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INTRODUCTION

Vegetables play an important role in human nutrition.
Vegetables and fruits are considered as protective foods which
supply tﬁe required vitamins and minerals. Vegetables are the
cheapest and richest sources of natural protective foods.

Besides -they also contribute carbohydrates, proteins, lipids

and the roughage.

India is the second largest producer of vegetables in
the world next to China (Majeed and Gowda, 1992). The range
of vegetable production in India is unique, consisting of
diverse kinds of vegetables produced from nearly 60 species.
They are eaten raw as well as in the cooked form. Vegetables
are harvested in the immature, mature or ripe stage depending
on the commodity. Most of the leaf and fruit vegetables are
higyhly perishable, while those like potatoes and onions have

fairly large storage life.

During recent years, the interest in vegetable
production has increased as a result of greater appreciation
of their food value. The commercial Gegetable grower is now
looking for the F, hybrid vegetable seeds which yields two to
three times ﬁthan the popular commercial variety. The

estimated area under vegetables in India at present is 4.0



million hectares with an annual production of about 45.0
million tonnes (Swarup, 1994). With the present production,
per capita consumption of vegétables per day in India is 125
to 135 grams. According to the Diet Advisory Committee of the
Indian Council of Medical Research, an adult requires 284
grams of vegetables a day. Thus the present vegetable
production enables to provide hardly one-half of the daily

requirement (Singh, 1991).

Out of the 45 million tonﬁes produced nearly 20 to 40
per cent goes as waste after harvest due to various factors
(Pandey, 1990) . Therefore increase in production and
productivity ‘along with reduction in postharvest losses must
be the strategy for increasing the availability of vegetables
in the country. Otherwise an increased production may result:
in a proportionate increase in postharvest losses owing to
various inadequacies at the postharvest levels. 1In the case
of vegetables, losses both in terms of quality and quantity-

can occur at all stages from harvesting to consumption.

Almost the entire quantity of vegetable production is
utilized by the fresh market. The processing industry
utilizes only 0.5 to 1.0 per éent. The inherent character of
vegetables make their storage life very short. Spoilage to
the extend of 20 to 40 per cent can occur due to mechanical

injuries, microbial infection and accelerated senescence.



Postharvest handling of vegetables has not fet
received the attention that it deserves. As a result, the
consumers are provided with vegetables often in a partly
damaged and unhygienic condition. 1In the marketing chain of
vegetables scientific postharvest handling technigues are
seldom employed. Many a times vegetables are harvested at the
wrong maturity stage, at the wrong time of the day and sent to
the wholesale or retail market without any grading, precooling
or packaging. The commodities are handled in a very careless
manner. The only‘packaging_usually used is a gunny bag which
is most unsuitable for a tender commodity like vegetables. So
there is anl urgent need to provide technologies for

postharvest handling of vegetables.

The present study was formulated to evaiuate the
ef fect of precooling, packaging and low temperature storage on
the shelf 1life and marketability of certain selected
vegetables. Besides the study was also intended to evaluate
the effect of portion packaging of vegetables 1like pumpkin,
ashgourd, snakegourd, elephant foot yam and oriental pickling

melon to suit the reqguirements of a small family.

By standardising suitable consumer packaging systems,
farmers as well as consumers will be benefited through
reduction of postharvest losses and ensuring better quality.

The value addition for packaging will be nullified by the



extra income on account of the additional quantity made
available for sale through the extended market 1life and
reduction of losses. The consumers are assured of quality of
vegetables in a hygienic form in the required guantity at a
reasonable price. Developing this type of scientific,
handling and packaging techniques will help to raise standard
of vegetable marketing and to promote commercial vegetable

cultivation.

In supermarkets in Kerala state a scientifically laid
out fruit and vegetable section is lacking at the moment.
This will be possible only if the packaging and storage
requirements of vegetables are standardised. It will also
open up a new area in employment generation. Thus the present

study has a lot of contemporary relevance.

The objectives of the study were:

1. To study the effect of precooling of vegetables on

postharvest loss reduction and storage life.

2. To study the effect of consumer packages on vegetables
with respect to their shelf life and acceptability under

ambient and low temperature storage conditions.

3. To assess the suitability of portion packaging of certain
large sized vegetables under ambient and low temperature

storage conditions.
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REVIEW OF LITERATURE

Fresh vegetables are highly perishable commodities.
The postharvest life of the harvested vegetable extent from
few hours to few days. Within this short span of time , about
20-40 per cent of the produce is spoiled due to inadequacies
in postharvest operations. Severél methods have been tried to
reduce these postharvest losses. Some of the methods include
giving suitable precooling treatments to the produce
immediately after the harvest, prepackaging the produce in
suitable packages and storage under low temperature
conditions. Most of the studies on these aspects were related
to vegetables grown 1in temperate conditions and hence
literature on storage of tropical vegetables is liﬁited. A
review -of literature on the related works done in dif ferent

places is presented here under in the following titles.

2.1 Effect of precooling treatments on postharvest 1loss

reduction in vegetables

2.2 Effect of packaging and low temperature storage on post-

harvest loss reduction and shelf 1ife of vegetables



2.1 Effect of precooling treatments on postharvest 1loss

reduction in vegetables

The beneficial effects of precooling in reducing
weight loss and retaining the quality and marketability of

vegetables and fruits have been reported by many workers.
2.1.1 Importance of precooling fresh vegetables

The beneficial effects of precooling horticultural
produce in retarding the rate of respiration and transpiration

was reported by Stewart and Couey (1963).

Precooling of vegetables prior to storage reduced the

weight loss (Verbeek, 1986) .
2.1.1.1 Amaranth and other leafy vegetables

In celery, hydrocooling was found to be the best among
various precooling methods, as it retained the turgidity of

the produce for longer period (Stewart and Barger, 1962).

sozzi and petronella (1981) reported that
hydrocooling of spinach prior to packing retained the

freshness during storage.

Kraker (1991) emphasized the need for lowering the
temperature of the spinach immediately after the harvest to

reduce the postharvest losses.



2.1.1.2 Brinjal

Ryall and Lipton (1979) gquestioned the usefulness of
hydrocooling in egg plants. They observgd that due to low
surface to volume ratio, the cooling process will be slow and
moreover  the risk of 'water-spotting' of the fruit due to

hydrocooling is high.

Mohammed and Sealy (1988) reported that the
melongenes subjected to hydrocooling were of excellent quality
even after eight days of storage at 28-30°C. A delay in the
appearance of chilling injury symptom was observed for the

hydrocooled samples even after 24 days at 5°C.
2.1.1.3 cChillies and bell peppers

Henry et al. (1980) studied the effect of certain
precooling and storage conditions on the quality of bell
peppers. Precooled green bell peppers were stored at three
humidity levels viz. 92 per cent, 94 per cent and 97 per cent
RH. It was observed that weight loss, shrivelling and surface

defects were affected by storage conditions but not by cooling

treatment.

Seymour et al. (1980) found that hydrocooling
capsicums before packing in plastic lined boxes increased

rotting and could not be used commercially.



Sherman et al. (1982) concluded that precooling of

bell peppers to 10°C soon after harvest delayed but did not

prevent softrot decay caused by Erwinia caratovora. Lingaiah

et al. (1983a) reported that non-precooled capsicums kept
better in polyethylene bags as compared to precooled ones kept
in the same bag. Hardenburg et al. (1986) found that
precooling of sweet peppers immediatély after the harvest

reduces the market losses.
2.1.1.4 Cowpea and other legumes

According to Stewart and Barger (1960) peas and sweet
corn subjected to precooling had better quality as compared to

those not subjected to precooling.

Zerbini et al. (1978) found that hydrocooling of snap
beans immediately after harvest reduced the weight 1loss and

were of satisfactory guality if stored at lower temperatures.
2.1.1.5 Cucurbitaceous crops

Pentzer et él; (1940) observed that musk meloné
harvested in the morning were precooled in much less time and
the quantity of ice used in precooling was less than that
required for melons harvested during the hottest part of the

days. Lipton and Stewart (1961) observed slight reduction in

weight loss in cantaloupes subjected to hydrocooling. However



no significant difference in market guality was observed

between hydrocooled cantaloupes and control samples.

Fellers and Pflug (1967) reported that hydrocooling is
essential for pickling cucumbers harvested during hot weather.
In musk melons immediate cooling of the produce after harvest

maintained the quality over a week (Vaulx and Aubert, 1976).
2.1.1.6 Okra

Woodroof and Shelor (1958) reported high incidence of

water spotting in okra subjected to hydrocooling.

Fontenot et al. (1987) studied the effect of
hydrocooling in. okra pods. Pods were subjected to
hydrocooliny immediately after harvest. It was observed thét
the guality of hydrocooled pods were inferior to that of non

hydrocooled pods.

2.1.1.7 Tomato

In tomatoes precooling followed by refrigerated
storage helps in better retention of moisture and ascorbic
acid, 1less wastage and more uniform development of colour

(srivastava et al., 1962).

Marcellin and Baccaunaud (1979) found significant

reduction in the incidence of internal browning in tomatces
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subjected to precooling. They also observed that precooling

had no significant influence on ripening quality in tomatoes.

Lingaiah et al. (1983b) observed that precooling has

no beneficial effect on the shelf life of tomatoes packed in

polyethylene bags held at ambient temperature.
2.1.1.8 Other crops

In asparagus and cauliflower precooling the produce
after harvest significantly reduced the weight loss during
subsequent storage (Stewart and Barger, 1961). Stewart aﬁd
Barger (1963) studied the effect of various precooling methods
on the quality and storage life of brussels sprouts. Sprouts
subjected to hydrocooling had the lowest weight 1loss and
wilting percentage and were rated highest in salability. High
incidence of decay was observed in sprouts subjected to

topicing method.

Lentz and van den Berg (1977) observed that in carrot
both precooling rate and teﬁperature gradient are important
for the 1long term storage because of its sensitivity to
temperatures above the optimum. Adamicki (1979) studied the
effect of water cooling on the storability and commercial
quality of asparagus and reported that,cooling significantly

reduced the losses and qﬁality‘reduction during storage. It
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was also observed that the duration of cooling after harvest

had no appreciable effect on guality.

Precooling asparagus before storage reduced the rate

of deﬁerioration during storage period (Lill, 1980}.

According to Damen (1980) cooling cauliflowers prior
to storage reduced weight 1loss and incidence of black
discolouration of the head. Precooling of brussels sprouts
prior to packaging not only ekﬁenéed the shelf life but also
reduced the Qeight loss (Harrison et al., 1984). Sozzi and
" Retino (1985) observed high quality retention in cauliflower.

subjected to precooling.

Hackert et al. (1987) observed no significant
differerice among precooling treatments on weight 1loss in
broccoli. Gariepy et al. (1991) studied the effect of forced
air precooling and hydrocooling on the storability of green
asparagus spears. .It was observed that précooling the spears
prior to storage reduced the losses by more than 20 per. cent.
However no significant differences.was observed between two
methods. Precooling of carrots prior to packaging did not

have any beneficial effect on the shelf life (Lingaiah and

Huddar, 1991).

Tan et al. (1992) observed high incidence of microbial

rotting on topiced broccoli which was held in sealed
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polyethylene bags. The reason attributed to this is the
presence of free water in the package after the melting of the
ice. The spread of cottony soft rot in stored carrots could
be controlled most effectively by precooling the produce

immediately after the harvest (Pritchard et al., 1992).

2.2 Effect of packaging and low temperature storage on

postharvest loss reduction and shelf life of vegetables
!

The beneficial effects of packaging in reducing
postharvest 1loss and retaining the quality and marketability
of various horticultural pProduces have been reported by

several workers.

‘ . _
2.2.1 Role of polymgric films in Packaging of horticultural

produce

The importance of packaging of fruits and vegetables
in enhancing the shelf life was reported from USA by (Scott
and Tewfik, 1947). Hardenburg (1949) reported that
prepackaging vegetables in transparent polymeric films were
effective for lengthening shelf life and reducing moisture
loss.” Hardenburg (1954) observed.that though the produce
maintained good appearance in non ventilated than in
ventilated film packages, the development of off odour and off

flavour are faster in non ventilated ones.
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Roy (1966) reported higher shelf life for prepackaged
fruits and vegetables both at room temperature and
refrigérated conditions. He has attributed this to the
slowing down of the physiological processes like respiration,
transpiration and biochemical changes that is taking place 1in
the produce after the harvést. - The advantages and
disadvantages of prepackaging fresh fruit and végetables in

plastic films was réported by Tomkins (1967).

Hardenburg (1971) observed that packaging the produce
with protective films creates a high relative humidity within
the package and makes the relative humidity of the storage
room less critical aé a factor determining moisture loss from
the fruit or vegetable. Hall (1973) studied the permeability
properties of plastic packaging materials. Plastic packages
for respiring‘ product must provide movement of gases in
appropriate.quantities and direction i.e. 02 into the package
environment:from the outside atmosphere, CO2 from the package
environment to the outside atmosphere, but with sufficient
moiéture retained in.the package to prevent excessive loss 6f

moisture from the produce.

Kumar et al. {(1976) evaluated some flexible packaging
materials  used in food packaging for their physicCo-chemical

properties such as water vapour transmission rate (WVTR),
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tensile and bursting strengths, tearing resistance and

elongation.

According to Harvey (1978} proper packaging of a
productf can reduce not only browning and crushing but also
reduce the moisture 1loss, prevent recontamination of the
produce with spoilage organisms, reduce pilferage, maintain a

sanitary environment during marketing.

Salunkhe and Desai (1984) reported the usefulness of
packaging vegetables in reducing postharvest 1loss retaining
the quality and enhancing the storage life of the vegetables.y
Ben-Yehoshua {(1985) reported the beneficial effects of
individuél seal packaging of fruits and vegetables. The
beneficial effects attributed are extended shelf life, reduced
shrinkége, weight loss, occurrence of various blemishes and
refrigeration costs. Peleg (1985) reported some typical
properties of most popular plastic films for retail producé

packaging.

Maaker (1986) studied the effect of perforations in
polymeric films on weight loss in vegetables. It was observed
that perforations had a direct influence on weight loss. 'The
biochemical and physiological basis for the effects of
controlled and modified atmospheres on fruits and vegetables

was reported by Kader (1986) . Zagory and Kader (1988)
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reported the beneficial .effects of modified atmosphere

packaging of fresh produce.

Wwills et al. (1989) reported that packaging not only
provides convenient units for marketing and distribution but
also protects the fruits and vegetables from wundue damage

thereby reducing the postharvest losses.

Risse (1989) .observed that film wrapping of vegetables
retarded the weight loss, colour development, chilling 'injury
and maintained the firmness and internal quality, some of the
disadvantages reported are enhancement of decay and

development of off-flavours.

Khan et al. (1990) reported that polyethylene bags
could be advantageously used for consumer packaging of fruits
as they are fully transparent, convenient to handle during
storage andAmarketing and retain the produce in good condition
for a considerable 1long period. It was observed that
packaging of fruits in polyethylene bags reduced the weight
loss and the percentage of fruits ripened. adak (1990)
reported the usefulness of low density polyethyleﬁe ({LDPE) as
an effective packaging material forlfrésh produce. Usefulness
of polypropylene films in packaging of fresh produce was

reported by Chowdhary (1990).
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Rao (1993) reported that the shelf life of vegetables
could be greatly enhanced if packaging is combined with low
temperature storage. Roy and Pal (1993) reported that use of
plastics in packaging of horticultural produce helps . in
minimizing the cost of packaging materials and makes the whole
process less depehdent on scarce materials like wood thereby

resulting in conservation of environment.

2.2.1.1 BAmaranth and other 1eafy?vegetables

Parsons (1960) reported that celery packaged in
polyethylene bags had lower weight loss and better appearance
as compared to celery stored in other polybags. He has
attributed this to the better'permeability of éhe polyethylene
film to Co,, O, and moisture. Stewart and Barger (1962)
observed very little deterioration even after 8 days in celery
pre packaged with ventilated polyethylene bags stored at 34°F.
Aharoni and Ben-Yehoshua (1973) observed lower incidence of
yellowing and decay in Romaine lettuce prepackaged in. closed
polyethylene bags., The efficacy of PE bags in delaying

deterioration was related to reduction of 02 and accumulation

of co, in the ambient atmosphere in the package.

Basak . (1980) observed a higher shelf life for
amaranth, bittergourd, longmelon packaged in perforated

polyethylene bags, compared to non-perforated bags, both under
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refrigerated and non-refrigerated conditions. Risse (1981)
observed that the losses due to decay in lettuce could be
reduced greatly if harvested and packed carefully and held at

temperatures ranging from 0-2°C.

Midon and Lam (1982) observed that lettuces stored in
polyethylene bags with perforations ranging from 0.50 to 0.75
per cent and at temperatures of 5°C, 10°C and 15°C retained
the guality even éfter 21 days, 14 days and 7 dafs
respectively. Maaker (1984) studied the effect of individual
packaging on shelf life quality in iceberg lettuces, broccoli
and cauliflowers. With all the packed vegetables, weight loss
was reduced and quality was better after several days both at

room temperature as well as low temperature.

Zavgorodnyaya et al. (1985) studied the effect of
polymeric film packaging on storage of parsley and celery.
Untrimmed parsley and celery plants were packaged in
polyethylene films, sealed and stored for < 120 days at 0-2°C
and 85-93 per cent RH. The plastic bags extended the storage
life of parsley ta 2.5-3.0 months and of celery to 2.0-2.5
months. It was also reported that storage of these vegetables

in small bags facilitated the sale of the produce all the year

around.
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Kim (1985) found that spinach 1leaves in packages
reméined acceptable for 3 days at 20°C when compared to leaves
kept without packaging. It was also observed that weight loss
in prepackaged spinach was closely relatéd to temperature and

packaging conditions.

Lazan et al. (1987) observed that wrapping leaves of

Amaranthus caudatus in LDPE film retained the turgidity for

longer periods both at ambient and 1low temperatures. The
unwrapped leaves lost water more rapidly under both the

situations.

Ballantyne et al. (1988) reported a shelf life of 14
days, almost double that of the controls, for shredded lettuce

held in polyethylene films at 5°C.

Stanley (1989) stres$ed the importance of quality of
lettuces prior to packaging. For best results high quality

lettuces are to be packaged.

Chikkasubbana et al. (1991) reported that prepackaging
of Ilettuce heads in sealed and perforated polyéthylene bags
reduced physiological 1loss in wéight "(PLW), ascorbic acid

content and extended the storage life.

Bittenbender (1992) studied the effect of packaging on

shelf 1life of cowpea as a leafy vegetable. It was observed
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that irrespective of storage temperatures (15-30°C) and
package ventilation the leaves packaged in 2 mil polyethylene {/
bag retained moisture content similar to that of freshly

harvested leaves.

Bracy et al. (1992) determined the effect of packagiﬁg
and storage temperature on postharvest life and ' quality of
mustard leaf. Packaging mustarﬁ leaves in perforated bags
significantly reduced weight 1loss and had a high keeping
guality even after 12 days at either 1°C or 4°C. The non-
bagged mustard leaves were unacceptable after 5 days. It was
also observed that bagging significantly increased the
incidence of decay and yellow discolouration when stored at

15°C.
2.2.1.2 Brinjal

Viraktamath et al. (1963) reported a shelf 1life of
3-10 days and 30-32 days for brinjal prepackaged in ventilated
200 gauge .PE and stored at 24-26°C, 72-75 per cent RH and
3-10°C, 85-90 per cent RH respectively. It was also observed
that fruits prepackaged in ventilated bags had higher consumer
acceptability as . compared to | fruits prepackaged in
inventilated polybags. The keeping quality of brinjal fruits.

in perforated bags was higher than in ‘open boxes (Uncini
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Abe et al. (1980) observed that in brinjal smaller

fruits deteriorated more rapidly than the larger one's stored

in polyethylene bags.

Risse and Miller (1983) compared the wrapping of
eggplant fruits in ventilated and non-ventilated polymeric
films. Wrapping in non-ventilated films reduced the weight

loss, maintained the firmness but sianificantlu in~reased the

decay.

Seal packaging of melongenes in polyethylene film
appears to be useful and beneficial supplement to
refrigeration for delaying deterioration and thereby enhancing

the marketable life (Mohammed and Sealy, 1986).

Badgujar et al., (1987) reported that packing of
brinjal fruits in 200 gauge polyethylene bags with 1 per cent

vent prolonged the shelf life compared with unpacked fruit.

Esteban gg al. (1989) studied the physical alterations
in egg plant fruits placed in trays éovered with perforated
plastic sheet, during Storage at different temperatures.
Results obtained that preservation of these fruits during 18
days at 10°C produced less variation in their physical
characteristics compared with the other conditions studied

(5° and 20°C).
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Gadakh et al. (1990) observed maximum weight loss in
unpacked brinjal (23-53%) when compared to brinjal held in 200
gauge polyethylene bags with 1 per cent ventilation at ambient

storage (29.6°C and 69.6% RH).
2.2.1.3 Chillies and bell peppers

Anandaswamy et al. (1959) obserﬁed that the shelf life
of sweet peppers and green chilliés could be greatly enhanced
both under normal and low temperatufe storage by prepackaging
the produce in 150 gauge polyethylene film with adeguate

ventilation.

Prepackaging green bell peppers in polyethylene film
supplemented with low temperature sStorage not only reduced
moisture loss but also retarded the colour development of the

produce (Bussel and Kenigsberger, 1975).

Uncini et al. (1977b) found that the weight loss,
shrivelling and disease incidence in hot peppers could be
greatly reduced by keeping it in polyethylene bags and storing

at 8-9¢<C.

Mikhailov (1979) compared the shelf life of various
pepper varieties stored- in wooden boxes and polyethylene bags

and showed that the peppers stored in wooden boxes had the
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greater weight loss, but losses due to moulds were greater in

those stored in polyethylene haas.

Hughes et al. (1981) observed significant increase in
shelf life for capsicums wrapped in polymeric films and stored

at 8.8 + 0.2°C and 86 *+ 4 per cent RH.

Individual seal packaging in high density polyethylene
(HDPE) film prolonged the storage life of bell peppers (Ben-
Yehoshua et El;' 1983). It markeély inhibited weight loss,
delayed softeniﬁg and membrane disintegration. These effects

were related to the water saturated atmosphere in the sealed

enclosure around the fruit.

Miller et al. (1986) found that the rate of weight
loss were 0.06 per cent for capsicums wrapped in plastic film
and for nonwrapped fruits it was 0.74 per cent per week. Both
wrapped and nonwrapped fruits were stored at 15.5°C. Wrapping
significantly reduced the rate of fruit softening during
storage. The rate of yellow or red colour development were
not significantly 'reduced. Wrapping of bell peppers,
broccoli, cucumbers, aubergines, lettuces, sweetpotatoces and
tomatoes in polymeric films reduced moisture loss, softening
were retarded and the characteristic freshness and colour were
maintained during extended periods of storage and marketing

{Miller and Risse, 1988).
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Brackett (1990) studied the influence of modified
atmosphere packaging on the microflora on guality of fresh
bell peppers. High population of microflora was observéd in
shrink wrapped bell peppers. The shrink wrapped bell peppers
remaiqed unspoiled for about 6 weeks as compared to 3 weeks in

the control.

