5.5. Bishkantali extract (Ts)
Randomly 30 fruits were separated from the experimental fruit lot which were then
individually dipped in Bishkantali extract and placed on the table of the laboratory at

ambient condition for observation.

Extract preparation: The leaf of Bishkantali were used for this extract where it was
prepared by crushing the fresh leaves in water using a blender through straining and then
cheesed, After that the 1000 g leaf extract of Bishkantali crushed with 1000 ml water and
mixed properly using blender. The created Bishkantali stock extract was then used to
prepare treatment concentrations of 1:1 (1000 ml stock:1000 ml water) stock solation.
The fruits were then dipped into the treatment solutions for 5 minutes to ensure that
enough quantity of extract being absorbed. The treated fruits were allowed to air dry for

a period of 10 min and then kept on brown paper for observation (Mia, 2003).

3.5.6. Datura extract (Tg)
Randomly 30 fruits were separated from the experimental fruit lot which were then
individually dipped in datura extract and placed on the table of the laboratory at ambient

condition for observation.

Extract preparation: Initially stock of datura extract (250 g leaves and 250 ml water)

was prepared by crushing the fresh leaves in water using a blender through straining and
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then cheesed. The stock extract was then used to prepare treatment concentrations of 1:1
(250 mi stock ; 250 ml water). The fruits were then dipped into the treatment sotutions
for 5 minutes to ensure that enough quantity of extract being absorbed. The treated fruits
were allowed to air dry for a period of 10 min and then kept on brown paper for

observation (Mia, 2003).

3.6. Organoleptic evaluation
Organoleptic evaluation of fresh papaya pulp at full ripe stage during storage was made
by taste panel with a group of 15 male and female students of the university using a

questionnaire. The results have presented both in per centage and in acceptable scores.

3.7. Observation

During the entire storage period, the fruits, used for the experiment, were keenly
observed everyday but data was recorded on TSS as well as physico-chemical changes
during 3, 6, 9 days after storage (DAS) and ripe stage as influenced by different

treatments. But 16 days observation was needed for shelf tife.

3.8. Stages of physico-chemical analysis during storage
The period from storage and ripe or edible stage were divided into four stages viz 3, 6, 9
DAS and ripe stage or 12 DAS. Each stage being defined by different fruit characteristics

as foliows:

3.8.1. Three days after storage (TDAS)
Peel color of *Shahi’ was pale green and greenish yellow, consequently. The texture of

pulp was semi-hard.
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3.8.2. Six days after storage (SDAS)
Peel color of ‘Shahi’ was greenish yellow and light greenish yellow, consequently and

light greenish yellow respectively. The texture of pulp was slight soft.

3.8.3. Nine days after storage (NDAS)
Peel color of ‘Shahi’ was light greenish yellow and yellow, consequently. The texture of

pulp was somehow softer than 6 DAS.

3.8.4. Ripe stage

It is the stage when the fruits are reaching at the most advantageous edible stage. Peel

color of ‘Shahi’ was yellow. The texture of pulp was soft. Xy
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In this experiment the following parameters of papaya were studied.
I.  Colour changes
II. Total weight loss
III.  Per cent moisture content
IV.  Per cent dry matter
V.  Total soluble solids (T'SS) content of pulp (% Brix)
VI.  Pulp to peel ratio
VII.  Disease incidence (percentage of fruits infected)
VII. Disease severity (percentage of fruits skin infected)
IX.  Organoleptic Test

X.  Shelflife
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3.10. Methods of studying the parameters
External features of papaya like colour changes was recorded visually just after

harvesting to 12 DAS of the fruits.

3.10.1. Colour
The changes in colour of papaya were determined using a numerical rating viz. pale

green, greenish yellow, light greenish yellow and yellow at 3, 6, 9 and 12 DAS,

respectively.

3.11. Method of studying physico-chemical parameters

Fruits of papaya from each treatment were selected with three replications and four
stages of ripening during storage for physical and chemical analysis. Care was taken
while coltecting the fruits from the storage treatments, Chemical analysis was performed
mostly in the Horticulture and Plant Pathology Laboratory of the Agrotechnology
Discipline of Khulna University, Khulna. The physico-chemical Parameters were studied

through the methods adopted by Ranganna (1979).

3.11.1. Total Weight Loss
The fruits of each treatment were individually weighed by using electrical balance and

then kept for storage.

Calculation

Per cent total weight loss was calculated at the four stages by using the following

formula-
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IW-FW
Iw

Per cent weight loss (%oWL) = 100

where,
%WL = Per cent total weight loss
IW = Initial weight of fruits (g)

FW  =Final weight of fruits (g)

3.11.2. Moisture content (%)
Ten grams of fruit pulp was weighed by Triple Beam Balance and taken in a Petri-dish
from each treatment out of each replication. The Petri-dish placed in an electric oven at

65°C for 72 hours until the constant weight attained. It was then cooled and weighed

again.