High incidence pf decay due to Erwinia carotovora was

reported in hot pepper (Capsicum frutescens L.) fruits packed

in LDPE film. It was also observed that hot peppers
prepackaged in paper bags had lower shelf life compared to
fruits in LDPE bags. This was attributed to the delay in
fungal decay which started 4 days later for fruits in LDPE

bags (Mohammed, 1990).

2.2.1.4 Cowpea and other legumes

Prepackaged snap beans in polyethylene bags with 1.2
per cent ventilation had a shelf life of 7 days and 16 days
_held at 75-80°F, 50-75 per cent R.H and 47-50°F, 80-95 per
cent RH respectiveiy (Anandaswamy and  lyengar, 1961).
Increased weight loss was reported in snap beans stored in

perforated polybags (Buescher and Adams, 1979).

Matsui et al. (1980) studied the effect of temperature
and packaging on weight loss and marketing gquality in

soybeans. Green immature soybeans for vegetable use were
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palilov et al. (1979) reported that the weight loss in
cucumbers packaged in secaled polyethylene £ilm were

insignificant when compared to fruits kept in open condition.

Atwa et al. (1980) studied the effect of some
packaging methods and storage conditions on cucumber fruits.
Cucumbers were either packaged in perforated polyethylene bags
or left unpackaged ‘for storage under ambient (31 + 2°C, 65%
RH) or refrigerated (7°C, 85% Rﬁ) condition. Though both
packaging and refrigeration reduced the weight 1loss, the
incidence of decay was high in packaged fruits, especially

under ambient conditions.

Elkashif et al. (1983) reported that cucumber and
broccoli stored in perforated polyethylene film at low
temperature maintained their freshness and firmness for longer
periods. It was also observed that film thickness had no
effect on weight loss, but significantly.affected Co, and O

2
concentration within the package.

Wrapping of cucumbers in polymeric film significantly
reduced the weight loss. It was also observed that 60 per

cent of the decay in all fruits was due to bacterial soft rot

(Risse et al., 1985a).

Adamicki (1985) studied the effect of storage

temperatures and wrapping on keeping guality of cucumber
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fruits. Fruits were wrapped in plastic film and held at 5,
12.5 or 15°C. A siynificant decrease in weight loss of fruits
wraﬁped in plastic film, compared with non-wrapped fruits was
observed under all conditions. Weight loss in fruits wrapped
in plastic film did not exceed even 0.5 per cent after 9 days
of storage whereas without wrapping weight loss increased to
6.248.4 per cent. Wrapping extended the fruit life by over
2 days. The incidence of chilling injury and surface break

down was observed only in nonwrapped fruits held at 5°C.

According to Lester and Burton (1986) wrapping musk
melon fruits in polymeric films exhibited no significant
change in percentage dry weight, firmness or loss of membrane
integrity throughout 40 - days of Storage. Though wrapped
fruits had a decline in appearanée rating the fruits were

generally rated as excellent to good quality.

Cucumber Cv. Corona were shrink wrapped in perforated
polyethylene and kept at 13°C and 80-85 per cent RH. Weight
loss with wrapped cucumbers was only 1.3 per cent after 19
dayé, whereas unwrapped fruits were soft after 12-15 days,
with weight loss amounting to 4.5*6.3 per cent. The rate of
colour 1loss in fruits wrapped in perforated polyethylene was
similar to that in unwrapped fruits (Otma, 1988). Rij and

R055w(1988) reported that the quality of honeydew meloms could

be maintained for longer periods by individually wrapping the



honeydew melons with a PVC film. It was attributed to the
alteration of the internal atmosphere by elevating CO2 and
reducing 0, levels which resulted in slowing down the process
of gipening, reduced the danger of development of chilling

injury and retained the desired turgidity.

Rock melon and honeydew melon were shrink wrapped and
storéd at 6° and 3°C. The rock melons stored at 6° and 3°C
kept for 22 and 29 da&s respéctivgly. Honeydew melons stored
at 6°C kept well for 28 days but those stored at 3° showed

chilling damage after 12 days (Salvestrin and Jones, 1988).

Collins et al. (1990) observed that shrink wrapping of
musk melons in polyethylene film enhanced undesirable flavour

chanqes resulting in an inferior gquality produce.

. Venkatesha et al. (1993) found that coccinia packed in
different gauge of polyethylene bags with different levels of
ventilation showed 1least physiological 1loss in weight,

retained more firmness as compared to the control.

2.2.1.6 Okra

Anandaswamy et al. (1963) conducted prepackaging
studies in okra and reported that prepackaging okra in
unventilated 100 gauge polyethylene enhanced the shelf life to

7-8 days and 16-18 days respectively under room temperature

{
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(24-26°C and 72-75% RH) and cold storage (11-13°C and 85-90%

RH) conditions.

Singh and Dhankhar (1980) viewed that packaging of
okra 1in polyethylene bags delayed the blackening of fruit by
8-9;days at room temperature (32 + 2°C) and 12 days at chilled

temperature (10 # 1°C) when compared to 2-3 days in control.

Singh et al. (1980) studied the effect of prepackaging
on storage life of fresh okra. Tﬁe storage life of okra could
be increased to 9 days at room temperature (32 + 2°C) when
packed in 400 gauge polyethylene bags whereas the control

fruits kept for only 2-3 days.

Séimbhi and Randhawa (1983) reported that perforated
polyethylene bags of 400 or 200 gauge thickness were better
than unperforated baygs for prepackaging of okra fruits as it
enhanced the shelf life upto 10 days at 42°C and 77.5 per cent

RH.

Joshi et al. (1984) reported a shelf life of 7 and 15
days for okra cultiv;r 'Pusa Sawani' packed in perforated and
nonperforated polyethylene packs held at 16 to 30°C and 44-100
per cent RH compared to two days in control. Tamura and
Minamide (1984) repofted that okra's kept best at 12°C in a

perforated plastic bags when compared to nonperforated bags.

Use of polythene bags in conjunction with low temperature



29

storage {(4.4°C) reduced weight 1loss and prevented colour
changes without causing chilling injury in okra (Fontenot,
‘ T

t al., 1987).

Kalra et al. (1988) reported that okra could be stored
upto 6 days and 15 days respectively in 200 gauge
polypropylene " bags held at room temperature (26-34°C, RH

65-90%) and refrigerated (8-10°C, RH 85-90%) conditions.
2.2.1.7 Tomato

Ben-Yehoshua et al. (1979) studied the effect of seal
packaging on tomato in LDPE film. The packaging induced the
following effects. The storage 1life of the fruits was
doubled, maintained its fresh appearance and normal flavour
for a much longer period. Shrinkage was practically nil,
weight loss was reduced by five fold, c¢hilling injury was

markedly inhibited.

Risch and Watson (1980) observed a linearity in weight
loss with time for tomatoes wrapped in PVC film after two days
of storage and correlated well with temperature and humidity

of the storage atmosphere.

Hobson (1981) reported that the modified atmosphere
- developed within the package extended the ripening time,

improved firmness and maintained the quality in tomatoes.
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According to Geeson and Browne (1983) tomato fruits
kept in ventilated packs ripened more faster when compared to
those fruits kept in non-ventilated packs. Rotting was
obse;ved in certain packs which was associated with low 0, or
high Co, concentration and high relative humidity. It was
also observed that ripening could be further delayed by

keeping tomatoes in low temperature.

1

anderson and Poapst (1983) studied- the effect of
culti?ar and modified atmosphere on ripéning and decay of
mature green tomatoes. Mature green fruit of tomato were
stored at 13°C in air or in a modifiecd atmosphere Formad by
sealing the fruits in a LDPE bag. Modified atmosphere fruit
ripened more slowly and decayed less than those in air. It

was also observed that the marketing period could be extended

by modified atmosphere storage.

In another study tomato fruits held at 10-12°C and
87-89 per cent relative humidity in polyethylene bags enhanced
the storage life and maintained the. quality compared to ‘those
fruits kept at 24—25;C and 75-77 per cent RH (Collazos et al.,

1984) .

Risse et al. (1985b) observed that mature green

tomatoes wrapped in heat shrinkable plastic films retained the
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firmness for longer periods. Decay development observed to be

similar for both nonwrapped and wrapped tomatoes.

Polymeric films with less than 2 per cent perforations
drastically reduced the weight loss and tissue softening
resulting in tomatoes of good eating guality and bright red

colour (Floros et al., 1987).

Hall (1989) observed 3> per cent decay in packed
tomatoes after 3 weeks of storage in ambient conditions.
Tomato, capsicum and aubergines harvested at fully ripe stage
were wrapped in different plastic films and stored at 5°C and
10°C (Mencarelli et al., 1989). Aubergine fruits maintained
good guality when wrapped in perforated or non-perforated
plastic film regardless of the storage temperature. Capsicum

and tomato fruits remained attractive when stored at 5°cC.

According to Casas et al. (1990) tomatoes packaged in.
celiophane film and held at 25°C and 85-90 per cent RH had a
shelf life of 35 days whereas spinach packed in LDPE and held

at 0 or 2°C and 85-90 per cent RH had a shelf life of 26 days.

Marangoni and Stanley (1991) reported a storage life
of 10~30 days for field grown mature green tomatoes Stored at
12°C in modified atmosphefe. A study was carried out by
Nakhasi et al. (1991} to - investigate potential benefits of

modified atmospheric packaging (MAP) on shelf life of tomatoes
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at’ breaker stage. It was reported that storage life could be
substantially increased by MAP without much reduction in

weight.

The shelf life of tomatoes could be increased by four
tiﬁes, compared with control by packaging the breaker stage
tomatoes in 300 gauge polyethylene bags with 3 vents ?%aik

et al., 1993; %ayanthi et al., 1993).
2.2.1.8 Other crops

Carrots prepackaged in perforated bags had a longer
shelf life than unpackaged bunched carrots (Hardenburg et al.,

1953}.

Hardenburg (1955) studied the effect of perforations
on the storability of onions within packagé and observed that
about 71 per cent of the onion rooted in bags without
ventilation whereas only 4 per cent rooting was observed inl
onions stored in ventilated bags. Parsons (1959) studied the
effect of'perforated and non perforated polyethylene films on
quality of cabbage stored at 32°, 38° and 45°F, It was
observed that cabbage stored in perforated polyethylene bags
had higher acceptability after éight weeks of storage.
Moreover no significant difference was observed between losses

occurring at 32°, 38° and 45°F. Stewart and Barger (1963)
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observed significant reduction in decay percentage in brussels

sprouts prepackaged in polymeric films.

Zisman'.and Temkin-Gorodeiski (1978) observed a delay
in leaf sprouting and rootlet growth in radishes packaged in
polyethylene bags. wua and Salunkhe ' (1978) reported that
packaging of broccoli in polythene bags not only extended the

storage life but also imoroved the colour of buds, leaves and

stalks.

Freshly harvested leeks prepackaged in sealed
nonperforated polyethylene bags stored well for ten weeks at
0°Cc. No off odours, off flavdurs or tissue injury from co,
build up or 02
packages (Hruschka, 1978). Hovadik et al. (1980) studied the

depletion were_observed in leeks in the sealed

effect of packaging on weight loss, chemical composition and
microbial growth on savoy cabbage heads. The external and
internal gqualities were maintained best by wrapping in
perforated polyethylene film and storing it at low
temperature, high relative humidity. Microsial growth was
inhibited by low teﬁperature'storage. Lill (1980) reported
thatj fresh asparagus spears kept in perforated polyethylene
bags had lower weight loss. The packaged asparagus spears had
better appearances. It is also reported that asparagus packed
in perforated bays could be stored upto 4 weeks at a

temperature of 2 to 4°C,
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High degree of Botrytis porri infection was observed

on leeks stored in perforated plastic bags kept in a
refrigerated store at 0° to 1°C and RH ranging from 96-98 per
cent (Tahvonen, 1980). Andre et al. (1980) reported that
storage life of artichoke could be extended to two months when
individual wrapping of artichoke in polyethylene bagé was
combined with refrigerated storage. Carrots packaged in

perforated polyethylene bags with 0.8 per cent recorded lowest

weight loss and spoilage percentage (Ram et al., 1981).

Experiments were performed by Umiecka (1981) to
dgtermine the best conditions for the storage of carrots in
plastic bags in order to prolong the availability of the
vegetables beyond the time provided. It was observed that
storage times of 8—9 months were achieved for some varieties,
tﬁe best results were obtained by storage in perforated
polyethylene film at temperatures of 0°-1°C., For -shorter
periods, i.e., for 3-4 weeks, carrots could be stored at 4-5°C

in unperforated polyethylene bags.

Iwase et al. (1982) observed that onions stored in
plastic film bags are of poor quality when compared to those
sﬁored in plastic mesh containers. song et al. (1982)
reported that eight month storage of garlic in polyethylene

bags resulted in 23 per cent weight loss and 17 per cent decay
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when compared to 92 per cent and 77 per cent respectively in

the control.

It was observed that in Colocassia and Xanthosoma sSpp.

though the weight loss was reduced by packaging in
polyethylene film, the incidence of deéay was very high undér
ambient.storage (Passam, 1982). Radishes kept in polyethylene
bags at 0° to 1°C recorded the lowest weight 1loss (Dyachenko

4

and Kravtsov, 1982).

Potatoes were packed in polyethylene film and stored
at S?C and 20°C for 27 weeks (Woo, 1983). Germination was
observed from 12th and 6th week onwards for variety "May
Queen” and "Namjak" during storage -at 5°C. A steady increase
in respiration rate was observed for both varieties after
germihation.during Storage at 20°C. However quality changes
were very little throughout the storage. Saimbhi (1983)
reporFed a loss of 31 to 37 per cent fresh weight after four
days in carrots left unwrapped. Whereas packaging in
polyethylene bags resulted only 5 to 11 per cent of fresh

weight after 20 days of storage.

Akhundov et al. (1983) reported a storage 1life of
10-30 days for beetroots stored in polythene packaées in a

cold store when compared to 3 days in a cold store without
packaging.
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shredded cabbages werxe stored in low density poly
ethylene (LDPE) pouches for five days. Wilting, browning,
6ff~flavour and spoilage were evaluated. Significant
dif ferences were found in browning and off-flavour. Degree of
Browning was . higher in thinner .pouches and at ‘high
temperature. After five -days of storage, ethanol was
detected in some pouches resplting in off-flavour to the
produce. Higher accumulation and consumption rate of Co2 and
o] respectively were observed in thicker pouches aﬁ- higher

2

temperature (Kawano et al.. 1984).

The influepce of several plastic films combined with
low temperature to prolong the marketability of sprouting
broccoli and turnip greens was studied by Anelli et al.
(i985). It was observed that plastic films prevented the
development of unpleasant volatile compounds and reduced

excessive loss of water.

shrink wrapping of fresh sweet corn with polymeric
films eliminated @oisture loss and resulted in elevéted co,
and decreased O, .concentrations within packages. These
effects, together with refrigeration markedly reduced the
changes associated with  senescence  and postharvaost
deterioration resulting in three fold extension in shelf life
(Deak et al., 1987). Mencarelli (1987) studied the storage of

ylobe artichokes in polymeric films of varyiny permeablility.
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Best results were obtained in films which are sufficiently
permeable to gaseous exchange while maintaining h;gh humidity.
Packaéing of asparagus spear in sealed polyethylene bags not
only reduced the percentage weight loss but also reduced the
incid?nce of fungal rotting and browning (Saliuus et al.,

1987} .

Ceausescu et al. (1988) ieported a storage life of 60
nays for cauliflower held in polyethylene bags whereas for
non-packaged cauliflowers it was only 30 days. Tomkins and
Cumming (1988) observed thét the development of modified
atmosbhgre within the package reducéd the moisture loss,
retained the growth of pathogen and maintained the quality of

aSparayus.
|

Kawashima et al. (1989) detected a strong odour in
broccoli wrapped in low gas permeable film while those wrapped

withihigh gas permeable films developed yellowing.

Maharaj and Sankat (1990)'neported storage life of 2-3
days 'and 14-15 dayslrespectively for prepackaged bread fruits
held  at low and ambient conditions. . At high temperatures
packdging induced browning. Schowbe and Parkin (1990) studied
the éffect of low temperature and modified atmosphere sStorage

on sugar accumulation in potatoes. A larger delay in sugar
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accumulation was observed in tubers held wunder modified

atmospheres.

Packaging of ‘'ready-to-use' grated carrots were
studied in different polymeric films and stored at 2, 6 or
10°Cc for 10 days (Carlin et al., 1990). At low temperature
(2°C)1physiologica1 activity and microbial growth were reduced
sufficiently to delay époilage, even with the least permeable
film. But above 6°C the use of high permeability films is

perfectly justified.

Asparagus stored in modified atmosphere had better
colour, fresh appearance, firm texture and a weight 1loss of
less than 12 per cent after 28 days of storage (Gariepy
et gl;, 1991). Prepackaging of carrots in 100 and 200 gauge
polyethylene bags with 18 vents extended shelf life by 6 days
over control samples at ambient conditions of temperature

22.8-25.5°C and relative humidity ranging from 61.0-79.0 per

cent {(Lingaiah and Huddar, 1991).

According to Sankat and Maharaj (1993) the ripening
process in bread fruits could be delaygd if low temperature
storage is coupled with packaging in polyethylene bags thereby
enhancing the storage life. The influence of maturity

levels and prepackaging treatments on shelf life and quality
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in two varieties of carrot was studied by Lingaiah and Reddy
(199?). It was observed that the shelf ife varies with
maturity of the produce a§ well as between the varieties.
Highest shelf life was obtained with polythene bags having 0.5

per cent ventilation irrespective of the thickness.
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MATERTALS AND METHODS

Investigations on enhancing the shelf life of selected
vege{ables through certain postharvest technologies were
conducted in the Department of Processing Technology, College
of Horticulture, Gellanikkara, Thrissur, Kerala frbm June 1992
to 'Qctober, 1993. vVellanikkara enjoys a warm humid climate
throﬁghout the year with minor fluctuations in daily

temperature. The area is situated between 10° 32' N latitude,

and 76° 16' E longitude and at an altitude of 23 M above MSL.

Fresh vegetables are hiéhly perishable. Due to
inadequate harvesting, handling, packaging, transport, storage
and 'marketing practices large guantities of these vegetables
are lost. In tﬁe present study an effort was made to extend
the storage 1life and also to reduce postharvest losses of
certain vegetables by testing different precooling, packaging

and storayge systems.

The study was conducted in three experiments as

indiQated below:

3.1 Standardisation of precooling treatments to improve the

postharvest life of fresh vegetables,
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3.2 Effect of precooling and packaging on shelf 1life of
vegetables under ambient and refrigerated storage

environment,

3.3 Effect of portion packaging of large sized

vegetables.

The fresh vegetables except elephant foot yam required
for the study were produced in the research plots of the
Department of Olericulture, College of Horticulture as per
Kerala Agricultural University package of practices (1989).
The produce after harvest were taken immediately to the
laborétories of the Processing Technology Department for
conducting the experiments. The elephant yam corms required

for the study was procured from a nearby farmers' field.

3.1 ?xperimental l: Standardisation of precooling treatments

to improve the postharvest life of fresh vegetables
| N
Details of the experiment are given below.

3.1.1 Vegetables used;.for the experiment

Vegetable _ Variety Maturity at harvest in no.

of days after fruitset
Amaranth Kannara Local Tender fully grown leaves*
Brinjaﬁ' Surya 21

Chill: Jwala Sakhi 30



contact icing



Plate 1. Precooling by contact icing



42

Cowpea Kanakamony 14
Okra Arka Anamika 7
Tomato PKM-1 30

* pDuration changes from harvest to harvest

3.1.2 Treatments

C - Hydrocooling in tap water for 20 minutes at the

rate of 5 litre/kg of the vegetables.

C - Hydrocooling with cold water (15°C) for 20 minutes

at the rate of 5 litre/kg of vegetables.
c - Top icing with crushed ice.

Crushed ice was spread all over the produce to be
precooled in alternate layers at the rate of 1 kg of ice per

kg of vegetables (Plate 1). A contact time of twenty minutes

was allowed.
c - Control (No precooling treatment)

The experiment was conducted at the laboratory both

under ambient temperature and refrigerated storage
environments. For refrigerated storage, Voltas refrigerator
of 3B-07378 model of capacity 305 1litres was used. The

temperture inside the refrigerator was maintained at 1l + 1l°C
with RH ranging between 60 to 65 per cent; by adjusting the

control knob of the refrigerator to the 6th position.
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3.1.3 Preparation of vegetables for precooling treatment

Fresh vegetables harvested before 10.00 A.M. were
taken to the laboratory. Malformed and bruised vegetables
werce removed. In the case of amaranthus only tender stem
cuttings with leaves of 20-25 cm length were taken. After
sorting, the vegetables with uniform maturity were selected
visually and these vegetables were subjected to precooling
treatments. For allltreatments, samples weighing 500 + 10 g
of vegetables were used except in the case of chillies where
the sample weight was 250 + 10 g. The samples were placed on
paper plates and one set of treatments were kept in the open
and the other set insjide the refrigerator. Each treatment
were replicated five times, both under ambient: refrigerated

environments.
3.1.4 Observations

3.1.4.1 Physiological loss in weight (PLW)

The fresh weight of the vegetables were taken
immediately after précooling and draining and subsequently the
cumulative weight loss during storage were found out at

intervals of 24 hours and expressed as percentage.
3.1.4.2 Environmental conditions

Environmental parameters such as maximum temperature,
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minimum temperature, relative humidity were recorded daily at
2 P.M. during the experimental period. The mean figures for
the above parameters are presented below on respective tables.
For measuring maximum and minimum temperatures, maximum-
minimum thermometers were wused. For relative humidity

measurements, dial type hygrometers were used.

For the measurement -of temperature and relative
humidity inside the ' refrigerator; the refrigerator was
adjusted to work at a temperature of 11 + 1l°C after keeping
the precooled vegetable. Maximum-minimum thermometers, dial
type hygrometers were placed inside the refrigerator for
monitoring the temperature and humidity inside the

refrigerator.
3.1.4.3 Unmarketability

The percentage of unmarketabiiity was determined based
on visual observation. Once the sample showed apparent visual
symptoms of wilting or withering or décay the sample was
treated as unmarketable. Unmarketability was assessed at

intervals of 24 hours from the beginning of the experiment.



45

3.2 Experiment IT. Effect of precooling and packaging on
shelf life of vegetables under ambient and refrigerated

storage environments

3.2.1 Vegetables used for the experiment

The same six vegetables used for the first experiment,

{under 3.1.1) were used in this case also.

3.2.2 Treatments

P, - Polyethylene bags of 100 gauge without ventilation
P, - Polyethylene bags of 200 gauge without ventilation
P3 - P1 with 0.5 per cent ventilation
P4 - P2 with 0.5 per cent ventilation
P5 - Polypropylene bags of 100 gauge without ventilation
P6 - Polypropylene bags of 200 gauge without ventilation
P, - P5 with 0.5 per cent ventilation
‘P8 - Pg with 0.5 pef cent ventilation
The experiment was conducted undér the following
conditions.
1. Pl to P8'kept under ambient temperature storage
2. Pl to P8 kept under refrigerated storage
3. P, to P8 treatments were subjected to precooling

treatments as in experiment (1) and kept wunder ambient

temperature storage.
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4, P, to P8 treatments subjected to precoocling treatments as

in experiment (1) and kept under refrigerated storage.
3.2.3 Preparation of vegetables

Vegetables immediately after the harvest ' were
subjected to precooling treatments as described in 3.1.2 and

3.1.3. The precooled vegetables were then wiped using tissue

paper and then subjected to prepackaging.

3.2.4 Prepackaging of vegetables
3.2.4.1 Packaging materials

Polyethylene and polypropylené bags of 100 and 200
gauge thickness were used for Prepackaging. Bags measuring’25
cm x 20 cn to hold 500 + 10 gm of material were used except in
the case of amaranthﬁs and chillies where bags measuring 30 cm

X 25 cm and 15 cm x 20 cm were respectively used.
3.2.4.2 ventilation

The ventilation in polybag; were provided by making
holes with the help of single punch which makes a hole of area
" 0.25 cmz. For bags measuring 25 cm x 20 cm a total of 20
holes were provided with 10 holes each on both sides. For

bags of size 30 cm x 25 cm and 15 cm x 20 cm, a total of 30



Plate 2. Packaged vegetables stored inside the
refrigerator
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and 12 holes were given respectively for providing the

necessary ventilation.
3.2.4.3 Packaging

The prepared vegetables were filled in polybags,
weighed and then sealed using guick seal heat-sealers. The
sealing was air tight. Each bag was then labelled, weighed

and kept for storage under two Storage environments.

The samples for testing under ambient temperature
storage were kept on the raised platforms inside the
laboratory.  For refrigerated storage the samples were kept
inside 3B-07378 model voltas refrigerator of 305 1litres
capacity (Plate 2). The temperature and relative humidity
inside the refrigerator was maintained as explained in the
experiment under 3.1.2. Both under ambient and refrigerated
environments for each treatment there were five samples each

representing a replication.

3.2.5 CCbhservations

3.2.5.1 Physiological loss in weight Quring storage
P.L.W. was meaeured as described in 3.1.4.1.

3.2.5.2 Unmarketability

Unmarketability was estimated as described in 3.1.4.3.
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3.2.5.3 Length of storage life

The storage life or shelf life was measured interms of
number of days upto which produce was held in a marketable
condition. The produce was treated unmarketable once an
apparent mould growth or decay or shrivelling was observed on
the produce kept inside the package. The period was expressed

as days.
3.2.5.4 Consumer acceptability

The consumer acceptability was evaluated by scoring
technique on a 5 point hedonic scale as given Lelow
Veenakumari (1992). The acceptability was scored at intervals

of 24 hours.

Description Scere
Acceptable fully 1
Acceptable somewhat 2
Neither acceptable 3
nor unacceptable

Unacceptable somewhat 4
Not acceptable 5

For the assessment of acceptability, one additional

replication of the samples were used and these packets were

'

kept separately. While other observations on the treatment



49

vegetables were taken, this replication was given to a group

of three semitrained persons to score for acceptability.

The causal organism for microbial spoilage was also

identified by microscopic examination.
3.2.5.5%5 Environmental parameters

Environmental parameters were recorded as described in

3.1.4.2.
3.3.1 Experiment III

Effect of portion packaging techniques of large sized

vegetables.

3.3.2 Vegetables used for the experiment

Maturity at harvest
Vegetable Variety in no. of days
after fruitset

Ashgourd KAU local 25
Elephant foot yam Local 9 months**
Oriental pickling melon Mudicode local 30
Pumpkin Ambili 35
Snakegourd TA-19 18

** after planting

3.3.3 Treatment details

T -  Packaging portioned vegetable slice in polyethylene

sheet
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T2 - Packaging portioned vegetable slice in polypropylene
sheet
Ty - Packaging Frecooled portioned vegetable - slice in

polyethylene sheet

T - Packaging precccled portioned vegetable slice in

polypropylene sheet
T - Portioned vegetable slice, unpacked
T - Portioned slice of precooled vegetable unpacked

The experiment was ccnducted at the lakoratory both
under refrigerated and ambient Storage environment. For
refrigerated storage voltas refrigerator as specified in tre
experiment (1) under 3.1.2 was used. The inside temperature
of the refrigerator was maintained at 11 + 1°C with RH ranging

from 60-65 per cent.
3.3.4 Preparation of vegetables

Vegetakles , after the hérvest were subjected to
hydrocooling in cold water (15°C) for 20 min. After
hydrocooling the vegetables were wiped using tissuve paper and
then cut into slices each weighing 50 + 10 g. Elephant foot
yam used for the experiment was thoroughly cleaned and all the

soil particles and root growths were removed Lefore precoeling



Plate 3. Portion packaging of elephant foot yam
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and slicing. Another set of Samples were prepared in the same

way %ithout the precooling treatment.

3.3.5 Prepackaging of vegetables
3.3.5.1 Packaging materials

Polyethylene and polypropylene sheets of 100 gauge

thickness were used for pPrepackaging of the vegetables.
3.3.5.2 Packaging

Polyethylene and polypropylene sheets of ‘required siée
wereé cut. The sliced vegetables were then wrapped with the
sheet. The ends were heat sealed using heat sealer to get air
tight‘ sealing after removing the trapped air as far as

possible (Plate 3).

The samples for ambient temperature storage were kept
in  the laboratory. For refrigerated storage voltas
refrigerator as specified in the experiment (1) under 3.1.2
was used. The temperature and relative humidity insiée the
retrigerator was maintained as explained under 3.1.2. Each
treatment were replicated five times both under ambient and

refrigerated storage environments.
|
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3.3.6 Observations
3.3.6.1 Physiological loss in weight

PLW was measured as described in 3.1.4.1
3.3.6.2 Unmarketability

Unmarketability was estimated as described in 3.1.4.1.
3.3.6.3 cConsumer accéptability

Consumer acceptability was assessed as described in
3.2.5.4
3.3.6.4 Environmental parameters

Environmental parameters were recorded as described in
3.1.4.2.

3.4 sStatistical analysis

The data generated from the three experiments were
subjected to statistical analysié suggested by Panse and
Sukhatme (1954). In the case of experiment 3.1 the analysis
was done as a factorial CRD with two féctors viz. precooling
and ‘days after storage; for the variables PLW and
unmarketability. For the experiment 3.2 the analysis was done

USing' Split - sSplit plot design for the variables PLWw,
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unmarketability and consumer acceptability. Precooling was
taken as the main plot treatments and packaging and days after
storage were taken as sub plot treatments. For the wvariable,
length of storage life the analysis done was factorial CRD
with two factors viz. precooling and packaging. In all the
cases the levels of precooling and packaging treatments were
four and eight respectively. The levels for days after
storage varied with crops. For the experiment 3.3 the
analysis was done as a factorial CRD with two factors viz.
packaging and days after storage for the variables PLW,
Unmarketability and - Consumer acceptability. The level of
packaging treatments are four and two (total six). Here the
control samples are analysed separately. The levels for the

days after storage varied with crops.

In the case of Experiment 1 values of daily
observations were used. 1In the case of Experiments 2 and 3
mean values observation of th days and three days interval
respectively were used under both the storage environments.
Statiétical analysis of the data of the experiments collected
as mentioned above was done and interpreted for drawing

conclusion.



Results




RESULTS

4.1 standardisation of precooling treatments to improve the

postharvest life of fresh vegetables

Effect of various precooling‘treatments were studied
in amaranth, brinjal,‘chilli, coﬁpea. okra and tomato. Daily
observations were thken on PLW and unmarketability for all
vegetables except in the case of tomato. In the case of
tomato, for the convenience of statistical analysis mean
values of the observétions for two days and three days
interval were Qsed respectively under ambient and refrigerated
storage environments in various treatments. Salient results

of the experiments are described below.

4.1.1 Amaranth (Amaranthus tricolor L.)

pata on PLW and unmarketability as influenced by

precooling treatments are presented in Table 1.
4.1.1.1 Physiological loss in weight

The influence of precooling treatments on PLW was

significant only under refrigerated storage.

Perusal of data in Table 1 showed that under

refrigerated storage, the PLW was minimum in c, {ccld water),



Table 1. Effect of precooling treatments on PLW and unmarketability in amaranth

Phyaiological loss in welght (%) Unmarketablility (%)
Trestments  -ooe_.______ 7772297021 1098 in welq i S s BT
Ambient temperature storage Refrigerated storage Ambient temperature storage Refrigeratedq storage
D, D2 Mean Dl D2 03 Mean Dl D2 Mean o, Dy Mean
€,-Tap water 31.13 54:.05 42.59 7.25 10.47 19.38 12.37° 84.00 100.00 92.00° 1.00 18.00 9.50
{66.63) (89.99) {78.31) (2.69) (22.67) (12.88).
C,-Cold water 32.26  49.06 40.66 6.52 11.72 16.40 17.552 84.00 100.00 92.90P 1.00 11.00 6.00"
. {66.63) (89.99) (78.22) {2.69) (16.49) ( 9.59)
C,-Contact . 30.44  47.16 38.80 7-05 13.35 18.73  13.38% . 74.00  95.00 85.002 1.00 9,00 5.00
1ding ' ' {59.54) (85.82) (72.18) (2.69) (13.56) ( 8.13)
C,~Control 33.60  50.43 42.01 8:90 16.61 21.48  15.66°  81.00 100.00  90.50" 1.00  18.50 ' 9.75
(64.25) (89.99) (77.12) {2.69) (23.43) (13.06)
<D
Precooling{c) N.S 1.83+ 3.16~ N.S
' Significant at 5 per cent
level
Mean temperature during
experimentrperiod
Maximum temperature 33.4°C 10.9°c
Minimgm temperature 27, 2e¢ 8.9e¢
Mean relative humidity
during experiment period 78 .5 % 60.1%
Dl' 02. ......... D, - 'n’ Days after storage

Figures in bracket indicates transformed values

SS
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followed by Cl (tap water) and C3 (contact icing). Treatments

c Cl and C3 were on par with each other. Maximum PLW was

2l

recorded in C, (control).

4
4.1.1.2 Unmarketability

Precooling treatments had significant influence on

unmarketability only under ambient temperature storage.

Minimum unmarketability under ambient temperature
storage was recorded in Cs (contact icing}. Max imum
uhmarketability was recorded in C, (cold water) and Cl (tap

water} which were on par with C, (control) .

4.1.2 Brinjal (Solanum melongena L.)

PLW and unmaketability as influenced@ by precooling

treatments are presented in Table 2.

4.1.2.1 Physiological loss in weight

Precooling treatments showed significant influence on

PLW both under ambient and refrigerated storage environments.

Minimum PLW under ambient temperature storage was
recorded in Cs (contact icing) which was followed by C2 (cold

water) . Treatments C3 and Cz'were on par with each other.



Table 2. Effect of precooling treatments on PLW and wmarketability in brinjal
) Prysiological loss in weight (%) Urmarketability (%)
Treatments
Ambient temperature storage Refrigerated storage Ambient temperature Refrigerated
storate storage
D]. [)2 03 Dd D5 Mean Dl 02 D3 Dd l)5 D6 Mean 04 l)5 Mean DS Dﬁ Mean
Cl-’rap water 5.74 B8.43 9.32 11.42 13.59 9.70b 1.29 2.45 3.18 5.28 6.07 B.B8 4.53 13.00 34.00 23.50° 5.00 17.00 ll.OGb
(21.04) (35.64) (28.34) (8.24) (21.27) (14.76)
Cz-Cold wvater 4.17 7.61 9.33 10.81 12.15 8.81% 1.10 2.63 3.09 5.13 6.12 8.38 4.41 6.00 23.00 l¢l.50b 1.00 4.00 2.50a
{ 9.11) (28.32) {18.72)} (2.69) { 7.37} ( 5.03)
C,~Contact- 3.88 6.39 8.01 9.96 11.70 7.99% 1.06 2.25 3.05 3.99 5.43 7.84 3.94 1.00 11.00 6.00° 1.00 1l.00 1.00%
icing ( 2.69) (17.36) {10.03) (2.69) { 2.69) { 2.69}
C,~Control 4.94 7.58 9.50 11.31 13.56 9.38b 1.62 3.01 4.41 5.89 6.69 B.70 5.05 10.00 32.50 21.25° 1.50 12.50 T.UOb
{16.49) {34.81) {25.65) (3.69) (18.80) {(11.25)
Precoolinglc) 1.38* 0.1_7' 6.59" 5.91*
Significant at 5 per cent
level
Mean ternperature during
experiment period
Maximum temperature 31.8°C 12.2°C
Minimm temperature 28.6°C 9.4°C
Mean relative humidity
during experiment period 82.5% 62.2%
Dl' D2 ......... Dn ~ 'n' Days after storage

Figures in bracket indicates transformed values
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The PLW was maximum in Cl (tap water) which was on par with C4

{control).

Minimum PLW under refrigerated storage was recorded in
Cyq (contact icing). This treatment was significantly superior
to all other treatments. Maximum PLW was recorded in Cq

(control).
4.1.2.2 Unmarketability

Data on unmarketability showed significant variation
among precooling treatments both under ambient and

refrigerated storage environment.

Under ambient temperature storage the minimum
unmafketability was recorded in C, (contact icing) which was
significantly 1lower than all other treatments. It was
followed by c, {colad Qater). Maximum unmarketability was

recorded in C; (tap water) which was on par with C, (control).

Contact icing (C3) and cold water (C2) treatments

recorded the minimum unmarketability under refrigerated

storage. The effect of these two treatments were on par.
Maximum unmarketability was recorded in.c1 (tap water) which

was on par with C, (control).

4
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4.1.3 chilli (capsicum annum L.)

The influence of precooling treatments on PLW and

unmarketability are presented in Table 3.
4.1.3.1 Physiological loss in weight

Precooling treatments had significant influence both

under ambient and refrigerated storage environment.
|

Minimum PLW under ambient temperature storage was
recorded in C, (cold water)} which was on par with C, (contact
icing). Maximum PLW was recorded in C, (tap water). ¢, was

followed by C, {(control). Treatments C, and C, were on par

4

with each other.

Perusal of data in Table 3 showed that minimum PLW
under refrigyerated storage was in Csy (contact icing) which was
on par with C, (cold water). Maximum PLW was recorded in C,

(tap water) which was on par with C4 {control).
4.1.3.2 Unmarketability

Precooling treatments had significant effect on

unmarketability only under refrigerated storage.

Among the treatments, minimum unmarketability under
refrigyerated storage was recorded in contact icing (C3). This

'was followed by cold water (C,). C, and C, were on par with



Table 3. Effect of prececoling treatments on PEW and unmarketability in chilli

‘Physiologiml loss in weight {%)

Urmarketability (%)

Treatnents
Ambient temperature storage Refrigerated storage Ambient temperature Refrigerated
storage storage
Dl D2 03 3] 4 Mean Dl D2 D3 2] 4 D5_ D6 Mean D 4 II)5 Mean D5 b6 Mean
C,-Tap water  13.00 24.92 31.28 36.84 26.51® 4,00 8.46 12.69 15.96 19.43 23.28 13.98° 21.00 50.00 35.00 4.50 18.50 11.50°
(26.70) (45.10) {35.90) (7.37) (24.83) (16.10)
C,-Cold water 11.00 19.75 26.75 34.52 23.00° 3.46 8.08 10.77 13.85 17.69 21.54 12.56 19.00 47.00 33.00 s.00 13.00 9.00%
' (25.21) (43.25) (34.23) (8.24) {19.41) (13.83)
€5-Contact- 14.17 24.17 28.58 34.00 25.23% 3.02 S.66 9.06 13.97 18.36 21.4% 11.93° 21.00 44.00 32.50 1.00 8.50 4.75%
icing (26.70) (41.47) {24.08) (2.68) {15.13) ( 8.91)
¢, ~Control 13.02 22.93 31.18 37.55 26.17° 4.42 7.68 10.39 14.24 18.85 23.29- 13.14° 24.00 S2.00 38.00  9.00 17.50 13.25°
(28.78) (44.34) (36.57) (15.38) {21.45).(18.42)
D
Precooling(c) 2.23% 0.89+ N.5 6.51%
* Significant at 5 per cent
level
Mean temperature during
experiment period
Maximum temperature 32.4°C 11.6°C
Minimr temperature 28.1°C 8.9¢C
Mean relative humidity
during experiment period 80.2% 61.4%
Dyr Dy vrvnnenns o, - ‘n' Days after storage

Figures in bracket indicates transformed values

09
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each other. Maximum unmarketability was recorded in C

(control) which was on par with Cl (tap water).

4.1.4 cCowpea (Vigna ungquiculata (L.) Walp.)

Data on the effect of precooling treatments on PLW and

unmarketability are presented in Table 4.

4.1.4.1 Physiological loss in wéight

{

Precooling treatments differed significantly both

under ambient and refrigerated storage environment.

Minimum PLW under ambient temperature storage was

recorded in C, (cold water). This was followed by Cy (contact

2
L4
icing) and Cy (tap water). C4y and C, were on par with each

other. Maximum PLW was recorded in C4 (control}).

Under refrigerated storage minimum PLW was recorded in

C3 (contact icing) which was followed by C (cold water). The

2

effect of C, and C, were on par. PLW was maximum in C (tap

3 2 1

water) which was on par with Cy {(control).
4.1.3.2 Unmarketability

Data on unmarketability indicated that there was no
significant difference between precooling treatments on
unmarketability both under ambient and refrigerated storage

environments.



Tahle 4. Effect of precooling treatments on PIW and unmarketability in cowpes

Physiological loss in weight (%)

Urmarketability (A1)

Treatments =z
Amhient temperature storage Refrigerated storage Ambient temperature storage Refrigerated storage
Mean
D, D, Mean Dy D, Dy Mean o, D, Mean D, D,
Cl-’I‘ap water 12.57 20.77 16.67b 6.28 13.69 22.54 14.l7b 36.00 78.00 57.00 5.00 19.00 12.00
(36.80) (62.12) (49.49) (B.24) (25.44), (16.84)
C2~C01d water 10.55 19.11 14.83° 6.11 12.21 21.16 13.;1.6‘!i 36.00 79.00 57.50 6.00 21.00 13.50
(36.86) (62.18) (49.84) (9.11) (27.07} (18.09)
C,~Contact- 12.83 20.45 16.64° 4.98 1.00 20.99 12.322 © 31.50 76.50 54.00 3.00 18.00 10.50
icing ' (33.79) (61.44) (47.61) (4.56) (23.16)  (13.84)
C4-Ca1trol 14.63 22.05 18.34% 6.51 12.79 21.24 13.51b 35.00 77.00 56.00 10.00 26.00 18.00
: (36.25) (61.63) (48.94) (14.24) (30.36) {22.30}
(&3]
Precooling(c) 0.53 0.86* N.S N.S
* Significant at S per cent
level
Mean temperature during
experiment period
Maximum temperature 32.8°C - 11.2°C
Minimmm temperature 27.8°C §9.1°C
Mean relative hunidity
during experiment period 79.6% 60.3%

Dl' D2 .

Tt

- 'n* Days after storage

Figures in bracket indicates transformed values

29
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4.1.5 Okra (Abelmoschus esculentus L. Moench)

Data on PLW and unmarketability as influenced by

precooling treatments are presented in Table 5-

4.1.5.1 Physiological loss in weight

Significant difference between precooling treatments
on PLW were observed both under ambient and refrigerated

storage environments.

Minimum PLW under ambient temperature storage was

recorded 1in o (tap water). It was followed by C, (contact

icing) and C, {cold water). Cyq and C, were on par with each

other. Maximum PLW was recorded in ¢, (control).

4

Minimum PLW under refrigerated storage was recorded in
C, (cold water) which was on par with C, (contact icing). PLW

was maximum in C (tap water) which was on par with C

1 4

(control).
4.1.5.2 Unmarketability

Perusal of data on Table 5 showed that the precooling
treatments had significant effect 'only under ambient

temperature storage.

Minimum unmarketability under ambient temperature

storage was recorded in C3 (contact icing). This treatment



Table 5. FEffect of precooling treatments on PLW and unmarketabitity in okra

Physiological loss in weight (%)

Unmarketability (%)

Treatments
Ambient temperature storage Refrigerated starage Ambient tenperature storage Refrigerated storage
D Mean
l‘Jl D2 03 04 Mean D1 D2 03 D4 Moan 03 04 Mean D3 N
C,~Tap water 5.31 16.42 23.99 28.67  18.60° 4.86 8.3¢ 12.58 17.75 10.68°  28.00  52.00 40.00° 9.00  21.00 15.00
(31.47) (46.15) (38.81) (13.56) (26.81) (20.18)
C,~Cold water 5.87 159.03 28.41 32.87 2.1..53b 3.47 6.50 10.63 14.77 8.84° 21.00 49.00 3s.00*° 5.0 18.00 11.50
{26.44) (44.42}) {35.43) (8.24) (23.24) (15.74)
CJ-Contact- 6.09 19.45 26.45 33.79 Z'l.“b 2.0 6.21 11.85 16.7% 9.45° 21.00 46.00 33.50a 7.00 19.00 13.00
icing (26.92) (42.67) (34.80) (11.94) (25.37) (18.65)
C‘—Omtrol 7.63 20.02 29.18 37.43 23.56': 4.04 7.25 11.79 17.48 10.14b 40.00 72.00 56.00b 13.00 27.00 20.00
{32.81) (59.45) (49.13) (18.80) (3L.21) {25.00}
(1) .-
Precocling(c} 0.92* 0.86* 7.98* N.S
* Significant at 5 per cent
level
Mean temperature during
experiment period
Maximm temperature 31.4°C 11.6°C
Minimmm temperature 28.8°C 8.8°C
Mean relative humidity
during experiment period 83.4% 59.7%

D,. b

1 T2 e

[1}

- 'n' Days after starage

Figures in bracket indicates transformed values

vo
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was followed by C, (cold water) and C, (tap water). Cy <,

and C. were on par with each other. Maximum unmarketability
1

was recorded in C4 (contrel).

4.1.6 Tomato {Lycopersicon esculentum Mill.)

Data on the effect of precooling treatments on PLW and

unmarketability in tomato are presented in Table 6.

[}

4.1.6.1 Physiological loss in weight

-

Data on PLW showed significant difference among
precooling treatments both under ambient and refrigerated

storage environment.

PLW under ambient temperature storage was minimum in
C3 (contact icing) which was on par with C1 (tap water).
Treatments C3 and Cl were followed by C4(contron. Maximum PLW

was recorded in C2 (cold water).

Minimum PLW under refrigerated storage was recorded in

C3 (contact icing) which was on par with Cl (tap water). C3

and Cl were followed by C2 (cold water). Maximum PLW was

recorded in C4 (control).