Calculation

Per cent moisture content of papaya pulp was calculated using the following formula-

% 100

Moisture content (%) = Nﬁvm

where,
IW = Initial weight of pulp (2)
FW = Final weight of pulp (g)

3.11.3. Dry matter content (%)
Per cent dry matter content of papaya pulp was estimated from the data obtained during

moisture estimation using the following formula-

Per cent dry matter = (100 — per cent moisture content).
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3.11.4. Total Soluble Solids (% Brix)

TSS content of papaya pulp was estimated by using Abbe's Refractometer. A drop of
papaya juice squeezed from the fruit pulp on the prism of the Refractometer. Per cent
TSS was obtained from direct reading of the instrument. Temperature corrections were

made by using the methods described by Ranganna (1979).

3.12. Pulp to peel ratio

The fruits were placed at 4 days interval starting 4 days after storing. Pulp to peel ratio
was determined by separately weighing pulps and peels of fruits of each treatment and
each replication by using electrical balance. The pulp to peel ratio was measured with the

following formula-

Weight of fruit pulp
Weight of peel

Pulp to peel ratio =

3.13. Assessment of per cent disease incidence

The fruits were critically examined every day for the appearance of rot. The incidence of
fruit rot was recorded every 2* day. The first count was made at the 6™ day of storage. The
fruit rot of papaya was idenfified by the visual comparison with those of the symptoms
already published. The incidence of fruit rot was calculated as follows-

% Di - sidence — Number of infected fruits <100
© ISease Ineldence = T otal number of fruits under study
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3.14. Assessment of per cent disease severity

The percentage fruit skin disease was recorded five times starting at the 6 ™ day of
storage. All the infected fruits were selected to determine per cent fruit area infected. The
percentage fruit area diseased was measured based on eye estimation. The mean values
regarding infected fruit area were calculated, presented and discussed in result and

discussion chapter (Roy, 2003).

3.15. Isolation and identification of causal pathogens

Diseased samples from each infected fruits were collected and carried to the Plant
Pathology Laboratory of the Agrotechnology Discipline of Khulna University, Khulna.
for isolation and identification of the organisms. The collected samples were kept in the
refrigerator over night. The visible symptoms and signs on the diseased samples were
studied in detail. Diseased fruit samples with typical symptoms were selected and several
pieces from the diseased area of the fruit were cut in such a way so that each cut piece
possess diseased and healthy tissues. The cut pieces were then surface sterilized in 0.1
per cent HgCl, solution for three seconds. After disinfection, the materials were washed
thrice in sterile water. After wards, the pieces were placed in PDA (Potato Dextrose
Agar) plate. Five pieces were placed in each plate and were incubated at room
temperature for seven days to grow the pathogen. Seven days after inoculation, a
temporary or Semi permanent slide was prepared from the culture. Then the prepared
slides were observed under compound microscope for studying the pathogenic structures.
The pathogen was identified on the basis of its vegetative and reproductive structures

(Roy, 2003).
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3.16. Shelf life
Shelf life of papaya fruits as influenced by different storage treatments and variety was
calculated by counting the days required to ripe fully as to retaining optimum marketing

and eating qualities.

3.17. Statistical analysis

The collected data on various parameters were statistically analyzed using MSTAT
statistical package. The means for all the treatments were calculated and analysis of
variances (ANOVA) for all the parameters were performed by F-test. The significance of
difference between the pairs of means was compared by least significant difference

(LSD) test at the 1% and 5% levels of probability (Gomez and Gomez, 1984),
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CHAPTER IV
RESULTS AND DISCUSSION

The present study was carried out in the Germplasm Centre, Horticulture and Plant
Pathology Laboratory of the Agrotechnology Discipline of Khulna University, Khulna.
The experimental results due to the application of different postharvest treatments of
plant extract were observed which was presented and discussed in this chapter. The data
were recorded at 3, 6, 9 DAS and ripe stage on different characteristics of physical,
chemical and microbial properties and also shelf life of papaya. These results have been

presented in Tables and Figures, and interpretations were made.

4.1. Fruit characteristics of papaya

Various characters of papaya such as shape, size, base of fruits, apex, texture of pulp,
colour and thickness of peel were observed for Shahi after the harvest. Those
characteristics of the collected Shahi papayas were presented in Plate 1 where the shape,
size, base of fruits, apex, texture, colour and thickness in attendance. Shahi papayas
shape size was round to ovate; large and medium. In Shahi, the base of the fruits was
found flattened. Apex was not so prominent in Shahi. Peel in Shahi was smooth and

glabrous (Plate 1a to 1f).

Initially the peel colour was green after that it was changing to different colour at
different days after storage. Storage papaya were changing the colour from green to pale
green, greenish yellow, light greenish yellow and yellow at 3™, 6®, 9" and 12™ day of
storage (Table 1) among the all postharvest treatments. After 12 days of storage, it was

fully ripened and decreased the shelf life and pulp to peel ratio.