4.1.6.2 Unmarketability

Significant difference in unmarketability among



Table 6. Effect of precooling treatments on PLW and unmarketability in tomato

Physiological loss in weight (%)

Unmarketability (%)

D30 Dy ceennn 2}

' — 'n' Days after storage

Figures in bracket indicates transformed values

Atbient temperature storage Refrigerated storage Arbient temperature Refrigerated starate
stor.age
D2 D4 DS DB Mean 03 D6 !)9 D12 015 Mean D6 DB Mean 012 DlS Mean
C,-Tap water  2.69 5.38 8.93 12.28  7.32 1.97 2.46 4.82 6.58 9.79 5.13° 15.00 38.00 26.50° 11.80  30.00  20.90
{22.67) (36.32) (29.49) (17.36) (33.10) (25.23)
C,~Cold water 4.01 7.22 12.34 15.41 9.74° 2.31 3.19 5.92 6.98 9.9 5.67° 29.00 63.00 46.00° 5.00  25.00 15.00
(32.38) (52.95) (42.66) ( 8.71) (29.91) (19.51)
C,-Contact- 2.61 5.42 8.08 11.47 6.89"° 1.69 2.7¢ 4.8 5.62 9.41 4.87% 10.00 36.00 23.00° 10.00  24.80  17.40
icing (15.18) (37.14) (26.16) (14.43) (29.27) (21.85)
€,~Control 314 6.61 9.2 12.35  7.80° 280 4.18 6.85 9.95 14.23 7.60° 25.00 53.00 39.00°  6.00 31.50  18.30
(29.95) (46.72) (38.34) ( 9.11) (35.49) (22.30)
Precooling(c) 0.88* 0.38* 7.98% N.S
Significant at 5 per cent
level
Mean temperature during
experiment pericd
Maximmm temperature 32.1°C 12.4°C
Minimm termperature 28.4°C 8.9eC
Mean relative humidity
during experiment period 82.8% 60.5%

99
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various precooling treatments was observed only under ambient

temperature storage.

Minimum unmarketability wunder ambient temperature
storage was recorded in Csy (contact icing) which was followed

by C; (tap water). Treatments Cq and C, were on par with each

1
other. Maximum unmarketability was recorded in C, (cold

water) which was on par with C, {control).

4.2 Effect of precooling and packaging on shelf 1life of
vegetables under ambient and refrigerated storage

environments

Effect of various packaging treatments on precooled
vegetables were studied in amaranth, brinjal, chilli, cowpea,
ockra and tomato. Daily observations were taken on PLW,
unmarketaﬁility‘ and consumer acceptability. For the
convenience of statistical analysis mean values of the
observations of two days and three days interval were used
respectively under ambient and refrigerated storage
environment in variéus treatments. In the case of cowpea and
okra kept under ambient temperature storage mean values of the
daily observations were taken. For tomatoes kept under
refrigerated storage, mean values of the observations of six
days interval were used. Salient results of the experiments

are given below.
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4.2.1 Amaranth (Amaranthus tricolor L.)

A view of amaranth packaged in polymeric films is

presented in Plate 4.
4.2.1.1 Physiological loss in weight

Data on PLW as influenced by precooling and packaging
treatments are presented in Table 7. Treatments differed
significantly both undér ambient ; and refrigerated storage

environments.

Among precooling treatments, under ambient temperature
storage, minimum PLW was recorded in Cq (contact icing).
Maximum PLW was recorded in c, (cold water) which was on par
with C (tap water). These treatments were followed by C

1 4

{control).

Among packaging treatments, under ambient temperature
storage, minimum PLW was recorded in P, (100 gauge PE,
unventilated) followed by-P2 (200 gauge PE, unventilated).
Treatments P, and P2 were on par. Maximum PLW was recorded in

P3 (100 gauge PE, ventilated).

With respect to refrigerated storage minimum PLW,
among precooling treatments was recorded in €y (contact
icing}. Maximum PLW was recorded in C2 (cold water) which was

on par with <y (tap water).
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Table 7. Influence of precooling and packaging treatments on PLW (1) in amaranth

7a. Main effects

Days after storage

L it OV

[ |
Ambient temperature storage Refrigerated storage
D2 04 D6 D8 Mean D3 DG D9 012 D15 Mean
Precoéling
c, 2.75  4.49 6.18 7.86 5.32° 3.14 4.98 6.5 8.69 10.26 6.72°
c, 3.22  4.88 6.52 7.89 5.62°C 2167 s5.45 6.82 8.65 10.48 6.82°
Gy 2.19  3.35 4.77 5.66 3.98° 1.98. 3.33  4.86 7.60 9.10 5.372
¢, 2.38 3.65 5.33 6,96 4.58° 1.70  3.74 5.19 8.60 10.14 5.gg®
Packaging
P 0.26 0.34 0.46 0.56 0.41% 0.34 0.53 0.75 0.89 1.46 0.79%
P, 0.44 0.67 0.74- 1.36 0.80° 1.2 2.21 2.54 3.25 3.56 2.55%
Py 4.71 8.22 12.51 15.46 10.23% 3.17 5.60 7.95 11,38 .15.09 8.649
Py 4.37 6.66 9.59 12.57 g.30° 5.17 '9.47 11.45 14.68 16.87 11.58%
P 0.87 1.07 1.47 1.57 1.28° 0.63 ° 0.96 1.33 2.17 2.83  1.59°
Pe 1.04 1.3} 1.63 2.29 1.57P 1.42 2,58 3.0% 3.30 3.58 2.78°
P, 4.58 7.64 B8.96 10.20 7.84F 2.15  5.88 10.54 16.46 20.86 11.18%
Py 5.05 7.01 10.67 14.01 9,189 5.79 8.8l 10.09 13.60 16.79 11.02°
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Table 7b. Interaction effects

@ ——— i E . A W W W e e e e A T W N A e A R W T AR S La e

Days after storage

'l‘rdﬂtmont. ————————————————————————————————————————————————————————————————— -k - e =
Ambient temperature Btorage . . Refrigerated storage
) Dy Dg ®g Py Og Pg P12 D15

. R T e e e R AL A R S A W S e R A A R R e e e R R SR R R W SR PR W AR W TR W W W W e e v e B A8 S W AR

Precooling x Packaging ' |

C1P1 U.1l8 0.24 0.37 0.39 0.55% 0.95 1.43 1.67 2.96
N 0.21  0.38 0.62 0.90 0.16 0.22 0.54 0.59 0.19
C4P; 0.17 0,18 0.23 0.24 0.16 0.19 0.29 0.48 0.82
N 0.46 0.51 0.70 0.72 0.47  0.75 0:76 _ 0.81 0.86
c,P, 0.16 0.29 0.36 1.51 . 0.98 1.42 - 1.53 1.63 1.98
c,P, 0 0.73 0.97 1.24  1.65 .92 2.31  3.08  3.69 4.15
C4P, 0.62 0.75 0.76 0.90 [ .-.28  1.48 1.62 2.03 2.45
P, 0.25 0.54 0.66 1.54 .64 3.61 "3.9¢  6.67 6.85
C,Py 4.78  9.82  14.51  17.51 '7.08  8.83  10.33  14.50 16.23
CaPy 6.14 10.77 15.34 ° 18.14 . 2,65  6.62 8.63 11,73 15.22
4P, 3.79  5.92 12.48  15.48 _ 1,79 3.58 5.81 9.99 13.96
Py 4.14 6.38 7.72 10.70 1.16  3.38 7.04 9.26 14.94
c,P, 2.98  5.65 7.99 9.98 4.88 8.03 12.14  16.00 17.02
C,P, 4.46 7.37 9.33 11.93 17.58 14.12 15.01  15.45 16.76
C4P, 4.11  6.25 10.95 16.80 4.88  7.48 9.28 13.61 18.23
CyPy ' 4.84 .7.37.  10.09 11.52 3.35  8.24 9.36 13.65  15.46
¢ P '0.57 0.83 1.29 - 1.46 0.61 0.62 1.23 2.15 2.54
€ P 0.27 0.38 0.73 0.74 n.44  0.69 1.14 2.17 3.26
C3Ps 0.90 .1.24 1.31 1.32 .58 0.70 0.8¢5 1.39 2,01
C,Pg 0.94 1.05 1.74 1.75 .91 1.8) 2.1z T72.98 3.51
R 0.79 1.14 1.77 . 3.1l .31 4.11 4.61 4.62 4.62
CoPp 1.90 1.91 2,57 3.23 1.22  2.43 2.4¢ 2.44 2.45
C4Pg 0.28  0.53 0.63 0.67 7.39.  0.58 0.91 1.22 2.24
.?495 0.97 1.57 1.61 2.10 0.78 1.79 3.07 3.94 3.95
c,P, 6.19  9.86 10.84 11.75 2.82  6.72 11,16 16.46 21.99
C,P, 6.83 10.54 12.31 13.94 2.92 i6.75 11.70  16.13 21.35
c4P, 2.47  5.31 6.24 6.99 0.89 4.72° 9.21 15.66 19.16
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Table 7b (Contd.)

TroatmentB —==Fm————-——eerce— e seecoo—maaa=- i it .-
Ambient temperature storage : Refrigorated storuge
0y By Cg Pg O3 B¢ Py P12 P15
- ——————————— e amm——————— e e cemcmr e —————————
C4P7 2.82 4.83 6.44 8.14 l1.92 5.83 10.19 17.62 20.92
ClPB 6.37 8.09 12.35 17.14 5.91 9.20 9.77 12.56 14.75
C2P8 4.24 6.70 10,02 11.83 5.59 11.00 12,15 17.00 19.50
CBPB 4.72 6.28 10.14 13.44 8.45 .10.52 13.43 19.01 24,53
C4Pg 4.84 6.95 10.26 13.63 . 3.33 0 4053 5.03 5.83 8.38
CD for
Precooling (C) 0.58+ 0.49* -
Packaging| (P} 0.80~ 0.72*

Cx P NS NS

* Signi::cant at 5 per cent
level

Mean temperature during
experiment périod

Maximum temperature 33.4°C 10.9°C
Minimum téemperature 27.2°C 8.9°C

Mean relative humidity

during experiment period 78.5% 60.1%
¢, - Precooling with tap water Cy - Precooling by con:act icing
c, - Precooling|with cold water C, - Control

By - PolyethyleTe bays ef 100 gauge without ventilation
P, - Polyethylene bags of 200 gauge without ventilation
P, - P, with 0.? per cent ventilation

P4 - P2 with 0.5 per cent ventilation

Py - Polypropyléne bags of 100 gauge without ventilation
P6- Polypropylene bays of 200 gauge without ventilation
P7 - PS with 0.5 poer cent ventilation

Py - P6 with 0.5 per cent ventilation

LR TR D - 'n' Days after storage



Plate 5. Type of spoilage In amaranth
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In the case of packaging treatments under refrigerated
storage, minimum PLW was recorded in Py (100 gauge PE,
unventilated). Maximum PLW was recorded in P, {200 gauge PE
ventilqted) followed by P7 (100 gauge PP, ventilated) and P8
(200 gauge PP, ventilated). Treatments P4, P7 and PB were on

par with each other.

The interaction of precooling and packaging had no
significant effect on PLW both under ambient and refrigerated

storage environments.
4.2.1.2 Unmarketability

The influence of precooling and packaging treatments
on unmarketability are presented in Table 8. The type of
spoilage 1leading to unmarketability of the packaged produce

is presented-in Plate 5.

In the case of unmarketability, precooling and
packaging treatments had sianificant effect only under

refrigerated storage. In this case, among precoeoling
treatments, minimum unmarketability was recorded in = {tap
water) which was on par with Cqy (contact icing). Maximum
unmarketability was recorded in C2 (cold water) which was

followed by C4 (control). With respect to packaging

treatments minimum unmarketability was recorded in Pl {100

yauye PLE, unventilated} which was on par with P (100 gauge

5
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Table 8. Influénce of precooling and packaging treatments on unmarketability (%) in amaranth

ga. Main effects

Days after storage
FLOALMBALS ==eror— o e e e e e e e m e S E LSS es oSS S S S S oSS mSSSSTE o

Ambient temperature storage Refriyersted storage
DG D8 Mean 012 D:.'5 Mean
Precooling {
¢, 6.25 18.75 12.50 12.13 35.13 23.63%
{10.60) (25.29) {17.95) 15.83) (34.49) (25.16)
c, '5.50 18.25 , 11.88 22,75 48.75 35.75°
(8.75) (24.86) {16.80) (25.16) (44.53) (34.85)
Cyq 4.75 17.38 11.06 12.63 37.63 25.16°
K7.84) (24.23) (16.04) (16.12) (36.32) {26.22)
c, . 8.13 22.38 15.25 15.25 39.75 27.50P
(12.60) (27.83) (20.22) {19.49) (38.84) {29.16)
Packaging
P ' 8.50 21.25 14.88 2.75 21.00 11.88°
(13.69) (27.06) (20.38) (5.71) (27.12) (16.42)
P, 9.00 23.00 16.00 12.50 34.00 23,257
{13.54) {27.95) (20.75) (17.27) (34.29) (25.78)
2, 7.7% 20.75 14.25 26.50 53.75 40.13¢%
(12.66) (26.73) (19.69) (30.77) (47.21) .(38.99)
P, 5,25 18.25 11.75 34.00 61.25 47.63%
(8.54) (24.91) (16.73) (35.20) (52.34) {43.77)
P, 3.25 16.00 9.63 4.00 27.75 15.88%
1 (5.36) (23.30) {(14.88) (7.28) (31.68) (19.48)
Pe 5.7% 18.75 12.25 6.25 21.50 13.88%
(9.50) (25.28) {17.37) (9.54) (22.59) (16.07)
P, 6.25 19.50 12.88 16.25 42.00 29.13°
(10.32) (25.88) (18.10) (20.73) (40.26) (30.49)
Py 3.50 16.20 9.80 25.25 53.25 39.259

(6.00) (23.33) (14.87) (29.04) (46.99) (38.02})
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Table 8b. Interaction effects

Precooling x Packaging

- 11.00 (19.08) 25.00 (29.86) 3.00 {6.35) 19.00 (25.75)
C,Py 7.00 (9.95) 18.00 (24.59) 3.00 (6.35) 24.00 (29.17)
4Py 5.00 (8.33) 18.00 (24.59) 2.00 (3.79) 9.00 (25.69)
C4P1 11.00 (17.39) 24.00 (29.21) 3.00 (6.35) '2.00 (27.88)
cyP, 6.00 (9.19) 20.00 (25.99) 1.00 (2.69) 9.00 {15.65)
c,P, 6.00 {9.19) 18400 (24.59) 15.00 (20.46) 39.00 (38.45)
C3l"2 6.00 (9.19) 18.00 (24.59) 11.00 (17.39) 19,00 (38.61)
C.Py 18.00 (24.59) 36.00 (36.66) 21.00 (28.53) 19.00 (44.43)
cyPy 7.00 {12.04) 18.00 (24.70) 30.00 (33.07) 59.00 (50.26)
C,ly 2.00 (3.79) 16.00 (23.37) 29.00 (32.46) 54.00 (47.35)
4P, 8.00 (12.86) 21.00 (26.90) 18.00 (24.99) 44.00 (41.56)
C P4 14.00 (21.93) 28.00 (31.94) 29.00 (32.56) 58.00 (49.65)
C,P, 5.00 (8.33) 16.00 (23.26) 30.00 (33.07) 57.00 {49.09)
C,P, 8.00 (12.86) 22.00 (27.77) 62.00 (52.06) 88.00 (70.21)
¥, 3.00 (4.66) 16.00 (23.14) 20.00 (26.44) 43.00 (44.44)
C.P, 5.00 (8.33) 19.00 (25.46) 24.00 (29.21) 51.00 (45.60)
c,Pe 5.00 (8.33) 17.00 (24.13) 3.00 (6.35) 24.00 (29.28)
C,Ps 3.00 (4.66) 16.00 {23.14) 4.00 (7.22) 30.00 (33.15)
C4Ps 2.00.(3.79) 15.00 (22.68) 3.00 (6.35) 27.00 (31.23)
C,Pg 3.00 (4.66) 18.00 (24.88) 6.00 (9.20) 30.00 (33.07)
C,Pg 5.00 (8.33) 18.00 (24.81) 1.00 (2.69) 8.00 (10.66}
CPg 8.00 (12.86)  20.00 {26.03) 20.00 (26.44) 49.00 (44.44)

4P 5.00 (8.33) 19.00 (25.46) 1.00 (2.69) 3.00 (4.64)
C4Pe 5.00 (8.33) 18.00 (24.81) 3.00 (6.35) 26.00 (30.60)
e 6.00 (9.19) 19.00 (25.46) 15.00 (20.53) 39.00 {38.56)
kg 7.00 (11.99) 21.00 (26.90) 17.00 (21.91) 44.00 (41.44)
C,P, 6.00 (9.19) 19.00 (25.46) 16.00 (18.70) 46.00 (42.56)
c,P, 6.00 (10.89) 19.00 (25.69) 17.00 (21.79) 39.00 (38B.49)
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Table Bb {Contd.)

Trestnents ambient temparature storage Refrigerated storage
. Pe Dg 012 O15

---------------- [ epepapppepsppppep R P PP B DL DGR Sttt bbbtk
ClPB 5.00 (8.33) 17.00 l24.13). 14.00 {21.81) 39.00 {38.65)
CZPB 3,00 {4.686) 15.00 {22.50) 32.00 {(34.40) 62.00 (52.03)
C,Pg 3.00 (6.35) 13.00 (21.06) 38.00 (38.02) 69.00 {(56.36)
Cde 3.00 (4.66) 17.00 (24.01) 17.00 {(21.91) 43.00 (40.99)}
cD for

Precoocling {C) N.S 2.88*

Packaging (P) N.S 4.08*

Cx P - N.S N.S

* Significant at 5 per cent
level

Mean temperature during
experiment period

Maximum temperature 33.4°C 10.¢°C
Minimum temperature 27.2°C B.¢e°C
Mean relative humidity during 78.5% 60.1%

experiment period

¢ - Precooliny with tap water €y - Precooling by contact icing

c, - Precooling with cold water ¢, - Control

Pl - Polyethylene bags of 100 gauge without ventilaticn
P, = Polyethyléne bags of 200 gauge without ventilaticn
Py - Py with 0.5 per cent ventilation
Py = P, with 0.5 per cent ventilation
PS - Pvlypropyiene Lays of 100 gauge without ventilation
Pe~ ¥Yolypropylana bagw of 200 yauge without ventilation
P7 - Ps with 0.5 per cent ventilation
PB - P6 with 0.5 per cent ventilation

Dg. 08‘ tssenriaacvse.s D= 'n' Days after storage

* Figures in bracket indicates transformed values
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PP, unventilated) and P6 (200 gauge PP, unventilated).
Maximum unmarketability was recorded in P, (200 gauge PE,

ventilated).

The interaction had no significant effect both under

ambient and refrigerated Storage environments.
4.2.1.3 Length of storage life

Data . on storage life as influenced by precooling an¢
packaging treatments are presented in Table 9. Precooling and
pPackaging treatments had significant effect both under ambient
and ‘refrigerated Storage environments on the shelf 1life of

amaranth.

Among precooling treatments, maximum shelf 1life was
recorded in C, (contact icing) followed by C, (cold water) ang
C1 (tap water) unger ambient temperature storage, Treatments
C3, C2 and Cl were on par. Lowest shelf life was recorded in

C4 (Control).

With respect to packaging treatments under ambient

temperature storage, maximum shelf life was recorded in Pg

(200 gauge PP, ventilated) and P, (200 gauge PE, ventilated).

Treatments PB and P4 Were on par. Minimum shelf life was

recorded in P2 (200 gauge PE, unventilated) .
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Table 9. Storage life {(days) amaranth as influenced by precooling and packaging treatments

Precooling hAnbient temperature storage Refrigerated storage
. e L L L L L e R L L .
Packaging C1 C2 Cq Cy Mean . C1 C2 C3 C4 Mean
____________________________________________________ e m e
v, 4,20 4.60 4.60 4.20 4.40" 11.40 11.40 14.60 12.20 11.y0®
P, 4.40 4.60 4.60 3.40 4.25° 13.00 10.00 10.20 9.20 10.60°
Py 4.40 4.80 4.40 3.80 4.35" 8.40 8.00 9.60 8.60 8.40°
P, 4.60 4.80 5.10 4.80 4.80%  7.80 4.80 9.40 g.20 7.80f
P 9.48 4.40  4.80  4.60  4.57°  11.20 11.00 11.40 11.00 11.15°
Pe 4.60 4.40 4.60 4.60 4.55° 13.70 9.30 13.70 11.30 12.00%
\
P, §.60 4.40 4.60 4.60 4 5§b 9.40 9.60 9.80 $.80 9.65%
Py 1.60 4.80 5.00 4.80 4.83° 9,80 7.80 7.80 9.80 8.75%
Mean 4.50%  4.60% 4.70% 4.350 10.32%  9.00° 10.50® 10.15P
CD for
Precooling (C} 0.20* 0.29*
Packaging (P) 0,25+ 0.42»

Cx P N.S N.S

* Significant at 5 per cent
level

Mean storage life of <1l day 1.5 days
control samples

Mean température during
experiment period

Maximum temperature 33.4°C 10.9°C
Minimum tempefature 27.2¢°C B8.9°C
Mean relative humidity
during experiment period 78.5% 60.1%
€y - €4 = Precooling treatments

Pl - PB ~ Packagying treatmente
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Cy (contact icing) and Cl (tap water) had the maximum
shelf 1life among precooling treatments, under refrigerated
storage. The effect of treatments'c3 and C1 were on par.
Minimum shelf life was recorded in C2 (cold water) which was

on par with C4 {control).

Among packaging treatments, under -refrigerated
storage, maximum shelf life was recorded in P. (200 gauge PP,
unventilated) and Py (100 gauge Pé, unventilated) and were at

par. Minimum shelf life was recorded in P (200 gauge PE,

4

ventilated).

The interaction had no significant effect both under

ambient and refrigerated storage environment.
4.2.1.4 Consumer acceptability

Results of the consumer acceptability rating of the
precooled produce in different packages are presented in

Table 10,

In the. case of ambient temperature storage,
significant difference in acceptability was observed only
among packaging treatments with best acceptability for PB (200

gauge PP, ventilated}.

With respect to refrigerated storage significanf

difference in acceptability was observed among precooling and



Table 10. Consumer acceptability of amaranth as lnfluenced by precocling and packaging

treat

10a.

mantsa

Main effects

‘Days after storage

Treatments et k4 e R e s

b,
Precooling
Cy 1.9§
C2 1.93
Cs 1.98
Cq 2.05
Packaging
Py 1.95
P, 2.15
93 1.90
P, 1.95
Pg 1.85
Pe 2.05
P7 2.20
Py 1.70

2.70

3.90
3.85

3.50

4.48
4.63

4.53

3.16
3.15

3.11

1.88
2,38

2.23

2.60
3.08

2.63

4,10

3.58

3.65

3.00
3.10
3.90

4,25

2.44
2.85

3.34



Table 10.b. Interaction effects

80

Precooling x Packaging

LS
2R
C3Fy
CaPy

C1F2

('.?2132

€3

2.20

1.80
1.80

2.00

2.20
1.80

2.00

1.80
1.80
1.80

1.80

2.00
2.20
2.20

2.20

3.40
2.40
2.40
2.60
2.80
2.40
2.60
3.80

2.60

2.60
2.60

2.40

2.60
2.80

2.60

2.60

Pg

4.40

3.60

3.60
3.80
3.60
4.40

3.40

Ambient temperature storago

e T = Sy - =

4.40

1.00

1.40

2.40

1.20

1.40

1.80

2.20

2.00

2.00

2.490

3.00

3.00

2.60

5.00
5.00
5.00
$.00

5.00

4.80
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Table 10b. {Contd.)

T rEALMENE S — = oo o oo e r e e e e e e e e e e e e ST TS E T T e
Ambient temperature storage Refrigerated storage
®2 Py Os Og O3 Ps Og P12 By

___,__________-_~__________-_,__________________-,? __________________________________
C,Py 2.20  2.40 4.00 4.BO ‘ 1.80 2.00 2.80 4.00 4.80
CyPg 1.80 2.20 3.40 4.60 1.20 2.00 2.80 4.00 5.00
C,Pg 1.80 2.40 3.40 4.60 1.80 2.60 3.40 4.60 4.80
C4Pg 1.80 2.00 2.60 3.60 2.0 3.00 3.20 4.60  5.00
c498 1.80 2.40 3.40 4.60 1.80 2.40 2.60 3.80 4.60
CD for )

Procooling (C) N.S 0.10+*

Packaging (P) 0.22* 0.11+

Cx P N.5 N.S5

* significant at 5 per cent level
Five point scale for consumer acceptaﬁility
1. Acceptable fully 2. Acceptable somewhat,
3. HNeither acceptable non unacceptable 4. Unacceptable somewhat

5. Not acceptable

C1 - Precooling with tap water Cq - Precooling by contact icing

C2 - Precooling with cold water C4 - Control

Py - Polyethylene bags of 100 gauge without ventila:ion
P, - Polyethylene bpgs of 200 gauge without ventila:ion
P3 - Pl with 0.5 per cent ventilation -

P4 - P2 with 0.5 per cent ventilation

Ps -~ Polypropylene bags of 100 gaﬁge without ventilation

PG— Polypropylenc bags of 200 gauge without ventilation

P, - PS with 0.5 per cent ventilation

PB - PG with 0.5 per cent ventilation

27 03, ......... PPN Dn - 'n' Days after storage



packaging treatments. Among precooling treatments, C1 (tap

water) and C3 (contact icing) were r.:ted as best and equally

acceptable. Among packaging treatments, P, (200 gauge PP,

j e rated
unventilated) and Pl {100 gauge PE, unventilated) wer

as best and equally acceptable.

Interaction of precooling and packaging treatments

indicated no significant effects under two storage regimes.

4.2.2 Brinjal Solanum melongena L.)

A view of brinjal packaged in polymeric film is

presented in Plate 6.
4.2.2.1 Physiological loss in weight

The influence of precooling and packaging treatments
on PLW in brinjal are presented in Table 11 and Fig.l.
Precooling and packaging treatments differed significantly

both under ambient and refrigerated storage environments.

In the case of precooling treatments, under ambient

temperature storage, minimum PLW was recorded in C {cold

2

water). Maximum PLW was recorded in C4 (control) which was on

par with C. (tap water).

1

Among packaging treatments, under ambient temperature

storage, minimum PLW was recorded in P, {200 gauge PE,
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Table 11. Influence of precooling and packaging treatments on PLW {3) in brinijal

l1la. Main effects

Days after storage

Treatmentsg —~==cmcar e T ———— T TR T T TS
Ambient temperature storége : Refrigerated scrorage
D2 D4 D6 D8 Mean D3 DG 09 012 Dls D18 D?1 Mean
Precooling
<, 1.26 1.66 2.02 2.58 1.90° 0,74 1.16 1.58 2.01 2.48 2.95 3.46 2.07°
c, 0.73 1.28 1.89 2.39 1.58%7 0.64 1.02 1.51 1.9 2.28 2.69 3.16 1.89°
i
C4 0.96 1.45 2.01 2.54 1.74° 0.33 0.68 1.)6 1.46 1.88 2.32 2.88 1.52%
C, . 1.07 1.53 2.27 2.82 1.92° 0.77 1.19 1.39 1.97 2.33 2.77 3.30 1.99
Packaging
P 0.27 0.56 0.84 1.18 0.71° 0.23 0.34 0.47 0.56 0.65 0.70 0.85 0.542
P, 0.39 0.45 0.56 0.67 0.52° 0.22 0.27 0.35 0.42 0.47 0.58 0.67 0.40°
Py 0.96 1.80 3.22 3.92 2.48° 0.86 1.65 2.52 3.28 3.94 4.72 5.50 3.28C
P, 1.59 2.07 2.89 3.53 2.52% 0.95 1.76 2.63 3.33 4.14 4.98 5.87 3.38€
P 0.85 1.42 2,05 2.60 1.73° 0.22 0.26 0.32 0.43 0.46 0.59 0.83 0.44°
¥e 0.49 ©0.65 ©0.78 1.36 0,82° 0.19 0.31 0.41 0.51 0.60 0.70 1.10 0.553
P, 1.39 2.26 2.85 4.03 2.63%° 0.84 1.85 2.98 3.47 4.08 4.6% 5.33 3.26°
Py 1.54 2.1} 2.74 3.63 2.509 1.04 1.29 1.73 2.31 3.25 4.15 5.06 2.69°
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Table llb. Interaction effects

TrEALMENLS—— === === = == = s e e e e e eSS S S SSm oSS o oeSSSSEm T
Aambient temperature storage Refrigerated storage
b Py Pg  Dg Dy Dg Py Py By Dy P
Srrrniiina W Raemaeing TTTTTTTTTTTTTTTTTTTTTTT T
Clpl ‘0.32 0.69 0.41 1.14 0.33 0.43 0.67 ©0.76 1.05 1.14 1.33
C2P1 0.14 0.17 0.21 0.59 0.16 0.31 0.46 0.55 0.56 0.56 0.71
C3Pl 0.25 0.49 1.14 1.40 0.14 0.23 0.24 0.33 0.35 0.36 0.42
C4P1 0.38 0.89 1.58 1l.58 0.35. 0.45 0.60 0.68 0.69 0.82°'0.92
Cle 0.16 0.20 0.21 0,30, 0.45 0.46 0.47 0.48 0.49 0.59 0.63
C2P2 0.21 0.36° 0.53 0.56 0.16 0.24 0.34 0.41 0.49 0.54 0.54
C3P2 0.96 0.98 1.05 1.37 0.12 0.18 0.22 0.31 0.32 0.47 0.59
C4P2 0.23 0.24 0.45 0.46 0.18 ©0.23 0.42 0.51 0.65 0.7F 0©.90
C1P3 1.06 1.76 2.47 3.31 0.62 1.22 2.03 2.67 3.49 3.76 4.48
C2P3 0.83 1.70 3.45 4.21 1.28 1.58 3.17 3.96 4.75 5.54 5.79
C3P3 0.78 1.%3 3.61 13.83 0.48 1.86 2.55 2.84 3.55 4.67 6.04
C,4P3 1.18 1.82 3.37 4.35 1.09 1.93 2.71 3.67 3.96 4.92 5.70
C,P,4 2.04 2.22 2.60 3.17 1.4 2.44 3.70 4.44 4.96 6.09 6.93
C2P4 1.08 2.14 3.14 3.48 0.72 1.59 2.36 2.99 4.13 4.74 5.55
C,P, 1.38 1.64 2.18 3.03 0.67 1.24 1.85 2.83 3.68 4.53 5.50
C4P4 1.87 2.28 3.63 4.44 1.01 1.78 2.62 3.06 3.80 4.58 5.48
ClPs 1.10 1.81 2.26 3.21 0.27 0.28 0.3% 0.36 0.45 0.60 0.9§
C,Pg 0.47 0.83 1.42 1.75 0.3% 0.47 0.51 0.68 0.69 0.80 1.04
C3P5 0.95 1.44 2,10 2.44 0.14 0.15 ©0.23 0.45 0.46 0.47 0.71
C4P5 ) 0.88 1.59 2.43 2.95 0.08 6.14 0.16 0.20 0.23 0.40 0.60
CIPG . 0.52 1.04 1.27 2.02 0.19 0.35 0.4% 0.50 ©0.%7 0.77 1.44
CZPG 0.70 0.90 0.94 1.35 0.13 0.31 .0.45 0.66 0.81 0.85 1.39
C3P6 0.95 1.38 1.66 2.25 0.19 0.2¢ ©0.25 0.44 0.43 0.51 08.73
C4P6 0.70 .85 0.90 1.30 0.12 0.17 0.30 0.31 0.40 0.49 0.83
C1P7 2.27 2.60 2.B6 4.22 1.18 2.1% 23.18 3.69 4.50 5.15 5.66
C2P7 1.27 2.1% 2.80 3.88 1.13 2.5¢ 3.63 4.31 4.53 4.98 5.89
C3P7 0.64 2.08 2.50 3.72 0.18 0.87 1.89 2.63 3.35 3.B6 4.49

Coantd.



85

Table 11b [iContd.)

Tréatmentsj*~~-—*——----—---———-—-—----——-——---——-————-—--———T --------------------------
Ambjient temperature storage Refrigerated storage
P Py Bg D b3 By By Py Dy Py Dy
Cy4P5 .39 2.23 3.22 4.29 0.87 1.9 2.42 3.25 3.92 4.80 5.28
C,Pg {.98 2.72 3.65 4.68 1.44 1.88 2.55 3.16 4.37 5.35 6.25
C2Pa 0.9% 1.97 2.70 3.%9 1.15 1.26 1.16 1.74 2.32 3.49 4:34
C4Py 1.43 1.45 2.06 2.80 0.68 0.69 1.27 1.87 2.88 3.72 4.56
Tyl " 1.76 2.29 2.57 3.45 0.87 1.40 1.93 2.45 3.41 4.03 5.08
!
Ch for
Precooling (C) 0.08* 0.09%
Packaying (i} 0.14~ - 0.17+
C x ﬁ NS NS
. Signifiéant at 5 per cent
level
Mean temperature during
expeériment period
Maximum temperature 31.8-¢C lz.2°¢C
Minimum temperature 2B.6°C ¢.4°C
Mean relative humidity
during experiment period 82.5% 62.2%
¢, - Precooling with tap water Cqy - Precooling by contact icing
c, - Precooling with cold water €, - Coentrol

) -~ polyethylune buyu of 100 gauye without vantilatlon

P, - Polyethylene bags of 200 gauge without ventilation

P3 - Pl wi£h 0.5 per cent ventilation

Py - Py wiﬁh 0.5 per cent ventilation

PS - Polyp%opylene bays of 100 gauge witﬁout ventilation
Pe- Polypropylene bags of 200 gauge without ventilation

P, - Pg with 0.5 per cent ventilation

Pg = Pg with 0.5 per cent ventilation

Dz, DB' ............... N - 'n' Days after storage
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(a) Ambient temperature siorage

(b) Refrigerated storage
(After twenty one days of storage)

(After eight days of storags)
Fig. 1 Effect of precooling and packaging on physiological

loss in weight

in Brinjal.
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unventilated) which was significantly superior to all other

treatments. Maximum PLW was recorded in P, (100 gauge PP

ventilated).

With respect to refrigerated storage, among precooling

|
treatments, C, (contact icing) recorded the minimum PLW.
Maximum PLW was recorded in Cy (tap water) which was on par

with C, (control}.

4

Minimum PLW, among paékaging treatments under
refrigerated storage was recorded in P, (200 gauge PE,
unventilated) followed by Pg (100 gauge PP, unventilated), P,
(100 gauge PE, unventilated) and P, (200 gauge PP,
unventilated}. Treatments P, P5, Py and P6 were on par with
each other. Maximum PLW was reccrded in P, (200 gauge PE,
ventilated) which was on par with Pg (100 gauge PE,

ventilated) and P7 (100 gauge PP, ventilated)}.

The interaction between precooling and packaging had

no significant effect under the two storage regimes studied.
4.2.2.2 Unmarketability

Unmarketability as influenped by precooling and
packaging treatments are presented in Table 12 and Fig.2.
Type of spoilage leading to unmarketability of the packaged

brinjal are presented in Plate 7. Data presented in Table 12
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Table 12. Influence of precooling and packaging treatments on unmarketability (%) in brinjal

12a. Main effacts

Days after storage

PrEatmENES |—===m === == e e e e S m S So S SSSSsSsso oo ssomoomomTooo e
Ambient temperature storage Refrigerated storage
DG D8 Mean Dla 021 Mean
Precoocling
c, 7.88 31.63 19.76° 22.25 51.00 36.63°
(12.39) (32.76) (22.58) (27.16) (45.66) 36.41)
c, 2.38 22.75 12.56% . 12.00 19.25 25.63°
(4.72) (27.81) (16.27) (17.30) (38.64) 27.97)
cy 7.75 30.50 19.13° 8.00 32.38 20.192
(11.74) (32.40) {22.10) (12.42) (34.49) 23.46)
c, 8.50 36.38 22.44€ 27.00 60.13 43.569
, (12.46) (35.93) {24.19) {29.84) (51.21) {40.53)
Packaging
P, 9.25 40.25 24.75° 24.25 54.50 39,389
{15.43) {39.23) (27.33) (27.01) (47.96) (37.48)
¥, B.25 37.50 22.88° 18.00 47.25 32.63°
(13.16) (36.69) (24.93) {22.75) (43.46) (33.10)
Py 2.25 17.25 9.752 15.25 39.00 27.13°
(4.43) (23.77) (14.10) (20.40) (38.54) (29.47)
P, 1.75 12.00 6.88% 5.00 31.00 18.00%
(3.08) (18.67) {11.28) {B.66) (33.61) (21.14)
Py 17.00 46.59 31.759 26.00 55.75 40.88°
(20.73) (42.18) (31.45) (30.27) (48.42) (39.34)
P 8.50 35.50 22.00° 21.75 51.75 36.75%
(13.85) (35.92) (24.89) (25.34) (46.25) (35.79)
P, 3.25 28.50 15.88% 13.25 43.00 28.13°
(15.84) (31.75) (18.82) (18.79) (40.84) (29.82)
Py 2.75 25.00 13.87° 15.00 43.25 29.13P

(5:29) (29.60) (17.44} (20.23) (40.94) (30.59)
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Table 12b. Interaction effects

Precooling x Packaging

Py %0.00 (16.41) 38.00 (37.88) 34.00 (35.88) 73.00 (59.09)
c,Py 3.00 {6.35) 33.00 (34.83) ©17.00 (24.13) 42.00 (40.39)
c4P) 12.00 (19.49) 45.00 (42.12) 6.00 (9.08) 29.00 (32.51)
N 12.00 (19.49) 45.00 (42.12) 40.00 (39.22) 74.00 (59.86)
c, P, 1.00 (2.69) 11.00 (18.55) 19.00 (25.57) 45.00 (42.07)
c,P, 3.00 (6.35) 25.00 {29.97) 4.00 (7.22) 30.00 (33.20)
C4P, 15.00 (22.15) 56.00 (48.52) 16.00 (23.26) 42.00 140.34)
c,P, 14.00 (21.47) 58.00 (49.71) 33.00 (34.93) 72.00 (58.23)
Cy Py 2.00 (3.79) 15.00 (22.34) 17.00 (24.13) 36.00 (36.83)
C, ¥y 2.00 ( 3.79) 27.00 (31.27) 15,00 {22.68) 38.00 (38.07)
4P 3.00 ( 6.35) 13.00 (20.18) 2.00 { 3.79) 25.00 (30.10)
C4Py 2.00 ( 3.79) 14.00 (21.28) 27.00 (30.99) 56.00 (48.66)
¥, 12.00 ( 3.79) 11.00 (18.74) 9.00 (13.62) 36.00 {(36.60)
P, 2.00 { 5.25} 18.00 (24.47) 3.00 (6.353) 26.00 {30.61)
4P, 12.00 ( 3.79) 9.00 {15.78) 5.00 | 8.33) 32.00 (34.07)
C,P, 1.00 ( 2.69) 10.00 (16.31) 3.00 (6.353) 30.00 (33.15)
C,Pg 23.00 {27.65) 58.00 (49.86) 26.00 (31.70) 62.00 (52.11)
Py 2.00 ( 3.79) 10.00 (17.86) 27.00 (31.23) 60.00 (50.86)
4P, 14.00 (19.41) 48.00 (43.82) 15.00 (22.50) 35,00 (36.22)
C,Pe 29.00 (32.07) 70.00 (57-14) 34.00 (35.64) 66.00 (54.49)
C,Pg 15.00 (22.34) 49.00 (44.44) 27.00 131.11) 57.00 (49.09)
C,Pe 12.00 ( 3.79) 14.00 (21.58) 14.00 (19.41) 40.00 {39.08)
CyP¢ W3.00 (20.36) 44.00 (41.50) 10.00 (14.30) 36.00 (36.76)
4Py 1 4.00 { 8.91) 35.00 (36.19) 36.00 (36.53) 74.00 (60.08)
P, 5.00 ( 8.33) 37.00 {37.41) 21.00 (27.08) 51.00 {45.62)
C, P, '2.00 { 3.79) 28.00 (31.82) 8.00 (14.54) 40.00 {39.03)
CJPT 2.00 { 3.79) 15.00 {2:.27) J.00 { 6.35) LU0 (31,94)
C,P5 4.00 { 7.46) 34.00 (35.51) 21.00 (27.19) 53.00 (46.75)
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Table 12b {Contd.)

Traatments ——-—---—-------c-m et e e m e C e m e C e m e mmm oo ————e— -
Ambient tempernture storage kefrigerated storage
D¢ Og 18 P21

ClPB 4.00 { 8.91) 25.00 (29.97) 23.00 (28.48) 48.00 (43.87)
CZPB 3.00 ( 4.66} 27.00 (30.69} 8.00 (12.8¢) 38.00 (37.92)
CJPB 2.00 { 3.79) 22.00 (27.54) 7.00 {11.76) 31.00 (33.49)
C4Pa 2,00 ( 3.79)} 26.00 (30.19) 22.00 (27.84) 56.00 (48.50)
ch for

Precooling (C) 3.05~ 2.83+

Packaging (P) 4.32% 4.02+

C x PV M.S M.S

Significant at 5 por cent
lovel

Mean temperature during
experiment period

Maximum temperature 3l.BvC 12.2+«C
Minimum temperature 28.6°C 9.4°C
Moan relutive humidicy 42.5% 62.2v¢ .

during experiment period

Cl - Precooling with tap water Cy - Precooling by contact icing

€, - Precooling with cold water €, - Control

Py - Polyethylene bags of 100 gauge without ventilation
P, - Polyethylene bags of 200 gauge without ventilation
P3 - Py with 0.5 per cent ventilation
P, - P, with 6.5 per cent ventilation
P5 - Polypropylene bags of 100 gauge without ventilati:
P6- Polypropylene bags of 200 gauge without ventilation
P’ - PH with 0.5 per cent ventilation
Pg = P with 0.5 per cent vontilatlon

6 DB' ..... R Dn - 'n' Days after storage

-

Figures in bracket indicates transformed values
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showed significant difference between precooling and packaging

treatments under the two storage regimes.

Among precooling treatments, under ambient temperature
storage, minimum unmarketability was recorded in C, (cold
water) which was significantly superior to all other
treatments. Maximum unmarketability . was recorded in C4

(control).

With respect to packaging treatments, under ambient
temperature storage, minimum unmarketability was obtained in
P, (200 gauge PE, ventilated) which was on par with Py (100

gauge PE, ventilated). Maximum unmarketability was recordegd

in P5 (100 gauge PP, unventilated).

Minimum unmarketability, among precooling treatments
under refrigerated storage was recorded in C3 (contact icing)
which was significantly superior to all other treatments.

Maximum unmarketability was recorded in C (control).

4

With regard to packaging treatments under refrigerated
storage, treatment P4'(200 gauge PE, ventilated) recorded the

minimum unmarketability whereas treatment Pe (100 gauge PP,

unventilated) recorded the maximum unmarketability.

The interaction had no significant effect both under

ambient and refrigerated storage environments.
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Unmarkatabillly (%)

Unmarketabllity {%)

A MM
A Y

PS5 P& P7 P8

AT &

Ct C2 C3 C4

Treatments

ireatmanss

(b} Refrigerated storage
(After twenty one days of storage)

(a) Ambient temperature storage

(After eight days of storage)

Fig. 2 Effect of precooling and packaging on unmarketabilityin Brinjal.




Plate 6. Brinjal packaged in polymeric films

Plate 7. Type of spoilage in brinjal
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4.2.2.3 Length of storage life

Data on storage life as influenced by precooling and
packaging treatments are presented in Table 13. The effects
of packaging on shelf life 1is presented in Plate 8.
Significant differences were observed among precooling and
packaging treatments both under ambient and refrigerated

stordge environments.

Maximum shelf life, among precooling treatments, under
ambient temperature storage was recorded in C, (cold water}.

minimum shelf life was recorded in C, (control).

4

Among packaging treatments, under ambient temperature
storage, maximum shelf life was fecorded in P4 (200 gauge PE,
ventilated) which Was' on par with P, (100 gauge PE,
ventilated) and P8 (200 gauge PP, ventilated). Minimum shelf
life was recorded in P5 (100 gauge PP, unventilated) which was
on par with Py {100 gauge PE, unventilated), P, (200 gauge PE,

unventilated) and Pe (200 gauge PP, unventilated).

lith respect to refrigerated storage, among precooling
.treatments, maximum shelf life was recorded in C; (contact
icing). Minimum shelf life was recorded in Cq {control) and C1

(tap water). Treatments C4 and Cl were on par.
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Tagle 13. sStordge life (days) of brinjal se influanced by precooling and packaging troatments
Precooling Ambient temperature storage Refrigerated storage
X mmmmmmmmmm e e s L e e
Packaging <y <, Cy Cy Mean <y c, C3 Cy Mean
Pl 5.00 5.60 4.40 4.40 4.90° 14.60 15.80 17.00 13.60 15.25d
Py 6.00 5.60 4.20 4,20 5,00° 16.20 17.80 16.60 14,80 16.35°
P3 G.QS 5.85 6.45 5.25 5.902 15.60 16.60 18.40 15.20 16.45b
P, 6.65 5.65 6.85 1.65 5.959 17.20 18.00 18.20 17.60 17.75°
Pe 4.20 7.00 4.05 4.00 4.80° 15.00 14.80 16.60 15.20 15.40d
P, 4.20 6.20 4.40 5.40 5,05° 14.89 16.60 17.20 14.80 15.85°
P, 5.40 5.80  5.40  5.40  5.50°  15.60 16.80 18.00 16.00 16.60°
Py 5.75 5.85 6.25 5.90 5.90% 15.62 17.20 17.80 1l6.00 16.65°
Mean 5.40”  5.95%  5.28°  q.90° 15.58° 16.70°% 17.48" 15.40°
CD for
Precooling (C) 0.25* 0.28+
Packaging' (P) 0.36* 0.42+
cC x P N.S N.S
Significant at 5 per cent
level
|
Mean storage life of 3.5 days 4.8 days
contreol samples
Mean temperature during
experiment period
' \
Maximum temperature 31.8°C 12.2°C
Minimun temperature 28.6°C 9.4°C
Mean relative humidity
during experiment period 82.5% 62.2%
C, - Cq' - Precooling treatments

|
Py = Pg - Packaging treatments



Plate 8. Effect of packaging on storage life of
brinjal
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Among packaging treatments, under refrigerated
storage, maximum shelf life was recorded in P, (200 gauge PE,
ventilated) which was significantly superior to all other
treatments. Minimum shelf life was recorded in Py (100 gauge
PEE, unventilated) which was on par with P, (100 gauge PP,

unventilated).