32



Plate 1a. Photograph showing differences in external appearance of papaya cv.
Shahi under different postharvest treatments at 1¥day of storage.
T= Control, T>= Onion extract, Tz= Neem extract, Ts= Garlic extract,Ts= Bishkantali

extract, Ts= Datura extract.
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Plate 1b. Photograph showing differences in external appearance of papaya cv.

Shahi under different postharvest treatments at 3" day of storage.

T,= Control, T>= Onion extract, Ts= Neem extract, T4= Garlic extract,Ts= Bishkantali

extract, Ts= Datura extract.
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Plate 1c. Photograph showing differences in external appearance of papaya cv.

Shahi under different postharvest treatments at 6" day of storage.

T= Control, T>= Onion extract, T3= Neem extract, T4= Garlic extract,Ts= Bishkantali

extract, T¢= Datura extract.
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Plate 1d. Photograph showing differences in external appearance of papaya cv.

Shahi under different postharvest treatments at 9™ day of storage.

T= Control, T>= Onion extract, Ts= Neem extract, T4= Garlic extract,Ts= Bishkantali

extract, T¢= Datura extract.
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Plate 1f. Photograph showing differences in external appearance of papaya cv.

Shahi under different postharvest treatments at 15™ day of storage.

T,= Control, T>= Onion extract, Ts= Neem extract, T;= Garlic extract,Ts= Bishkantali

extract, Ts= Datura extract.

At 15" day of storage, garlic treated fruit and bishkantali treated fruit showed dark
yellow peel color where other fruits which were treated with rest treatments were not in

satisfactory level.

Table 1. Effect of plant extracts on colour change of papaya

Postharvest Colour change

treatments 3 DAS 6 DAS 9 DAS 12 DAS
Control Pale Green | Greenish yellow | Light greenish yellow | Yellow
Onion extract Pale Green | Greenish yellow | Light greenish yellow | Yellow
Neem extract Pale Green | Greenish yellow | Light greenish yellow | Yellow
Garlic extract Pale Green | Greenish yellow | Light greenish yellow | Yellow
Bishkantali extract | Pale Green | Greenish yellow | Light greenish yellow | Yellow
Datura extract Pale Green | Greenish yellow | Light greenish yellow | Yellow
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The characteristics of edible portion such as sweetness, juiciness, texture of pulp, aroma

and fibreness were also observed at 3, 6, 9™ and 12 day of storage. The pulp of Shahi

papaya was sweet, medium juicy, crispy with pleasant aroma and fibreless also at 3, 6™,

9™ and 12" day of storage, respectively. But the pulp color was whitish at 3" DAS,

whitish orange at 6™ DAS, light orange at 9" DAS and deep orange red at 12" DAS

(Table 2).

Table 2. Organoleptic evaluation of Shahi papaya

Texture Pulp Color
Sweetness | Juiciness Aroma | Fibreness
of pulp 3DAS | 6 DAS | 9DAS | 12 DAS
Deep
Medium Whitish | Light
Sweet Crispy | Pleasant | Fibreless | Whitish orange-
Juicy Orange | orange
red

4.2, Physico-chemical changes of papaya during storage

Different changes of physico-chemical characteristics of papaya that observed in the

present study have been discussed and interpreted under the following sub-headings.

4.2.1. Pulp to peel ratio

The plant extracts used in the present study had marked influenced on pulp to

peel ratio of shahi papaya. The variations among the treatments means in terms of pulp

to peel ratio were significant at the different storage period (Appendix IV). Among

the plant extracts, garlic extract produced the maximum pulp to peel ratio (6.01) and the

minimum (4.67) was recorded in control treatment at 3 DAS. At 6 DAS, the maximum

pulp to peel ratio (5.88) was also obtained from the garlic treated fruit where the

minimum (4.43) was recorded in bishkantali treatment. On the other hand, pulp to peel
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ratio was the maximum (4.81 and 3.82) in garlic extract and the minimum (3.19 and
3.02) in control freatment at 9 and 12 days after storage, respectively (Table 3). Table 3
indicates that the pulp to peel ratio gradually decreased with the increasing storage

period in case of postharvest treatments of plant extract.