The interaction had no significant effect both under

]
ambient and refrigerated storage environment.

4.2.2.4 Consumer acceptability

Results of the consumer acceptability rating of the
precooled produce in different packages are presented in
Table 14. In all the treatments significant difference in
acceptability was observed both under ambient and refrigerated

storage environments.

Among precooling treatments, under ambient temperature
storage, best acceptability was obtained for C, (cold water).
Among  packaying treatments, best acceptability was obtained

for P (200 gauge PP, ventilated), P (100 gauge PE,

8 3
ventilated), P7 (100 gauge PP, ventilated) and P4 (200 gauge

PE, ventilated). Treatments Pgs Pq, P, and P, were equally

acceptable.



trable 14. Consumer acceptability of brinjal as influenced by

treaFments

l4a. Main effects

precooling and packaging

96

bays after storage

FEALMEALS == nmemmmmmmmmmmmmmmmmmm e SemeeoosoosSoeoSoossToSSoSToSomTIIITTTTETTTTIT

2
Precooling
< 2.05
c, .2.03
Cq 2.20
Cy 2.33
Packaging
Py 2.20
L 2.30
Py 2.05
P, 2.05
P 2.?0
Pe 2.15
Py 2.05
Py 2.00

2.93

2.90
2.85
2.55
2.45

3.00

3.83

3.98

4.20

4.80
4.70

4.40

4.70

1.03

1.00

1.00

2.00

2.70

2.95
2.85

2.90

3.10
3.05
3.10

3.35

3.45

3.10

- 3.05

4.23 4.95
3.70 4.70
3.45 4.50

4.35 4.93

4.35 4.95
4,05 4.80
3.95 4.85
3.25 4.25

4.30 4.95

3.80 4.85

3.85 4.70

3.047-

3.02
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Table l4b. Interaction effects

Treatmentgs——--—=- e SRR B R R R it bt

Amblent temperacure storage kefrigarated storagu

Precooling x Packaging

¢ Py 2.00 2.80 3.80 4.80 1.00 2.00 2.60 3.00 3.40 4.60 5.00
c,Py 2.00 2.60 3.40 4.40 1.00 2.00 2.40 3.00 3.00 4.20 5.00
C3Pi 2.20 3.20 4.40 5.00 1.00 2.00 2.00 2.80 3.00 3.60 4.80
AN 2.60 3.00 4.40 5.00 1.00 2.00 2.80 3.00 4.40 5.00 5.00
cyP, 1.80 2.60 3.20 4.40 1.00 2.03 2.00 2.40 3.00 4.20 5.00
c,P, 2.00 2.80 3.40 4.40 1.00 2.00 2.20 2.60 3.00 3.20 4.20
cqP, . 2.60 3.00 4.60 5.00 1.00 2.00 .60 3.00 3.00 4.00 5.00
c,P, 2.80 3.00 4.60 5.00 1.00 2.00 2.80 3.00 3.40 4.80 5.00
c,Py 2.00 2.40 3.00 4.40 1.00 1.80 z.20 3.00 3.00 4.40 5.00
c,Py 2.00 2.60 3.20 4.20 1.00 2.00 .60 3.00 3.00 4.09 5.00
C3P3 2.06 2.40 3.40 4.40 1.00 2.00 2.40 2.80 3.00 3.00 4.00
c,P; 2.20 2.80 3.80 4.60 1.00 2.00 .80 3.00 3.20 4.40 5.00
ClP4 2.00 2.40 3.00 4.60 1.00 2.00 .40 2.80 3.00 3.G60 4260
c,P, 2.00 2.40 3.20 4.60 1.00 1.60 =2.20 3.00 3.00 3.00 4.40
C3P4 2,00 2.00 3.20 3.80 1.00 1.80 0g 2.60 3.00 3.20 1.60
P4 2.20 3.00 4.40 5.00 1.00 2.00 .40 2.40 3.00 3.20 4.40
c,Ps 2.60 3.00 4.60 4.80 1.00 2.00 .40 3.00 3.40 4.40 5.00
¥ 2.20 2.80 .3.20 4.20 1.00 2.00 2.40 3.00 3.40 4.20 4.80
C3P5 2.20 3.060 4.40 4.80 1.20 2.08 .40 3.00 J.o00 4.60 5.00
c,Ps 2.60 3.20 4.60 5.00 1.00 2.60 .00 3.00 3.40 4.60 5.00
c,Pe © 2.00 2.60 4.40 5.00 1.00 2.00 .20 3.00 3.00 4.60 5.00
¢, P 2.00 2.40 3.20 4.60 1.00 2.00 .40 3.00 3.00 3.80 4.80
C4Pg 2.60 3.00 4.60 5.00 1.06 2.00 2.20 2.80 3.00 3.60 4.40
c,Pe 2.00 2.60 3.40 2.60 1.00 2.00 2.60 3.00 3.40 4.00 5.00
c,P, 2.00 2.80 3.40 4.00 1.00 1.80 <.40 3.00 3.00 4.00 5.00
C2P7 ) 2.00 2.40 13.20 4.40 1.00 1.60 .00 2.80 3.00 .60 4.80
c,yP, 2.00 2.20 3.00 4.60 © 1.00 1.60 2.20 2.60 3.00 3.00 4.60
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Table 14b. (Contd.)

Ee MmN g = S o o e e e e e e e e e o
Ambient temperature storage Refrigerated storage
P Py Dg Dy °3 P Dy Dy DByg  Dyg Dy

C4Py 2.é0 3.00 3.40 5.00 1.00 11.610 2.60 3.00 3.00 4.60 5.00
c,Pq 2.00 2.60 3.20 4.40 1.00 2.0y 2.40 3.00 3.00 4.40 5.00
C,Pg 2.00 2.60 3.20 4.60 1.00 2.0¢6 2.40 3.00 3.00 3.60 4.60
C3P8 2.00 2.40 3.00 4.60 1.00 2.0 2.40 2.60 3.00 3.20 4.00
Can 2.00 2.80 3.20 4.20 1.00 2.0 2.60 - 3.00 3.00 4.20 5.00
CD for

Preccoling () 0.10* 0.0B*

Packaging (P) 0.14* 0.10+

Cx P N.S N.S

Siynificant |at 5 per cent level
Five point scale for consumer acceptability
1. Acceptable fully 2. Acceptable somewhat,

3. Neither'!acceptable non unacceptable 4. Unacceptable somewhat

5. Not acceptable

C, - Precooling with tap water Cq - Precooling by contact icing

C2 - Precooling with cold water Cq - Control

P, - Polyethylene bags of 100 gauge without ventilaticn
P2 - Polyethyleéne bags of 200 gauge without vantilaticn
Py - Py with 0.5 per cent ventilation

B, P, with 0I5 per cent ventilation

P - Polyprogylene bags of 100 gauge without ventilat:on
Ps— Polypropylene bags of 200 gauge without ventilati;n
Py - P5 with 0.5 per cent ventilation

Pa - P6 with 0.5 per cent ventilation

- ! ' R 3
Dore Pyy veennint, ", n' Days after sto;uge
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With respect to rgfrigerated storage, among precooling
treatments, contact icing (C3) was rated as the best. For
packaging treatments, best acceptability was obtained for P4
(200 gauge PE, ventilated).

No significant difference in consumer acceptability
was observed for the interaction effect of precooling and
packading both under ambient and refrigerated storage

environments.

4.2.3 Chilli (Capsicum annum L.)

A view of «chilli packaged in polymeric films are

presented in Plate 9.
4.2.3.1 Physiological loss in weight

The data on the effect of precooling and packaging
treatments on PLW are presented in Table 15. Significant
influénce for precooling and packaging treatments on PLW were
observed both under ambient and refrigerated storage

environments.

Minimum .PLW, among precooling treatments, under
ambient temperature storage was recorded in Cy (contact

icing). Maximum PLW was recorded in C, (tap water) which was

1

(cold water). Treatments C, and C, was

on par with C 1 5

2

folloWed by C, (control).

4



fable 15. Influence of precoeling and packaging treatments on PLW {%) in chilli

l15a.

Main effects

100

Days after storage

[TOBLMENED — === == e e e e e e e o e e e e e e e e e e e o e T S S TS m S e Seso T

P2
Precocling
<y 0.96
<, 1.02
C3 0.74
Cy 0.87
Packaging
Py 0.52
P, 0.57
Py ' 1.6%
Py 0.95
Ps 0.44
Pe 0.37
Py l.02
Pg 1.66

0.82

2.19

0.69

1.97

2.53

1.18

2.88

3.38

3.67

3.61

2.84

2.15

0.92
0.79

06.80

1.97

1.46

1.36

1.05

1.09

3.18
2.64
1.90
2.04

4.67
3.48
2.37

2,86

1.81

3.89

4.75

2.36

3.39

2.15

4.66

5.07
3.58
3.78

3.03

8.29

4.18

3.38

3.89

1.91¢
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Table 15b. 1Interaction effects

D, D, Dy P21 Opy

Precooling x Packgging

CyPy O.Si 0.82 1.47 1.51 0.61 .93 2.57 3.59 4.62 5.60 5.39 6.15
C,Py 0.50 0.92 1.27 2.54' 1.25 1.87 1.88 1.88 2.09 2.8% 4.37 4.37
C3Py - .39 0.50 0.53 1.30 0.28 0.33 0.35 0.45 0.56 0.63 0.85 1.38
C4Pl‘ 0.66 0.91 1.05 1.82 0.50 0.84 1.28 1.3 1.36 1.45 1.52 1.60
C1P2 0.4? 1.42 2.84 3.46 0.76 1.5? 2.86 4.34 5.11 5.31 5.43 5.57
c,P, 0.60 0.62 1.01 1.58 0.95 1.87 1.87 3.10 3.16 3.82 5.58 5.58
C,yP, ) 0.51 0.61 0.62 0.76 0.38 0.51 0.63 0.92 1.81 1.93 1.93 1.93
C4P, 0.62 .72 0.90 1.46 0.62 0.81 1.42 1.44 2,27 2.47 2,49 2,51
CP;y 1.91 2.87 3.51 4.48 1.30 2.92 3.88 5.17 6.65 7.?9 8.81 9.93
c2§3 2.45 2.46 3.68 4.91 1,22 2.52 3.19 4.28 4.91 5.53 6.77 6.87
CyP,y 0.76 1.51 2.20 3.77 0.82 .90 1.94 3.2) 3.87 4.50 4.50 4.51
C4Py 1.47 1.92 2.24 3.65 0.94 1.52 2.24 2.89 3.21 3.85 4.18 4.49
C P, 0.60 1.21 2.47 4.99 1.22 2.56 4.48 6.41 7.18 9.28 11.50 12.17
Czi’q 1.07 1.84 3.07 1.29 1.22 2.47 4 32 4.94 6.67 9.24 10.26 11.85
C3P4 0.41 0.97 1.91 3.17 0.65 1.27 2.59 3.81 4.45 5.74 6.72 7.37
C4Py 1.33 1.55 . 2.80 3.43 0.83 1,27 2.55 3.82 4.78 6.37 6.58 7.96
C,Pg 0.39 0.83 1.28 2.24 0.56 1.26 1 95 3.89 1.10 4.49 4.97 5.46
C,Pg 0.61 0.83: 1.91 3.18 0.39 0.72 1l 44 1.44 1.83 2,18 2.56 3.32
C3P5 0.65 0.68 0.98 1.34 0.64 0.74° 1 51 2.60 2.61 2,62 J.11 4.10
CyPy 0.13 0.44 1.26 1.85 0.72 1.47 1.48 1.48 1.94 1.95 1.95 1.95
EyPg 0.31 1.90 1.91 1,92 ° 0.73 1.51 2.1§ 2.44 3.28 3.47 5.48 5.86
P 0.35% 0.55 0.63 2,52 0.52 0.79 1.90 2.54 3.30 3.59 4,25 4.64
:3P6 0.31 0.48 0.97 1.94 0.38 0.65 0.96 1.99 2.00 2.12 2.32 2.34
“aPg 0.49 0.70 0.88 2.19 0.43 1.43 1.44 1.89 1.90 2.53 2.55 2.55
1P, 1.60 2.24 3.21 4.49 1.91 2.55 3.82 :5.73 7.64 $.79 10.32 11.85
:2P7 0.94 ' 2.21 3.46 4.42 0.82 2.01 2.75 4.04 5.12 6.14 7.52 9.57
4Pq 0.98 1.96 2.62 3.60 1.29 2.60 3.60 4.55 5.20 5.86 6.25 7.95



-_...-—_—__——-—_-—_-—_--_______-_....__-__..__-._-.-.__.._--——-—_--__-.__.._____...__.._-—_--._--._-_-—-._——_—--—-

e el tamerinene e e T
Ambient temperature 8torage Refrigerated Storage
Dy Oy Pg Py P3 Pg P9 P12 B by, Pa1 Dy

CqP7 0.57 .45 2.23 J.82 1.30 3,80 3.83 4 44 1.45 5.69 5.70 6.21
CIP8 1.92 2.22 3.aq8 5.36 1.26 2.53 3.74 5.73 6.88 7.96 8.90 9.33
CZPB 1.65 2.00 3.94 5.93 1.01 1.83 3.74 5.63 6.07 7.32 8.07 8.82
C3P8 1.48 1.62 2.58 3.55 0.63 2.58 3.87 4.s51 5.80 5.81 5.82 6.45
C4P8 1.60 2.21 3.51 4.46 0.62 1.06 1.94 2,59 3.47 5.17 5.81 6.45
CD for

Precccling (c¢) 0.16+ 0.23»

Packaging (p) 0.20+ 0.39+

CxpPp NS NS

Significant at 5 per cent
level

Mean temperature during
experiment period

Maximum temperature 32.4°¢C 11.6°¢C
Minlmunm Lumpuracurg 24, 1ve 8.9e¢C
Mean relative humidicy
during experiment period 80.2% 61.4%
€y - Precooling with tap water C3 = lrecooling by contact icing
CZ - Precooling with cold water C4 - tontrol

P| - Polyethylenc bags of 100 yauge without ventilation.
P2 - Polyethylene bags of 200 gauge without ventilation

P3 - P1 with 0.5 Per cent ventilation

>4 - P2 with 0.5 per cent ventilation

‘s =~ Polypropylena bags of 100 gauge without ventilation
'6- Polypropylene bags of 200 gauge without ventilation

'y - Po with 0.5 per cent ventilation

'g = Pe with 0.5 per, cent ventilatjion

I
. — ' + “ - o
27 DJ. ............... Dn n* NDays afeer Storage



Plate 10. Type of spoilage in chilli
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With respect to packaging treétments, under ambient
temperature storage, minimum PLW was recorded in Py (100 gauge
PE, unventilated) which was on par with P6 (200 gauge PP,
unventilated), P, (200 gauge PE, unventilated) and P5 (100

ganqge PP, unventilated). Maximum PLW was recorded in P8 {200

gauge PP, ventilated}.

In the case of refrigerated storage, minimum and
f
maximum PLW, among precooling treatments, was recorded in C3

(contact icing ) and Cy (tap water) respectively.

Among packaging treatments, under fefrigerated
storage, minimum PLW was recorded in Py (100 gauge PE,
unventilated) which was on ipar with P5 (100 gauge PP,.
unventilated) and Peo (200 gauge PP, unventilated}. Maximum

PLW was recorded in P, (200 gauge PE, ventilated).

4

The interaction had no significant effect both under

ambient and refrigerated storage environments.
4.2.3.2 Unmarketability

Data on unmarketability as influenced by different
precooling and packaging treatments are presented in Table 16.
. Type of spoilage leading to unmarketability of packaged chilli

is ?resented in Plate 10.
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Influence of precooling and packaging treatments cn unmarketability (%) in chilll

16a. Main effects

Table 16.
Treatmants
Dg

Precooling
C1 18.38
{24.12)
c, 12.00
(r17.49)
C3 2.25
( 4.41)
C4 3.13
{.5.53)

Packaging’
P1 12.75
(17.48)
P2 15.25
{1t.,49)
Py 7.25
(11.20)
P4 7.75
(11.37)
Ps B.25
{12.50)
P6 7.75
(11.60)
P7 5.50
{9.14)
P8 8.50
(13.05}

49.88
(45.02)

42.38
(40.48)

16.50
(21.38)

22.50
(27.24)

40.25
(39.15)

40.00
(37.84)

30.25
(32.10)

28.51
(29.51}

35.50
(36.16)

36.25
{36.67)

27.50
(29.67)

25.25
{26.57)

-Days after storage

o T T e e e e o e e e e 7 = o i e o Tl b e = A A o . e = o = - —

34.139
(34.57)

27.19°
{28.98)

9.383
(12.50)

12.81°
(16.38)

26.50°
(28.31)

27.63°
(26.16)

18,752
(21.64)

18.13%
(20.44)

21.88°
(24.26)

22.00"
(24.14)

16.50°
(19.40)

16.88°2
(19.82)

90.13
v74.18}

82.50
166.81)

-21.38
125.26)

23.13
127.48})

52.75
{48.36)

59.50
(53.72)

45.75
(39.71)

55.75
{49.83)

51.00
(44.40)

35.25
(49.73)

33.50
(46.49)

10.75
(35.22)

96.25
(81.86})

92.00
(76.47)

41.00

(39.53).

44.50
{43.62)

62.00
(57.95)

73.25
(63.81)

60.75
(55.25}

70.00
(61.23)

68.00
(58.13)

68.25
(59.77)

68.75
(59.50)

56.50
(31.32)

93.199
(78.03)

87.25%
(71.64)

31.18°
(32.40)

33.82°
(35.55)

57.38°
(53.16)

66.38°¢
(58.78)

53.25P
(47.48)

62.889
(55.53)

59.50°
(51.27)

61.75%
(54.76)

61.139
(52.99)

48.63%
(43.27)
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Table 16b. Interaction effects

Treatments ---—=-====-- T T T S e e e e e e e e e et et A rmm——————
Ambient temperature storage Refrigerated storage
Pg Og D1g 21
Precooling x Packaging TTTTTTTTTmTImmmmmmeeee
C,Py 21.00 (27.13) 50.00 {45.02) . 27.00 (83.77) 98.80 (B6.55)
Czl?1 20.00 (26.33) 51.00 (45.62) ¥3.00 (78.60) 98.00 (84.88)
C3P1 A.OO { 7.25) 25.00 (29.86) 13.00 (20.18) 31.00 (33.49)
C4Pl 6.00 ( 9.23) 35.00 (36.09) 6.00 (10.89) 21.00 (27.08)
C, P, 33.00 (34.87) 72.00 (58.56) 96.00 (81.19) 95.00 (80.32)
Czpj 22.00 (27.77) 56.00 (48.55) 32.00 (73.81) 98.00 (84.88)
C3P2 4,00 ( 7.49) 15.00 (20.29) £2.00 {27.95) 44.00 (41.57)
Cqu ‘ 2.00 (3.83) 17.00 (23.94}) 28.00 (31.94) 56.00 {48.50)
C1P3 14.00 (19.72) 45.00 (42.02) 81.00 (64.41) 95.00 (78.60)
C2P3 11.00 (17.40) 43.00 (40.87) 90.00 (72.41) 96.00 (B81.19)
C3P3 2.00 ( 3.83) 14.00 (19.72) 8.00 (14.55) 2€.00 (30.61)
C.P3 2,00 ( 3.83) 19.00 (25.69) 4.00 ( 7.46) 26.00 (30.58)
€y Py 21.00 (206,90) 48.00 (43.78) 89.00 (72.79) 97.00 (83.77)
C,P, 7.00 (12.01) 28.00 (31.64) 347.00 (68.99) 94.00 (77.49)
C4P, 1.00 ( 2.73) 9.00 (13.75) 20.00 (26.33) 42.00 (40.36)
C,P, 2.00 ( 3.83) 13.00 (19.03) 27.00 (31.23) 47.00 (43.29)
C,Pg 13.00 (18.85) 44,00 (41.52) 30.00 (73.89) 96.00 (81.19}
C2P5'_ 10.00 {16.53} 42,00 {(40.36) 62.00 {52.06) 80.00 (63.83)
C3P5 2.00 ( 3.83) 24.00 (29.21) 47.00 (43.28} 69.00 (56.29}
C4P5 2.00 ( 3.83) 28.00 (31.94) 5.00 ( 8.38) 29.00 (31.21}
CyPg ' 18.00 (24.99). 50.00 (45.02) 91.00 (74.42) 97.00 (B82.29)
CZPG 5.00 ( B.36) 33,00 (34.93) 90.00 (71.83) 94.00 (77.49)
CaPe 3.00 ( 4.71) 77.00 (30.70) 15.00 (22.68} 32.00 (34.34)
C4P6 5.00 { 8.36) 35.00 (36,02) 25.00 (29.97) 50.00 (45.02)
CyPq 12.00 (17.97) 45.00 {42.,09) 91.00 (74.77) 95.00 (80.08)
C,P, 7.00 (12.01) 38.00 (37.94) 75.00 (60.45) 91.00 (74.65)
cyPy 1.00 ( 2.73) 12.00 (18.28) 13.00 (40.76) 64.20 (53.28)
C4P7 2.00 { 3.83) 15.00 (20.36) 5.00 (10.01) 25.00 (29.97)
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Table 16b. (Contd.)

T RAEMENE S  ——— v e e e e e e e e e L e e e e e e e e oo
Ambient temperature storage Refriyerated storage
%6 Og C18 3
ClPB 15.00 (22.50) 45.00 (42.14) 86.00 (68.23) 97.00 (82.29)
C,Pg 14.00 (19.49) 48.00 (43.77) 69.00 (56.29) 85.00 (67.36)
€,y 1.00 ( 2.73) 6.00 { 9.23) 3.00 { 6.35) 20.00 (26.33)
C4Pg 4.00 ( 7.49) 18.00 {(24.81) 5.00 {10.01} 24.00 (29.28)
Cp for
l Precooling (C) 3.29* 2.&2*
Packaging (P) 4.66* 3.71+
cxp | N.S N.S

* Significant at § per cent
level

Mean temperature during
experiment period

Maximum temperature 32.4¢°C 11.6°C
Minimum témperature 28.1¢C 8.9°C
Mean relative humidity during . 80.23% 61.4%

experiment period

C1 - Precooling with tap water 3 Precooling by contact icing

C2 - Precooling with cold water i Control

Pl.- Polyethylene bags of 100 gauge without ventilation
P, - Polyethylene bags of 200 gauge without ventilation
Py - Py with 0.5 per cent ventilation
P4 - P2 with 0.5 per cent ventilation
P5 - Polypropylene bags of 100 gauge without ventilation
96- Polypropylene bags of 200 gauge without ventilation
97 - Ps with 0.5 per cent ventilation

Py = PG with 0.5 per cent ventilation

D DB‘ e e B - 'n' Days after storage

6’ n

-

Figures in bracket indicates transformed values,
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Significant differences were observed among various
precooling and packaging treatments both under ambient and

refrigerated storage environments.

In the case of ambient temperature storage, among
precooling treatments minimum unmarketability was recorded in

C (contact icing). Maximum unmarketability was recorded in

3

C, (tap water).