:‘{3 Table 3. Effect of plant extracts on pulp to peel ratio of papaya

27,

k- ip— 4ce, No— 220 1D

Pulp to peel ratio
Postharvest treatments
3 DAS 6 DAS 9 DAS 12 DAS

Control (Ty) 4.67 4.49 3.19 3.02
Onion extract (T5) 5.28 4.60 3.37 3.09
Neem extract (T5) 5.44 4.51 3.30 3.11
Garlic extract (Ts) 6.01 5.88 4.81 3.82
Bishkantali extract (Ts) 5.61 443 3.30 3.05
Datura extract (Te) 5.27 4.55 3.51 3.06
LSD.0s5 0.33 0.36 0.32 0.30
LSD.on) 0.47 0.50 0.45 0.42
Level of significant *E e rE w*

CV (%) 3.49 426 5.07 5.34

**= Significant at 1% level of probability.
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Uddin and Hossain (1993) carried out an experiment on the pineapple fruits (cv. Giant
Kew) in the field laboratory of BARI at Joydebpur, Gazipur. They found that pulp to
peel ration increased up to 15 days of storage after which it decreased slight],y;/;"; )?\;T}‘,'";,-(-\\
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4.2.2. Total weight loss of papaya g
The changes in weight loss are one of the important indicators for maintaining the
quality of fruits. The lessening in weight is predicfable to the physiological loss in weight
due to respiration and transpiration of water through peel tissue, and other organic
changes taking place in the fruit. Highly significant effects, on per cent weight loss of
papaya were observed due to the application of different postharvest treatments
(Appendix II). Significantly, the maximum (54.19%) weight loss occurred with the
control and the minimum (36.18%) weight loss occurred in the garlic treatment at 12
days after storage. The maximum (10.49%, 21.98% and 33.53%) weight loss was
recorded in datura treatment where the minimum was in garlic treatment (7.98%, 12.81%
and 22.56%) at 3, 6™ and 9™ days after storage, respectively (Table 4). Total weight
loss increased with the increasing of storage period and rate of weight loss was higher in
untreated fruits than treated fruits. The present result was somehow similar to Mia (2003)
and he reported that unperforated polythene bag and wax coated fruits showed minimum
weight loss during storage, whereas the untreated fruits exhibited maximum weight loss.
(Benjawan ef al., 1997) investigated that the weight loss was the lowest when papaya
fruits were treated with Benlate. Alam (2003) reported that Benzyl Adenine treated fruits
had the lowest weight loss (25.40%) at ripe stage, whereas the untreated fruits exhibited
maximum weight loss. The weight loss in papaya during ripening may be attributed to
substrate loss by respiration and loss of water through various mechanisms. The results

were similar to the findings of Pesis et al., (1992).
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Haque (1985) reported that the weight loss of bananas occurred due to the loss of water

from the fruits, microbial decay and storage environment like temperature and

humidity. High temperature enhanced weight loss but low temperature reduced weight

loss during ripening and storage. In an experiment, Mootoo (1991) observed that the rate

of fresh weight loss was the highest in untreated fruits. Polythene bag could be used to

reduce of the weight of stored papaya (Thompson and Lee, 1971). The fruits treated with

neem oil 10 per cent proved to be most effective with respect to lower physiological loss

in weight and higher firmness of fruits (Shindem et al., 2009).

Table 4. Effect of plant extracts on weight loss (%) of papaya

Weight loss (%)
Postharvest treatments
Initial (g) 3 DAS 6 DAS 9DAS | 12DAS

Control (T1) 0.80 9.11 19.76 30.93 54.19
Onion extract (T5) 0.77 9.05 17.23 28.65 4232
Neem extract (T3) 0.82 8.27 18.88 31.25 47.90
Garlic extract (T4) 0.79 7.98 12.81 22.56 36.18
Bishkantali extract (Ts) 1.25 10.15 18.92 25.19 38.69
Datura extract (T¢) 0.68 10.49 21.98 33.53 48.63
LSD.05) - 1.11 3.27 3.20 2.82
LSD.01) - 1.55 4.55 445 3.93
Level of significant - Ak * N o

CV (%) - 6.79 10.01 6.23 3.54

**= Significant at 1% level of probability.
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4.2.3. Moisture content

In general, the moisture content decreased with the increase in storage time under
different postharvest treatments. It was observed that the significant variations were
found in moisture content at all the days after storage due to different postharvest
treatments (Appendix V). Moisture content in the pulp of papaya was the highest
(85.33%) at 3 days after storage (DAS) due to the use of onion extract. On the other
hand, at 3 days after storage (DAS) the lowest moisture content (80.67%) was found in
bishkantali treated fruits. At 6 days after storage (DAS) the highest value of moisture
content was (82.67%) in neem treated fruit where the lowest (76.33%) was in bishkantali
treated fruits. In case of 9 and 12 days after storage (DAS) the highest moisture content
was (80.33% and 76.67%) in datura treated fruits and the lowest was (73.33% and

70.33%) in bishkantali treated fruits (Table 5).