1

Among packaging treatments, under ambient temperature
storage, minimum unmarketability was recorded in P, (100 gauge
PP, ventilated) which was followed by Pg (200 gauge PP,
ventilated), P, (200 gauge PE, ventilated) and Py (100 gauge
PE, ventilated). Treatments P PB’ P4 and P3 were on par
with each other. Maximum unmarketability was recorded in P2

{200 gauge PE, unventilated).

With regard to refrigerated storage, minimum
unmarketability, among prgcooling treatments was recorded in
C3 kcontact icing) thch was significantly superior to all
other treatments. Maximum unmarketability was recorded in Cl

{tap water).

In the case of packaging treatments, undarx
refrigerated storage, minimum unmarketability was recorded in

P (200 gauge PP, ventilated). Maximum unmarketability was

8
recorded in P, (200 gauge, PE, unventilated).
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The interaction of precooling and packaging had no

significant effect under both the storage environments.

4.2.3.3 TLength of storage life

Data on storage life as influenced by precooling and
packaging treatments are presented in Table 17. Precooling
and packaging treatments had significant effect both under

ambient and refrigerated environments.

Among precooling treatments maximum shelf life under
ambient temperature storage, was recorded in C3 (contact

icing). Minimum shelf life was recorded in Cl'(tap water).

Maximum shelf life among packaging treatments, under
ambiept_temperature storage, was recorded in P4 (200 gauge PE,
venti}ated) followed bg P7 {100 gauge PP, ventilated), P8 (200
gauge PP, ventilated) and P, (100 éauge PE, ventilated).
Treatments P4, P7, P8 and P3 were on par. Minimum shelf 1life
was recorded in Py (100 gauge PE, unventilated) which was on
par with P, (200 gauge PE, unventilated), Py (100 gauge PP,

unventilated) and Pe (200 gauge PP, unveritilated).

With respect to refrigerated storage, maximum shelf
life among precooling treatments was recorded in C3 {(contact

icing). Minimum shelf life was recorded in Cl (tap water).
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lable 17. Storage life (days) of chilli as influenced by precooling and packaging treatments

*recooling Ambient temperature storage Refrigerated storage
b4 - — T = = —— i A e S WE G W M et R W A MR R ER M e e e e e e S SR N SR AR A A TR R R R R e S e WD W e T
’ackaging C1 C2 C3 Cy Mean <y 02 Cq C‘ Mean
Py 4.40 4.60 6.00 5.50  5.13° 6.60 10.60 21.20 20.20 14.65°
P2 3.60 4.60 6.60 6.10 5.23b 7.80 6.80 17.80 18.40 14.70b
P3 5.00 5.40 6.60 6.10 5.78% 7.60 10.20 21.20 20.20 14.80b
P4 4.40 6.00 7.20 6.90 6.13° 8.40 7.80 18.40 19.20 13.45c
P 4.80  5.20  6.00 5.70  5.43° 8.50 14.20 20.80 15.20 14.65°
P 4.60 5.60 6.00 5.50 5.43° 6.0 .8.20 18.60 19.80 13.38°
P, 5.00 5.40 6.80 6.70 5.96% ; 8.50 11.60 22.20 17.00 14.85P
Py 4.80 5.00 7.20  6.90 5.96°  10.40  8.40 22.35 22.10 15.81°
Mean a.58%  5.24° 6.56% 6.18° 8.119  9.73% 20.30% 15.01P
Ch for
Precooling (C) 0.35* 0.30+
Packaging (P) 0.46* 0.47+
Cx P N.S N.S
* Significant at 5 per cent
level
Mean storage life of 3.4 days 4.8 days
control samples
Mean temperature during
experinent poricd
Maximum temperature 3z2.4°C 11.6°C
Minimum temperature 28.1¢°C B.9°C

Mean relative humidity
during experiment period 80.2% 61.4%

Cl - Cd' - Precooling treatments

Py = Pg - Packaging treatments
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Among packaging treatments, under refrigerated
storage, maximum shelf life was recorded in P8 (200 gauge PP,
ventilated). Minimum shelf life was recorded in P, (200 gauge
PP, unventilated) which was on par with P, {200 gauge PL,

ventilated).

The interaction of precooling and packaging had no

significant influence under the two storage regimes.

A

4.2.3.4 Consumer acceptability

Results of the consumer acceptability rating of the
precoocled produce in different packages are presented in
Table 18. Significant difference 1in acceptability was
observed among precooling and packaging treatments both ﬁnder

ambient and refrigerated storage environments.

Among precooling treatments, under ambient temperature
storage, best acceptability was obtained for C3 (contact
icing). Among packaging treatments, treatments P, (109" gauge
PP, véntilated), P8 ﬁ200 gauge PP, ventilated), P3 (100 gauge
PE, ventilated), Pq'(ZOO gauge PE, ventilated) were rated as

best and equally acceptable.

With respect to refrigerated storage, best

acceptability, among precooling treatments was obtained for C3
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Table 18. Consumar acceptability of chilli as influanced by procooling and packaglng treatmants

18a. Maln offects

TroatMEents ~-=="rweremccccccccccosemee——————— -

Days after storage

Precooling
C1 2.63 3:05 4.13
<, 2.50 2.98 3.80
C3 2.13 2.65 3.05
c, 2.20 2.73 3.08

Vaakagling
Py 2.60 3.00 3.85
Pz 2.30  2.9%0  3.75
P3 2.35 2.90 3.35
P, 2.20 2.50 3.30
Py 2.50 3.00 3.50
Pe 2.45 3.00 3.55
P7 2.35 2.75 3.30
Pa 2.15 2.75 3.50

4.85

1.95

1.85

Refrigerated
P12 Pis
4.80 5.00
4.30 4.75
2.30 2.90
2.38 2.93
3.35 3.85
3.55 a.oo
3.25 3.80
3J.55 4.00
3.35 13.70
3.85 4.00
3.30 3.90
3.35 3.90

storage
Dig P21
5.00 5.00
4.95 5.00
3.28 3.73
3.00 4.15
4.00 4.20
.00 4.85
4.00 4.35
4.00 4.85
4.25 4.55
4.00 4.50
4.20 4.45
4.00

£.00

5.00

4.70

4.75
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Table 18b. Interaction effects

T CatmMeNt S  m - m e oo oo o e e e e e —————————
Ambient temperature Storage Refrigerated storage

e S2: . Pal P P S S S T & e TS Y-S Y S Y W
Preccoling x Packaging

Py 2.80 3.00 4.40 5,00 2.00 3.00 4.40 5.00 5.00 S5.00 5.00 5.00
C,Py 2.60 3.00 4.40 5.00 1.80 2,60 3.00 4.40 5.00 5.00 5.00 5.00
C4Py 2.40  3.60 3.20 4.20 1.00 1.40 2.00 2.00 2,80 3.00 3.40 4.40
C,Py 2.60  3.00 3.40 4.60 1.00 1.40 2.00 2.00 2.60 3.00 3.40 4.60
c,P, 2.60 3.40 4,60 5.00, 2.200 3,00 4.20 5.00 5.00 S5.60 5.00 5.00
<P, 2.60 3.00 4.40 5.00 2.40  3.00; 4.40 5.00 5.00 5.00 5.00 5.00
c,P, 2,00 2.60 3.00 3.80 1.00  1.40 2.00 2.00 3.00 3.00 4.60 5.00
C,P, 2.00 2.60 3.00 4.00 1.00 1.60 2.00 2.20 3.00 3.0C 4.80 5.00
CyPy 2.60  3.00 3!&0 5.00 2.00 3.00 4.00 S5.00 5.00 3.60 5.00 5.00
C,Py 2.60 3.00 3.60 5.00 1.80 2.60 3.00 3.80 4.80 5.00 5.00 5.00
C4P 2.00 2.60 3.00 3.80 1.00 1.00 2.00 2.00 2.60 3.00 3.80 4.60
C,P5 2.00  3.00 3.00 4.20 1.00 1.40 2.00 2.20 2.80 3.00 3.60 4.80
C,P, 2.80 3.00 4.20 5.00 1.40  2.40 3.40 5.00 5.00 5.00 5.00 5.00
C,P, 2.00  2.80 3.20 4.20 1.60 2.60 4.00 5.00 5.00 5.00 5.00 5.00
c,P, 2,00 2.20 3.00 3.60 1.00 1.20 2.00 2.00 3.00 3.00 4.60 5.00
C.Py 2.00 2.00 3.00 3.60 1.00 1,20 2.00 2.20 3.00 3.00 4.80 5.00
C,Pe 2.60 3.00 4.20 4.80 2,00 3.00 3.80 4.80 5.00 5.00 5.00 5.00
C,Pg 2.60 3.00 3.80 4.80 1.60 2.20 3.00 3.00 3.60 4.60 5.00 5.00
CyPy 2,40 3.00 3.00 4.80 1.60 2,00 260 3.00 3.20 4.40 5.00 5.00
C P 2.40  3.00 3.00 4.80 1.40 2,00 200 2,60 3.00 3.00 3.20 4.20
P, 2.80 3.00 4.40 5.50 2.00 3.00 4.80 5.00 5.00 5.00 S5.00 5.00
C,Pe 2.60 3.00 3.40 5.00 2.00 3.00 3.80 5.00 5.00 S5.00 5.00 5.00
Cyig 2,20 3,00 3.20  4.40 1.00  1.60 2.¢U0 2.40 3.00 3,00 4.00 5.00
C,Pg 2.20  3.00 3.20 4.20 1.00 2.00 2.40 3.00 3.00 3.00 4.00 5.00
c, P, 2.60 3.00 3,60 5.00 2.00 2.80 3.40 4.60 5,00 5.00 S5.00 5.00
C P, ' 2.60 3.00 3.60 4.60 1.60 2.20 3.00 3.20 4.60 5.00 S.00 5.00
C4P, 2.00 2.40 3.00 3.80 1.00 1.60 2.20 3.00 3.00 3.80 4.80 5.00
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Table 18b. {Contd.)}

TrEALM@NED — === === e e e e o e e o e e e o e o e e e e e e e e S S m oo - oo
Ambilent temperature storage Rafrigerated storage

e %2 .2 Te 8. SR T SO ¥ S Y-S Y- S+ S I
C4P7 2.20 2.60 J.oo 4.00 1.00 1.20 2.00 2.40 3,00 3.00 3.00 4.20
C,\ Py 2.20 3.00 4.00 5.00 1.40 2,40 3.00 4.00 5.00 5.00 5.00 5.00
CZPB 2.40 3.00 4.00 4.80 1.60 2.60 3.60 5.00 5.00 5.00 5.00 5.00
C3|’a . 2.00 2.40 3.00 3.40 1.00 1.00 2.00 2.00 2.60 3.00 3.00 4.00
C4Pa . 2.00 2.60 3.00 4.40 1.00 1.40 2.00 2.40 3.00 3.00 3.00 4.80
Cn for

Precccling (C) 0.11% 0.06~

Packaging (P) 0.14* 0.08+

C x P. R.S N.S

* Significant at 5 per cent level
Five point scale for consumer acceptability
l. Acceptable fully 2. ~Acceptable somewhat,
3. Neither acceptable non unacceptable 4. Unacceptable scmewhat

5. MNot acceptable

C, - Precooling with tap water Cy - Precooling by contact icing

C. - Precooling with cold water C, - Control

Pl - Polyethylere bags of 100 gauge without ventilation
P, - Polyethylene bags.of 200 gauge without ventilation -
Py = by with 0.5 pur cent ventfilatlon

P, - P2 with 0.5 per cent ventilation

PS - Polypropylene bags of 100 gauge without ventilation
P6- Polypropylene bags of 200 gauge without ventilation

97 - P5 with 0.5 per cent ventilation

Pg - Pg with 0.5 per cent ventilation

2t 03, ............ ... D =~ 'n' Days after storage
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(contact icing). Among packaging treatments, chillies packaged

in véntliated 200 gauge PP (P8) had the highest acceptability.

The interaction of precooling and packaging had no
significant effect both under ambient and refrigerated storage

environments.

4.2.4 cCowpea (Vigna unguiculata (L.) Walp.)

A view of cowpea packaged in polymeric films are

presented in Plate 11.
4.2.4.1 Physiological loss in weight

Data on PLW as influenced by precooling and packaging
treatments are presented in Table 19. Precooling and
packaging treatments differed significantly both under ambient

and refrigerated storage environments.

Among precooling treatments, under ambient temperature
storage, minimum PLW was recorded in Cy (contact icing).
Maximum PLW was recorded in C.2 (cold water) which was on par

with G (*ap. water).

Amony packaging treatments, under ambient temperature
storage, minimum PLW was recorded in Pg (100 gauge PP,
unventilated) which was followed by Py (100 gauge PE,

unventilated) and Pe (200 gauge PP, unventilated). Treatments
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Table 19. 1Influence of precovling and packaging treatments on PLW (%) in cowpea

lYa. Main offooln

Days after storaye

A meNt S oo e e
Ambient temperature storage Refrigerated storage
Dl 02 D3 Mean D3 06 D9 012 Mean
Preccoling
¢, 1.47 2.20 3.22 2.30°% 1.58 3.28 4.70 6.33 3.89°
e, 1.34  2.26  3.41 2.43° 0.80 1.87 3,30 4.97 2.50
cy 0.64 0.87 1.79 1.112 1.24 2.52 3.54 4.59 2.99P
c, 0.91 1.83 2.68 1.81° 1.33  2.10  3.47 4.49 2.85°
Puckoylng
P 0.76 0.78 1.14 0.89° 0.58 0.95 1.51 1.62 1.16%
", 0.78  1.2¢  1.62 1.22° 0.43 0.64 0.96 1.21 p.41°
'y .17 2.y 451 . 2.4 1.71 3.84 5.97 7.89 4.85°
P, 2.08  3.33  4.46 3.29% 2.29 4.49 6.88 9.25 5.739
Py 0.62 0.74 1.29 0.882 0.63 0.98 1.77 2.08 1.37°
P 0.63 0.81 1.57 1.01% 0.59  0.90 1.39 1.48 1.09%
P., 1.29  2.15  3.s8 2.4 1.48 3.50 5.72 7.24 4.49°
ve 1,55 3,02  4.15 2.919 1.67 3.69 5.30 7.22 4.47°
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Table 19b. Interaction effects

Preccoliny x Packaging

C,Py 1.09. 1.13 1.18 0.79 1.60 1.61 1.62
C,Py 0.36 0.47 0.70 0.€8 1.01 2.01 2.10
SN 0.10 0.39 0.48 g.t2 0.56 0.86 0.98
c,Py 0.66 1.02 1.86 0.:2 0.62 1.59 1.78
P, 1.36 1.91 1.92 0.54 0.73 1.03 1.20
c,P, 0.45 0.67 1.32 0.48 0.62 1.10 1.18
4P, 0.36 0.53 1.09 0.33 0.49 0.350 0.55
C4Ps 0.98 1.96 2.15 0.36 0.73 1.23 1.89
Py 2.05 3.29 4.68 2.02 5.32 7.29 10.05
C,Py 1.03 2.99 4.44 1.:3 3.36 5.40 6.72
CyPy 0.89 1.82 3.60 1.97 3.64 5.96 7.93
C,Py . 0.7z - 2.99 5.34 1.52 3.04 5.25 6.86
P, 2.45 4.15 5.39 3.62 7.24 9.39 11.46
C,P, 2.91 459 5.75 0.£9 1.36 4.24 5.54
c,P, 1.55 2.32 3.35 2.71 6.44 9.19 12.81
C,P, 1.41 2.24 3.36 1.565 2.92 4.71 7.20
C,P¢ 0.62 0.77 1.84 0.76 1.43 2.7 3.03
C,P¢ 0.71 0.72 1.32 0.53 0.99 1.54 2.09
C4P¢ 0.10 0.18 0.37 .0.53 0.80 0.9% 0.99
C P 0.80 1.63 1.63 0.72 0.78 1.82 2.82
C, P, 0.65 0.94 1.88 0.78 0.84 1.93 2.02
C,Pg 0.19 0.55 1.32 0.51° 1.06 1.11 1.19
C4Pg. 0.%4 0.74 1.16 0.438 0.54 0.48 0.89
C,Pe 0.79 1.38 1.95 0.60 1.18 1.67 1.81
'clp7 2.17 2.78 4.09 2.09 4.84 7.76 10,25
P, 1.31 3.23 5.65 0.71 2.96 5.42 6.23
4P, 0.63 0.86 1.76 1.33 2.94 4.60 6.03
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Table 19b. (Contd.)

Treatments = = <o oo oo oo e e e e e e e e e R e re—ssrseaem—an
Ambient temperature Storage Refrigerated storage
Oy P2 P3 L3 B¢ By P12

C4Py 1.07 1.74 2.81 1.70 3.23 S5.10 6.46
ClPé 2.44 4.41 4.89 2.03 4.25 5.83 8.64
C,Pq 2.33 5.24 6.98 1.53 3.82 5.99 7.63
CBPB 0.59 0.74 2.36 2.05 4.72 5.347 7.29
C‘PB 83 1.89 2.37 R 1.99 4.02 5.32
CDh for

Precccling (C) 0.22+ 0.33+

Packaging (P) 0.30* 0.50+

cox v N.S N.S

* Significant at 5 per cent
lovel )

Mcan temperature durlng
experiment period

taximum temperature 32.8°C - 11.2°¢C
Minimum temperature 27.8°¢C 9.1°C

Mean relative humidity

during experiment period 79.6% 60.3%
Cl - Precooling with tap water C3 -~ Precooling by contact icing
c, - Precooling with cold water C, - Ccntrol

Py - Polyethylene bays of 100 gauge without ventilation
P, - Polyethylene bags of 200 gauge without ventilation
Pq - P1 wiih 0.5 per cent ventllatlion

P, = P, with 0.5 per cent ventilation

PF - Polypropylepe bags of 100 gauge without ventilation
P, - Pnlyprupyleﬁe bagys of 200 gezuge without Ventilationl.
by Mg with U.b per cunt ventilation

Pg = PG with 0.5 per cent ventilatior

LS LI D, - 'n' Days after storage



Plate 11. Cowpea packaged in polymeric films
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PS‘ p and P_ were on par. Maximum PLW was recorded 1in P4

1 6
(200 gauye PE, ventilated).

In the case of refrigerated storage, C2 {cold water)
recorded the minimum PLW among precooling treatments. Maximum

PLW was recorded in Cl (tap water).

Minimum PLW ° among packaging treatments, under
refrigerated storage 'was record?d in P, (200 gauge PE,
unventilated) which was on par‘ with Pe (200 gauge PP,
unventilated} and Pl (100 gauge PE, unventilated). Maximum

PLW was recorded in P, (200 gauge PE, ventilated).

4

The interaction of precooling and packaging had no
significant effect both under ambient and refrigerated storage

environments.
4.2.4.2 Unmarketability

Data on unmarketability as influenced by precooling
and packagiﬁé treatments are presented in Table 20. Type of
spoilage leading to ‘unmarketability of the packaged produce
under ambient and refrigerated storage environments are

presented in Plates 12 and 13.

In the case of ambient temperature storage significant

difference in'unmarketability was observed only in the case of

packaging treatments. Minimum unmarketability, among



Table 20.

Precooling

Cr

Packaying

Py

20a.

18.88
121.89)

27.38
{(31.16)

6.25
{ 8.78)

25.13
(28.34)

25.75
(28.29)

18.00
(23.02)

22.00
(25.22)

16.50
(20.28)

20.70
(23.23)

20,25
{23.40)

15,25
{(17.91}

18.00
(19.86)

Main effects
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Influence of precooling and packaging treatmente on unmarketability (%) in cowpea

53.88
(46.99)

65.88
(54.42)

33.38
(35.11)

61.38
(51.73)

62.75
(52.61)

59.75

(50.89)

55.00
(47.89)

47.50

{43.40) -

50.70
(45.65)

55.25
(48.12)

46.50
(42.89)

51.75
(46.05)

Days after storage

36.13
(34.44)

46.63
(42.79)

19,81
(21.94)

43.25
(40.04)

44.25°%
(40.50)

38.88%
(36.95)

38.50P
(36.56)

32.00°
(31.84)

35.70°
(34.44)

37.75P
(35.76)

30.88°
{30.40)

34.38%
(32.96)

21.00
(24.39}

18.25
(22.90)

l13.00
(16.42)

; 18.75
(23.58)

15.00
(18.17)

2.25
( 4.43)

27.25
(31.37)

24.00
(29.14)

15.00
{23.18)

8.00
{11.79)

23.50
(28.05)

23.00
(28.456)

47.75
43.61)

42.00
40.23)

36.38
(36.43)

44.75
(41.91}

38.25
(37.07)

27.50
{31.58)

54.25
(47.48)

49.50
(44.73)

44,50
(41.74}

32.50
(34.61)

47.75
{(43.58)

47 .60
(43,55}

34.38°
{33.99)

30.13°
(31.57)

24.69%
(26.43)

31.7sP
(32.74)

26.63°
(27.62)

14.882
(18.01)

10.75°¢
(39.42)

36.75%
(36.43)

31.759

- (32.46)

20.25P
(23.20)

35.63¢
(35.81)

35.25°%
(36.00)
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Table 20b, Interaction effects

Preccoling x Packaging

Clpl 23.00 (25.94) 61.00.(51.54) 3.00 { 6.35) 25.00 {29.97)
C2P1 32.00 (34.45) 75.00 (60.19) 30.00 (33.17) 57.00 (49.07)
CJIJl 17.00 (1y.35) 48.00 (43.73) 3.00 ( 2,.69) 17.00 (21.91)
qul 31.00 (33.84) 67.00 (54.98) 26.00 (30.47) 54.00 (47.34)
C1P2 21.00 (27.19) 71.09 (57.57) 2.00 ( 3.79) 29.00 {35.56)
C2P2 22.00 (27.88) 6?.00 {55.77) 3.00 ( 6.35) 26.00 (30.66)
C3P2 3.00 ( 6.35) 27.00 (31.27) 2.00 ( 3.79) 26.00 (30.66)
'C4P2 : 26.00 (30.66) 73.00 (58.93) 2.06 ( 3.79) 29.00 (32.56)
SIS 24.00 (26.58) 59.00 (50.132) 31.00 (33.81) 57.00 (49.05)
C2P3 27.00 (31.30) 63.00 (52.57) 26.00 (30.61) 53,00 (46.75)
C3P3 8.00 {10.41) 36.00 (36.69) 26.00 (30.47) 55.00 (47.92)
C4P3 29,00 (32.58) 62.00 (51.99) 26.00 (10.58) 52.00 (46.18)
ClP4 14.00 (17.37) 39.00 (38.39) 29.00 (32.48) . 57.00 (49.10)
CZP; 27.00 (31.30) 65.00 (5?.91) 28.0C (25.07) 39.00 (38.é1)
C3P4 2.00 ( 3.79) 24.00 (29.33) 29.00 (32.56) 59.00 (50.53)
C4Py 23.00 (28.64) 62.00 (51.98) 20.00 (26.44) 47.00 (43.29)
ClPS 17.00 (19.35) 44.00 (41.41) 30.00 (33.20) 58.00 (50.10)
CZPS 23.00 (25.97) 57.00 (49.09) 14.00 (19.78) 34.00 (35.58)
CJPQ 8.00 (16G.41) 36.00 (36.69) 7.00 ( 9.95) 31.00 (33.81)
Cyby 30.00 (33.20) 61.00 (51.42) 23.00 (29.78) 34.00 (47.34)
ClP6 16.00 (18.70) 51.00 (45.63) 15.00 (20.40) 12.00 (40.36)
CZPG . 2B8.00 (31.94) 65.0p (53.91) 6.00 { 9.19) 28.00 (31.74)
C3?6 7.00 { 9.77) 37.00 (37.39) 2.00 ( 3,79) 28.00 {31.94)
C4P6 30.00 {33.20) 58.00 (55.68) 9.00 (13.73) 32.09 (34.40)
ClP} ‘ 18.00 (19.95) 50.00 (44.99) 31.00 (33.81) 55.00 (47.91)
C2P7 2B.00 (31.94) 64.00 (53.18) 25.00 (29.78) 50.0% (45.01)
CyPy 3.00 ( 6.35) 28.00 (31.94) 12.00 (18.15) 30.09 (32.90)
CyPy 12.0C (13.36) 48.00 (44.03) 26.00 {30.47) $2.00 (46.17)



Table 20b. (Contd.)