Table 5. Effect of plant extracts on moisture content (%) of papaya

Postharvest treatments Motsture content (%)
3 DAS 6 DAS 9 DAS 12 DAS

Control (T;) 84.00 78.33 75.67 72.33
Onion extract (T7) 85.33 81.89 76.33 73.67
Neem extract (T3} 85.00 82.67 79.67 75.67
Garlic extract (T4) 81.67 80.33 75.67 72.66
Bishkantali extract (Ts) 80.67 76.33 73.33 70.33
Datura extract (Tg) 84.33 81.66 80.33 76.67
LSD.05) 2.33 2.74 3.08 2.71
LSDr 3.25 3.82 429 3.77
Level of significant k% **® ok *x
CV (%) 1.57 1.91 225 2.06

**= Significant at 1% level of probability.
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In case of moisture content datura played a vital role which was better than control,
somehow similar result as the present study was noted in (Yusof and Salleh, 1992). They
found that moisture loss and colour change were delayed when papaya fruits cv. Eksotica
were coated with polythene wax emulsion (1:2,1:4, or 1:6, wax: total volume of water)

and stored at 10°C.

The decrease in moisture content during storage was also reported by Pathmanaban et
al., (1995) observed that moisture loss was higher in untreated mature fruits during the
period of storage, whereas only minimum water loss was observed in fruits treated with

fused Ca salts.

4.2.4. Dry matter content
Dry matter content varied significantly due to the effect of different postharvest

treatments (Appendix VI). From the Table 6, it was observed that the per cent dry matter
content increased with the increase in storage duration. Bishkantali extract treated
fruits showed the highest {19.33, 23.67, 26.67 and 29.67%) dry matter content
throughout the whole storage period (3, 6, 9, 12 DAS, respectively). On the other
hand at 3 DAS onion treated fruits showed 14.67% , at 6 DAS neem treated fruits

showed 17.33%, at 9 and 12 DAS datura treated fruits showed 19.67% and 23.33% dry

matter content which were the lowest (Table 6).

Selvaraj and Pal (1982) studied with papaya cv. Thailand, and observed that dry matter
was increased considerably from the earliest stage of development until 140 days after
anthesis. The increase in dry matter per cent with increasing storage period may be due

to osmotic withdrawal of water from the pulp to peel.
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Table 6. Effect of plant extracts on dry matter content (%) of papaya

Dry matter content (%)
Postharvest treatments
3 DAS 6 DAS 9DAS 12 DAS

Control (Ty) 16.00 21.67 24.33 27.67
Onion extr’;lct (T2) 14.67 18.11 23.67 26.33
Neem extract (T3) 15.00 17.33 20.33 24,33
Garlic extract (T4) 18.33 19.67 24.33 27.34
Bishkantali extract (T's) 19.33 23.67 26.67 29.67
Datura extract (Te) 15.67 18.34 16.67 23.33
LSDp.05y 2.18 1.07 1.87 2.06
LSD¢.01 3.03 1.49 2.60 2.87
Level of significant il *¥ *k **
CV (%) 7.38 3.02 4,51 4.37

**= Significant at 1% level of probability.

4.2.5 Total soluble solid

The postharvest storage treatments used in the present study had marked influenced on
TSS of papaya pulp. The variations among the treatments means in terms of TSS
content were significant at the different storage period (Appendix III).The highest
TSS content (9.67% Brix) was observed in control where the lowest (8.57%) was noticed
in garlic extract treated fruits of Shahi papaya at 3 days after storage. Similarly, at 6
DAS, the higher and the lower TSS content was also observed in control fruits (10.43%)
and the fruits kept in garlic and onion extract (9.33%), respectively. The higher
(12.83%) and the lower (10.17%) TSS content was obtained in control fruits and the

fruits kept in garlic treatment, respectively at 9 DAS. On the other hand, at the 12 days
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Table 7. Effect of plant extracts on total soluble solid of papaya

TSS (%Brix)
Postharvest treatments
3 DAS 6 DAS 9 DAS 12 DAS

Control (T;) 9.67 10.43 12.83 14.27
Onion extract (T5) 8.63 9.73 10.53 12.83
Neem extract (T3) 8.63 9.33 11.33 11.93
Garlic extract (T4) 8.57 9.33 10.17 11.27
Bishkantali extract (Ts) 8.67 9.53 12.43 14.13
Datura extract (Ts) 8.63 9.47 10.53 11.53
LSDyo.05) 0.46 0.42 0.62 2.03
LSD.01) 0.63 0.58 0.86 2.83
Level of significant ¥ *% ** *
CV (%) 2.90 243 3.06 8.99

*+= Significant at 1% level of probability; * = Significant at 5% level of probability.

4.3. Postharvest diseases

Various postharvest diseases were identified during the storage. It increased with the
advancement of storage duration. During storage period some fungal diseases like
anthracnose, stem end rot and Rhizopus rot were recognized by observing the typical
symptoms of those diseases which were caused by Collefotrichum gloeosporioides,

Botryodiplodia theobromae and Rhizopus stolonifer, respectively.
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4.3.1. Symptoms of anthracnose of papaya during storage
Lesions first appear as small, circular hydrotic areas which increase in size as the fruit
ripens. They are depressed and frequently turn brown or black as they age. Sometimes,

pink spore masses appear in concentric rings on the dark lesions.

4.3.2. Symptoms of stem end rot of papaya during storage
The disease is recognized by the presence of water soaked lesions on contaminated areas
of the stem and fruits. In severe cases the whole parts of the fruit become rotten and

black in colour.

4.3.3. Identification and isolation of pathogens from infected fruits

Infected fruits were taken from the different postharvest treatments of plant extract and
were studied in the Laboratory of Plant Pathology, Agrotechnology Discipline, Khulna
University, Khulna for identifying the causal organisms. Semi-permanent slides were
prepared from the infected fruits. Most of the fruits were infected predominantly by

Colletotrichum gloeosporioides.

Plate 2. Different structures acervuli of Colletrotichum gloeosporioides.
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4.3.4. Morphological characters of colletotrichum gloeosporioides
Acervuli disc shaped or cushion shaped, waxy, sub-epidermal, typically with dark, spines or
setae at the edge or among the condiophores; conidiophores simple, elongate, conidia

hyaline, one celled, ovoid or oblong. Setae were black and needle shape. 84

4.3.5. Assessment of per cent Disease incidence &w} A
The postharvest treatments of plant extract showed highly significant effect on per cent
disease incidence at storage period of papaya (Appendix VII and Fig. 1). At 6 DAS, the
highest per cent disease incidence was identified in control fruits (60.00%) whereas a
few infection was found from garlic (T4), bishkantali (Ts), datura (Ts) extract treated
fruits (7.33%, 20.00%, 20.33%, respectively). The maximum 92.33% disease incidence
was observed at the 9™ day of storage in control treated fruits and at 10 DAS it became
100% disease infested whereas the minimum 39.33% infection was identified in

bishkantali extract at 9" day of storage and at 10 DAS it was 59.33% (Fig. 1).

It was found that the disease incidence was started at the 3rd day of storage where the
postharvest treatments of plant extract viz. control (T;), datura (T¢) showed the 100%
disease incidence at 10 day of storage. But the treatments with bishkantali and garlic

extract (59.33% and 60.33%) incidence was below the 80% at 10 DAS (Fig. 1).

Dantas et al., (2003). They reported that great diversity of diseases occurred in papaya
fruits, where incidences ranged from 39.71 to 90.07%, with the higher level for stem end
rot.

Shirshikar (2002) found that Onion (Allium sativum) has shown best fungicide activity
with its bulb extract totally inhibiting fungal growth and spore germination of

Colletotrichum gloeosporioides and Botryodiplodia theobromae. Leaf extract of Ocimum
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sanctum, Glyricidia maculate, Pongamia pinnata L. were also effective in reducing per
cent spore germination of B. theobromae whereas, leaf extract of Pongamia pinnata and

Catharanthus roseus were effective in reducing spore germination of Colletotrichum

gloeosporioides.
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Fig. 1. Effect of plant extracts on disease incidence at different days after storage

of papaya.
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Fig. 2: Effect of plant extracts on disease severity at different days after storage of

papaya.

4.4. Shelf life

Shelf life of BARI Papaya 1 cv. Shahi was significantly affected by different postharvest
treatments of plant extract (Appendix IX). The extension of shelf life of fruits has been
one of the most important concerns of the researchers. Results revealed that the longest
shelf life (15.95 days) of papaya fruits was from garlic extract which was followed by
the Bishkantali extract (14.90 days). The shortest shelf life of 8.67 days was observed
from the control fruits (Fig. 3). (13.00 days) and (12.82 days) also produced from both
postharvest treatments of datura and onion extract. Other postharvest treatment neem
extract showed (10.98 days) in shelf life.
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All the postharvest treatments of plant extract treated fruits of papaya var. Shahi showed
the following ranking order for shelf life viz. garlic (15.95 days) > bishl%antali (14.90 days)
> datura (13.00 days) > onion (12.82 days) > neem (10.98 days) > control (8.67 days). The
longest shelf life as obtained for garlic extract was possibly due to the reduced rate of

physico-chemical changes, reduced weight loss and minimal disease severity.

Borase ef al., (2004) conducted a study to evaluate the effects of ripen ingretardants on
the shelf life of papaya cv. Madhubindu fruits. He noticed that the fruits treated with
GAS3 had longer shelf life, less shrinkage and spoilage, lower percentage of weight loss,
higher percentage of marketable fruits and decreased rate of increase in total soluble

solids, acidity, ascorbic acid and sugar content.

Girdhay and Anurag Payasi, (2007) reported that the ripe banana fruits were subjected to
dip treatment for 4 h using chemicals, plant extracts or their combinations, and shelf life
of treated fruits stored at room temperature was monitored by assaying fruit firmness.
The treatment of fruit with 1% garlic clove extract or 10% onion bulb extract and
adjusting the pH to 4.5 extended the shelf life by 4-5 days when compared with
untreated fruit. Treatment with a combination of 1% garlic extract and 1 mm sodium
metabisulphite and adjusting the pH to 4.5 prolonged the shelf life of ripe banana to 13—
14 days when compared with 67 days for the untreated fruit. The treatment delayed the
fruit softening by diminishing the rate of starch and pectin degradation. The rate of
increase in b-amylase and polygalacturonase activities along with sofiness was also

retarded in treated fruits when compared with control fruits.
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Singh et al. (2003) also reported the effect of various plant extracts such as neem leaves,
castor oil and neem oil on citrus fruits and identified neem leaf extract as the best in

retaining most of the biochemical characteristics and shelf life.
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Fig. 3. Effect of plant extracts on shelf life at different days after storage of papaya.
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CHAPTERY
SUMMARY AND CONCLUSION

The experiment was conducted at the Germplasm Centre of the Discipline of
Agrotechnology, Khuina University, Khulna during the period from April to May, 2013, to
investigate the effect of different postharvest treatments of plant extract on fruit
characteristics, physico-chemical changes, disease incidence and severity and shelf life of
papaya fruits cv. Shahi. The experiment comprised of six plant extracts included control
viz., control (T;), onion (T5), neem (T3), garlic (T4), biskantali (Ts), datura (T¢) extracts. The
single-factor experiment was laid out in completely randomized design (CRD) with three
replications. Observations were made on external and internal fruit atiributes shelf life,
physico-chemical properties such as total weight loss, per cent moisture content, per cent dry
matter content, total soluble solid, pulp to peel ratio and disease incidence and disease
severity. The physico-chemical data were recorded at three days interval during storage. The

collected data were analyzed statistically.

Postharvest storage treatments of plant extract was significantly influenced on total weight
loss, per cent moisture content, per cent dry matter content, total soluble solid where, the
maximum (54.19%) weight loss occurred in the control treatment and the minimum
(36.18%) weight loss occurred in the garlic extract treatment at 12 days after storage. The
maximum (10.49%, 21.98% and 33.53%) weight loss was recorded from datura where the
minimum was from garlic (7.98%, 12.81% and 22.56%) at 3™, 6™ and 9% days after
storage, respectively. Moisture content in the pulp of papaya was the highest (85.33%) at 3
(DAS) due to the use of onion extract. On the other hand, at 3 (DAS) the lowest moisture

content (80.67%) was found in bishkantali extract treated fruits. At 6 (DAS) the highest
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value of moisture content was (82.67%) in neem treated fruit where the lowest (76.33%)
was in bishkantali treated fruits. In case of 9 and 12 (DAS) the highest moisture content
was (80.33% and 76.67%) in datura treated fruits and the lowest was (73.33% and
70.33%) in bishkantali treated fruits.It was observed that the per cent dry matter content
increased with the increase in storage duration. Bishkantali extract treated fruits showed the
highest (19.33, 23.67, 26.67 and 29.67%) dry matter content throughout the whole storage
period (3, 6, 9, 12 DAS respectively). On the other hand at 3 DAS onion treated fruits
showed 14.67% , at 6 DAS neem treated fruits showed 17.33%, at 9 and 12 DAS datura
treated fruits showed 19.67% and 23.33% dry matter content which were the lowest.The
higher TSS content (9.67% Brix) was recorded in control treated fruits where the lowest
(8.57%) was noticed in garlic extract treated fruits of Shahi papaya at 3 days after storage.
Similarly, at 6 DAS, the higher and the lower TSS content was also observed in control
fruits (10.43%) and the fruits kept in garlic and onion extract (9.33%), respectively. The
higher (12.83%) and the lower (10.17%) TSS content was obtained in control fruits
and the fruits kept in garlic treatment, respectively at 9 DAS. On the other hand, at the
12 days after storage, the highest (14.27%) TSS content was also observed in control
fruits and the lower (11.27%) in garlic extract. Among the postharvest treatments of
plant extract, garlic extract produced the maximum pulp to peel ratio (6.01) and the
minimum (4.67) was recorded in control treatment at 3 DAS. At 6 DAS, the maximum
pulp to peel ratio (5.88) was also obtained from the garlic treated fruit where the minimum
(4.43) was recorded in bishkantali treatment. On the other hand, pulp to peel ratio was the
maximum (4.81 and 3.82) in garlic extract and the minimum (3.19 and 3.02) was observed
in control treatment at 9 and 12 days after storage, respectively. The effect of different

postharvest treatments of plant extract under natural storage temperature on shelf life, fruit
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quality characters and disease incidence and severity was significant. The longest shelf life
{15.95 days) was recorded in fruits with garlic extract whereas minimum shelf life (8.67
days) was recorded in untreated fruits preceded by those of kept in neem (10.98 days),

onion (12.82 days), datura (13.00 days), and biskantali (14.90 days) respectively.

Considering the results of the present study, it can be concluded that botanical extracts
exert a positive effect on fruit quality characteristics, physico-chemical properties, disease
incidence, disease severity and shelf life of papaya. Among the various extracts, garlic
extract maintained quality characters moderately, reduced disease incidence and severity
and extended shelf life of papaya significantly. It seems that garlic extract may be

considered as an ideal one for postharvest storage of papaya.

Further studies required to carry out the possible effects of other promising botanical
extracts with series of concentrations on shelf life and quality of papaya fruits in
Bangladesh. Several low cost treatments such as hot water treatment, poly bag packaging,
leaf extract of papaya, combination of different plant extracts etc. can be applied for
longer shelf life of papaya. Even we can modify the time and duration of applying

botanical extracts to see the results before any final recommendation.
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APPENDICES

Appendix I, Daily average temperature and relative humidity during the storage

period from 21 April to 04 May, 2013

Day Room Temperature (°C) Average Relative Humidity (%) Average
, Maximum | Minimum Maximam | Minimum
21-04-13 29.5 254 275 98 83 82
22-04-13 314 26.1 28.7 94 73 87
23-04-13 327 258 29.3 93 70 86
24-04-13 33.0 272 30.1 95 70 84
25-04-13 335 27.0 30.3 95 72 88
26-04-13 32.0 274 29.7 95 84 971
27-04-13 29.0 26.2 27.6 97 88 94
28-04-13 33.2 25.7 29.5 92 67 81
29-04-13 31.0 270 29.0 95 79 88
30-04-13 29.5 26.2 27.9 95 83 91
01-05-13 30.1 26.0 28.0 98 87 95
02-05-13 29.2 26.0 27.6 98 86 94
03-05-13 30.0 24.0 27.0 98 93 96
04-05-13 28.0 24.0 26.0 97 90 9
02-05-13 30.0 24.6 273 97 78 90
03-05-13 27.5 25.0 26.3 97 92 94
04-05-13 29.8 24,7 273 95 79 89
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Appendix II. Analysis of variance (mean square) results for weight loss (%) of

papaya at different days after storage

Degrees Mean square of weight loss (%) at different DAS
Source of .
0
variation 3 DAS 6 DAS 9 DAS 12 DAS
freedom
Treatment 5 2.975%* 28.59%% 50,85%* 138.14%*
Error 12 0.388 3.34 3.19 2.49
Total 17

**= Significant at 1% level of probability.

Appendix II1. Analysis of variance (mean square) results for TSS (%Brix) of papaya

at different days after storage

Source of | Degrees of Mean square of TSS (%Brix) at different DAS

variation | freedom 3DAS 6 DAS 9 DAS 12 DAS
Treatment 5 0.544%* 0.521%* 3.658%* 5.11%
Error 12 0.065 0.055 0.120 1.29
Total 17

*h= Signifiqnt at 1% level of probability; * = Significant at 5% level of probability.
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Appendix IV. Analysis of variance (mean square) results for pulp to peel ratio of

papaya at different days after storage

and

Degrees Mean square of Pulp to peel ratio at different DAS
Source of "
0
variation 3 DAS 6 DAS 9 DAS 12 DAS
freedom
Treatment 5 0.593** 0.933%* 1.127%* 0.286**
Error 12 0.035 0.041 0.033 0.029
Total 17

**= Significant at 1% level of probability.

Appendix V. Analysis of variance (mean square) results for moisture content (%) of

papaya at different days after storage

Mean square of moisture content (%) at different DAS

Degrees
Source of egf
)
variation 3 DAS 6 DAS 9 DAS 12 DAS
freedom
Treatment 5 10.73%* 17.76%* 21.30** 16.13*%*
Error 12 1.70 2.35 2.97 2.29
Total 17
P

**= Sjonificant at 1% level of probability.
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Appendix V1. Analysis of variance (nean square) results for dry matter content (%)

of papaya at different days after storage

Degrees | Mean square of dry matter content (%) at different DAS
Source of c
o
variation 3 DAS 6 DAS 9 DAS 12 DAS
freedom
Treatment 5 10.73%** 17.760** 21.30%* 16.13**
Error 12 1.48 0.358 1.09 1.33
Total 17

u

*#*= Significant at 1% level of probability.

Appendix VII. Analysis of variance (mean square) results for disease incidence (%)

of papaya at different days after storage
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Degrees Mean square of disease incidence (%) at different DAS
Source of .
o
variation 3DAS 6 DAS 9 DAS 12 DAS
freedom
Treatment 5 453.390** 1071.14** 1232.02** 1039.63**
Error 12 0.628 143 3.85 9.79
Total 17

Y-

*%= Significa

é a: 1% level of probability.
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