Treatments =—-===-----cc-cm—c—crnmmmsae——ca— NN e e s e e s e ——— T mm e m e ———————
Ambient temperature storage Refrigerated storage
___________________ i S RSO SO ¥ S
C,Pg 18.00 (195.98) 52.00 (46.13) . 27.00 (31.23) 54.00 (47.33)
C,Pg 32.0C (34.45) 70.00 (56.85) 24.00 (29,28} 49.00 (44.44)
CJPH 2,00 ( 3.79) 31.00 (33.81) 25.00 (29.97) 49.00C (44.44)
C4Pg 20.00 (21.21}) 54.00 (47.41) 16.00 {23.37) 38.00 (37.97)
(N for
Precccling (C) N.S 2,32~
1 .
Packaging " (P) 4.71* 3.29%
Cx P N.S M.S
* sSignificant at S per cent
level
Mean temperature during
experiment period
Maximum temperature 32.8°C 11.2+%C
Minimum temperature 27.8°C g.1°cC
Mean relative humidity during 79.6% 60.31%
experiment pericd
¢ - Precooling with tap water (:3 - Precooling by coantact icing
C2 - Precocling with c¢cld water {4 — Control

Py - Polyethylene bags of 100 gauge without ventilation
P, - Polyethylene bags of 200 gauge without ventilation
P3 - P1 with 0.5 per cent ventilatjon
F, - P, with 0.5 per cent ventilation
PS - Polypropylene bags of 100 gauge without ventilation
P, - Polypropylene bags of 200 gauge without ventilation
P7 - P5 with 0.5 per cent ventilatior

F8 - P6 with 0.5% per cent ventilation

02. 03, ...... ISEAERE Dn - _q_.Dazi”pfter storage

* Flyures in brachet Indlecates trunsrformed values



Plate 12. Type of spoilage in cowpea under ambient
temperature storage

Plate 13. Type of spoilage 1in cowpea under
refrigerated storage
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packaging treatments, was recorded in P, (100 gauge PE,

ventilated) followed by P, (200 gauge PE, ventilated) and Pg

4
(200i gauge PP, ventilated). Treatments P., P, and Py were on
par with each other. Maximum unmarketability was recorded in

Py {100 gauge PE, unventilated).

With respect to refrigerated storage, significant
difference in unmarketability was observed among precooling
and packaging treatments. In! the case of precooling
treatments, minimum unmarketability was recorded in C3
(con?act icing). Maximum unmarketability was recorded in Cy
{tap water) . Among packagihg treatments, minimum
unma;ketability was recorded in P, (200 gauge PE,
urventilated) which was significantly superior to all other
treakments. Maximum unmarketability was recorded in P3 (100

gaug? PE, ventilated).

The interaction of precooling and packaging had no
signﬁficant- effect on unmarketability both under ambient and

refrigerated storage environments.
4.2.4.3 Length of storage life

Data on storage life as influenced by precooling and

packaging treatments are presented in Table 21.



lable 21.

Storayd life (days) of cowpea as Influenced

Precooling

123

by precooling and packaging treatments

Refrigerated storage

6,60

7.80

x e e it
Packaging < c, C3 c, Mean c,
P1~ 1.20 00 l.§0 1.00 1.20 9.60
P,y 1.40 .00 2.00 1.00 1.35 B.90
P3 1.20 .00 1.80 1.00 1.20 5.89
P4 1.60 .20 2.10 1.00 1.45 6.4
P5 1.40 20 1.80 1.00 1.35 6,69
P6 1.40 .00 1.80 1,00 1.30 7.82
P7 1.40 .00 2.00 1.60 1.50 |6.00
Pa 1.6¢C 1.40 2.00 1.00 1.50 6.49
Mean 1.40° 1.10° 1.88% 1.0s° 7.20°
cD for
pPrecccling i(C) 0.16*
Packaying (P} N.5
C x P N.S
* Siynificant at 5 PP cent
level
Mean storage life of 1 day
control samples
Mean temperature during
experiment period
Maximum temperature 32.8°C
Minimum temperature 27.8°C
Mean relative;humidity .
during experiment period 79.6%

C1 - C4

Py - Pg

- Precoclinc treatments

- Packaging treatments

C3 C4 Mean
b
11.00 6.80 8.50
9.50 8.70 8.90°
7.00 6.80 6.55%
5.60 7.40  6.809
8.60 6.80 7.55%
9.42 8.22  8.52°
8.20 6.80 7.00%
6.60 7.80 ¢.859
8.24%  7.42°
1.7 days
11.2°C
9.1°¢C
60.3%
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Perusal of data in Table 21 indicates that under
ambient temperature storage, significant differences in shelf
life was observed only among precooling treatments, with
maximum shelf 1life being recorded in C3 (contact icing).
Minimum shelf life was recorded in Cy (control) which was on

par with 02 ({cold water).

With respect to refrigerated storage, shelf 1life
varied significantly among precooling and packaging
treatments. Among precooling treatments maximum shelf 1ife

was recorded in Cy (contact icing). Minimum shelf 1life was

recorded in C1 (tap water). Among packaging treatments
maximum shelf 1life was recorded in P, (200 gauge PE,
unventilated). Minimum shelf life was recorded in P,y (100

gauge PE, ventilated).

The interaction had no significant effect both under

ambient and refrigerated storage environments.
4.2.4.4 Consumer acceptability

Results of the consumer acceptability rating of the
precooled cowpea in different packages are presented in
Table 22. sSignificant difference in consumer acceptability
among precooling and packaging treatments was observed only
under refrigerated storage with bestl acceptability bheing

recorded for C3 (contact icing) and P, (200 gauge PE,



Table 22. consumer acceptability of Cowpea as influenced by precoolin

*22a. Main effects
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Treatments

1 2 3
Precooling
< 3.ro 4.20 ‘s.go
c, .00 4.38  5.pp
Cy 3.00 3.68 4.48
<, 3.00 4.25 5,00
Packaginb
Py 3.00 4.15 4.80
P, 3.00 4.20 4.80
Py 3.00 4.05 4.75
Py 3.00  4.15 4.7¢0
Py 3.00 4,10  4.8p
Pg 3.00  4.20 4.75
P, 3.00 4.05 4.65
Py 3.00  4.10 4.7p

3.97

1.80

4.03

4.30

4.80
4.75

5.00

4.90

3.10%
3.40°



Table 22b. Interaction effects

Treatments e e
Ambient temperature storage Refrigerated storaye

Dy ©2 D3 Dy Dg By Dy,
Precooling x Packaging
c,P, 3.00 4.00 5.00 1.60 2.40 3.00 4.40
Py 3.00 4.20 4.80 2.20 3.00 4.40 5.00
4Py 3.00 4.00 4.60 1.00° 2.00 2.40 3.80
Cqu 3.00 4.40 4.80 2.00 2.80 4.00 5.00
P, 3.00 4.40 5.00 1.60 2.60 3.00 4.40
c,P, 3.00 4.20 4.80 1.60 2.40 3.00 4.40
C4P, 3.00 3.80 4.60 2.40 2.20 3.00 4.00
P, 3.00 4.40 4.80 1.80 2.40 3.00 4.00
P, 3.00 3.80 5.00 2.00 3.00 4.40 5.00
C,P, 3.00 4.40 4.80 2.2¢C 3.00 4.60 5.00
C4P - 3.00 3.60 4.40 2.0C 2.80 4.00 5.00
C,Py ' 3.00 4.40 4.80 2.20 3.00 4.20 5.00
GyP, 3.00 4.20 5.00 1.8¢C 3.00 4.40 5.00
C2P4 3.00 4.40 4.80 1.80 3.00 3.80 4.80
4P, 3.00 3.40 4.20 2.40 3.00 4.40 5.00
C,P, 3.00 4.60 4.80 2.00 2.80 3.80 4.80
c,Pe 3.00 4.40 5.00 1.6¢ 3.00 4.42 5.00
C,Pg 3.00 4.20 4.80 1.8C 2.80 3.63 4.60
C,4Ps 3.00 3.60 4.60 1.80 2.40 3.2) 4.60
C4Pe 3.00  4.20 *4.80 2.26 3.00 4.0) 5.00
C,Pg 3.00 4.20 . 5.00 1.80 2.80 3.69 4.60
C ke 3.00 4.60 4.80 1.80 2.60 3.20 4.40
C4Pg 3.00 3.80 4,60 1.60 2.20 3.00 4.00
C4P6 3.00 4.20 4.00 1.80 2.60 3.40 4.40
c) ¥y 3.00 4.20 5.00 2.20 3.00 1.60 5.00
c,P, 3.00 1.60 4.80 2.2( 2.80 4.00 4.80
4P, 3.00 3.60 4.40 1.8 2.80 3.60 1.80



Table 22b. (Contd.)

Treatments === -mmmmmmce o e m e e —————— e e
Ambient temperature storage Refrigerated storage
D D
IR SO 2. O i I i S P9 P12
R e L

Cy4Pq 3.00 3.80 4.40 2.4¢C 2.80 4.20 5.00
CIPB 3.00 4.40 5.00 2,20 3.00 4.80 - 5.00
C2PB 3.00 4.40 4.80 2.0¢C 3.00 4.60 5.00
C3P8 3.00 1.60 4.40 2.4¢ 3.00 4.60 5.00
qua 3.o00 4.00 4.60 2.2C 2.80 3.89 4.80
CD for

Precooling (C) N.S 0.08~

Packaging (P) T N.S 0.13+

Cx P N.S ) N.S

* Significant at 5 per cent level
Five point scale for consumer acceptability
i. Acceptable fully 2. Acceptable somewhat,
3. WNeither acceptable non unacceptable 4. Unacceptable somewhat

S. Mot acceptable

¢y - Prucooling with tap water C. - Precooling by contact icing

.

c, - Precooling with cold water C, - Control

P, - Polyethylene bags of 100 gauge without ventilation
P, - PolyethyleAe bags of 200 gauge without ventilation
P3 - P1 with 0.5 per cent ventilation

Py - P, with 0.5 per cent ventilation

P. - Polypropyléne bags of 100 gauge without ventilation
PG - Polypropylene bags of 200 gauge without ventilation
P7 - Ps with 0.5 per cent ventilation

Pg = Po with 0.5 per cent ventilation

l)z. ..... vranesaaas B - 'n' Dayw aftor storayoe



Plate 14. Okra packaged in polymeric films
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unventilated} among precooling and packaging treatments

respectively.
The interaction of precooling and packaging had no

significant effect on acceptability under both the storage

regimes.

4.2.5 Okra (Abelmoschus esculentus L. Moench)

A view of okra packaged in polymeric films are

presented in Plate 14.

4.2.5.1 Physiological loss in weight

The influence of precooling and packaging treatments
on PLW are presented in Table 23 and Fig.3. Precooling and
packaging treatments differed significantly both under ambient

and refrigerated storage environments.

Among precooling treatments, under ambient temperature

storage, the PLW was minimum in C, (cold water) which was

2

significantly superior to all other treatments. Maximum PLW

was recorded in C4 {control).

With regard to packaging treatments, under ambient

temperature storage, minimum PLW was recorded in Pl (100 gauge

PE, unventilated) which was followed bj P (100 gauge PP,

, 5

unventilated} and P2 (200 gauge PE, unventilated). Treatments



Table 23.

Influence of precooling and packaging treatments on PLW (%) in okra

23a. Main effects

129

Treatmcnts

Days after storage

1.28
0.92

0.99

1.23

2.5¢

18]

.42
2.66
2.95

3.25

2.96

3.55

0.69

0.98

0.88
1.15

0.30

0.18
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Table 23b. Interaction effects

TEEREMENES oo e
Ambient temperature storage Refrigerated storage
b TR e N
Precooling x Packaging
ClPl 0.63 0.66 0.68 1.19 1.74 2.06 0.09 0.17 0.22 0.34
C2Pl 0.40 0.73 1.45 1.45 l.46 1.89 0.09 0.1¢9 g.21 0.32
C3Pl 1.09 1.40 1.72 1.82 1.92 2.16 G.11 0.14 0.15 0.21
C4Py 1709 1.20 1.20 1.58 2.05 2.06 0.13 0.21 0.35 0.37
c,®, 1.01 1.07 1.2 ¢ 1.19 1.2 1.26 0.32  0.41  0.53 0.63
C,P, " 1.28 1.64 2.00 2.16 2.33 ! 31 41 G.24 0.43 0.70 0.93
C4F, 1.58 1.65 1.71 2.02 2:33 2.49 0.26 0.28 0.66 0.95
C,P, ‘ 1.05 1.25 1.45 1.54 l.62 1.84 0.30 0.45 0.58 0.69
C,Py 1.92 2.81 3.70 4.55 5.40 6.57 0.31 1.76 3.05 4.90
C,P, 1.20 2.21 3.23 3.94 4.65 6.66 0.84 2.30 4.02 5.62
C3P3 0.85 2.19 3.54 4.24 4.95 6.56 0.44 1.49 2.56 3.57
CyP3 2.55 3.63 4.71 5.04 5.36 6 69 . 1.96 3.27 5.31 7.28
C1P4 2,59 3.41 4.29 5.30 6.29 8.40 1.07 1.91 3.04 4.86
C2P4 1.69 2.61 3.82 4.76 5.70 7.53 0.93 1.95 2.72 3.75
C3P4 1.69 2.44 3.35 3.92 4.49 5.70 0.61 1.24 1.69 2.66
C494 2.50 3.50 4.48 5.21 5.93 6.96 1.38 2.5% 4.00 4.98
CIPS 0.35 ¢.58 0.80 0.99 1.19 1 20 0.25 0.38 0.49 0.50
CZP5 0.11 0.16 0.21 0.30 0.31 0.32 0.20 0.27 0.35 0.38
C3P5 1.95 2.49 3.03 3.44 3.90 .1.58 g.22 0.34 0.48 0.56
C4P5 1.59 1.70 1.84. 2.12 2,44 3 .49 0.55 0.96 1.26 1.29
C, P, 0.63 0.88 1.10 1.30 1.40 1.66 0.28 0.52 0.92 1.09
C,le 0.54 0.94 1.55 l.88 1.98 2.10° 0.16 0.17 0.17 0.25
C4Pg 1.58 l.62 1.90 é.lO 0.30 2.40 0.21 0.42 G.63 0.93
C4Pg 1.88 2.22 2.56 2.98 3.49 4.46 0.77 1.95 0.95 1.98
C,P, 1.48 2.49 .50 4.89 6.26 10,34 0.54 1.74 2.29 2.48
C,Py 0.57 1.71 3.09 3.93 4.77 .57 1.54 2.81 3.20 4.50
C4Py 1.21 2.11 3.01 3.89 .77 6.79 1.24 1.65 2.30 2.82
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Tahle 23b. (Contd.)
. Days after storage
Treatments e e e e e T T T T S TS T TS
Ambient temperature storage Refrigerated storage
1 P2 D3 B4 Ps P P3 Dy Cg ®12
______________________________________________________ e ety
C4Py 1.80 3.00 4.20 5.10 6.00 7.37 1.73 2.79 3.80 4.83
ClPa 3.19 4.19 5.20 6.47 7.73 1.53 1.43 2.68 4.13 6.13
CZPB 2.22 3.34 4.45% 5.29 6.12 1.37 1.54 2.91 .26 5.97
C3P8 2.08 2.73 3.39 4.82 6.26 1.51 1.26 z2.28 3.77 5.590
Can 2.36 3.31 4.25 5.21 6.16 1.94 0.98 z.15 4.54 6.25
CD for
Precooling (C) 0.25+ 0.14*
Packaging (P) 0.38* 0.19+
cCx P NS NS
Significant at 5 per cent
level
Mean temperaturce during
¢xpurlinent period
Maximum temperature 3l.4°C 11.6°C
Minimum temperature 28.8¢C 8.8°cC
Mean rclative humidity
during experiment period 83.4% 59.7%
C, - Precooling with tap water C, - Precooling by contact icin
1 9 3 g 9
c, - Precooling with cold water Cq - Control
Py, - Polyethylene bags of 100 gauge without ventilaticn
P2 - Polyethylene bags of 200 gauge without ventilaticn

Pl with 0.5 per cent

ventilation

4 P, with 0.5 per cent ventilation

5 Polypropylene bags of 100 gauge without ventilat__ .
P6 - Polypropylene bags of 200 gauge without ventilation
P7 - P5 with 0.5 per cent ventilation
P6 with 0.5 per cent ventilation

- 'n' Days after storage
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Pl, P. and P2 were on par with each other. Maximum PLW was

recorded in Py (200 gauge PP, ventilated).

In the case of refrigerated storage, among precooling
treatments, minimum PLW was recorded in Cq (contact icing).

Maximum PLW was recorded in C4 (control).

With respect to  packaging treatments, under

refriagerated storage,t minimum PLW was recorded in Pl (100
}

gaﬁge‘PE, unventilated). PLW was maximum in Pg (200 gauge PP,
ventilated).
The interaction among precooling and packaging

treatments had no significant effect under both storage

environments.
4.2.5/2 Unmarketability

The influence of precooling and packaging treatments
on unmarketability are presented in Table 24 and Fig.4. Type
of spdilage leading to unmarketability of the packaged'broduce
under ambient and 'refrigerated storage environments are
presented in Plates 15 and 16. Precooling and packaging
treatments differed significant;y both under ambient and

refrigerated storage environments.

With respect to ambient temperature storage, minimum

| - .
unmarketability, among precooling treatments was recorded in



134

Table 24. 1Influcence of precooling and packaging treatmente on unmarkeétability (%) ln okra
24a. Hain effects
Days after storage
T eI S == == == o o e L S eSS ssmssssmsomes
Ambient temperature storage Refrigerated storage
bs 5 Muan D 012 Mean

Precooling
c, 17.88 41.50 29.69° 16.50 40.63- 28.56°
(20.51) (37.43) (28.97) (22.38) (38.86) (30.62}
c, 1051 29.26 19.882 17.00 41.25 29.13°
(12.77) (29.04) (20.90) (21.74) (39.81) (30.78)
63 2300 48.38 35.69° 14.63 36.38 25.50%
(27.57) (45.33) (36.45) (19.83) {36.90) (28.36)
C, 28.04 48.55 36.18°€ 27.38 54.50 40.94%
(29.57) (44.63) {37.10) (31.22) (47.67) (39.44)

lFfackayling
P, 13.25 35.50 24.38° £.50 30.25 19.382
_ (20.62) (36.33) {28.48) {17.64) (33.06) {22.85)
P, 28.00 55.25 41.63° 12.25 35.25 23.75°
{31.01) (48.42) {39.71) (17.18) {36.26) (26.92)
Py 37.00 68.75 52.889 25.50 50.50 38.26°
(37.08) (57.61) (47.35) (28.95) (45.37) (37.66)
P, 28.00 55.00 41.75 24.00 48.75 36.389
(31.68) (48.24) (39.97) (29.18) (44.28) (34.73)
Ps - 8.50 25.25 16.88% 13.75 35.75 24.75P
{13.04) {28.73) (20.87) (1t .27) (36.42) (27.35)
Pe 11.25 31.25 21.25° 17.50 40.00 28.75°
(17.19) {31.91) (24.55) (2:.83) (39.14) {31.48)
P, 12.50 32.00 22.25° 24.00 46.25 35.109
(18.39) {33.8%) (26.12) {24.24) (42.86) (36.05)
Py 12.75 “33.00 22.88° 2¢ .06 50.75 18.37°%
{18.51) (34.60) (26.55) {30..05) {45 {37.76)
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Table 24b. Llnteractlon ¢f fects

Precooling x Packaging

ClPl 13.00 {20.71) 42.00 (40.28) 6.00 { 9.19) 25.00 (29.78)
c,P 11.00 (17.28) 30.00 (32.67) 8.00 (12.86) 30.00 (33.17)
¢,P, 14.00 (21.81) 36.00 (36.78) .00 ( 3.79) '22.00 (27.83)
c,Py 15.00 (22,68) 34.00 (35.59) 16.00 (24.70) 44.00 (41.45)
c,?, 17.00 (23,64) 45.00 (42.14) 18.00 (24.99) 38.00 (38.02)
c,P, 13.00 (20,94) 31.00 (33.76) 10.00 (14.49) 36.00 (36.77)
4P, 49.00 (44,45) 79.00 (63.22) 2.00 ( 3.79) 25.00 {29.94)
C4P2 33.00 (34,98) 66.00 (54.56) 19.00 (25.46) 42.00 (40.33)
¢,P; 35.00 (36.p1) 67.00 (55.36) 18.00 (24.99) 38.00 (38.03)
C2P3 ' 25.00 (29.78) 53.00 (46.77) 27.00 (31.30) 55.00 (57.9i)
4Py 29,00 (32.28) 64.00 (53.54) 17.00 (24.31) 38.00 (38.03)
P, 59,00 (50.24) 91.00 (74.,77) 40.U0 (39.19) 71.00 (57.49)
c,?, 34.00 (35.60) 66.00 (54.45) 21.00 (27.19) 42.00 (40.36)
C2P4 18.00 (25.07) 40.00 (39.23) 27.C0 (31.30) 45.00 (47.90)
C4P, 26.00 (30.66) 59.00 (50.23) 18.00 (25.07) 39.00 (38.61)
C,P, 34.00 (35.43) 57.00 (49.07) 30.00 (33.17) 59.00 (50.25)
q,Ps 4.00 ( 7.51) 22.00 (27.32) 8,00 (12.86) 25.00 (29.78)
C2P5 1.00 ( 2.74) 10.00 (16.18) 3.00 { 4.66) 25.00 (29.97)
C4Ps 18.00 (24.51) 41.00 (39.68) 19.00 (25.69) 41.00 (39.76)
c,Ps 11,00 (17.39) 28.00 (31.72) 25.00 (29.86) 52.00 (56.17)
cy g - 5.00 { 8.33) 27.00 (30.85) 17.00 (24.13) 38.00 (38.00)
c,Pe 3.00 ( 5.42) 17.00 {24.42) 14.00 (21.81) 34.00 (35.61)
c,P 20100 (26.12) 44.00 (41.16) - 12.00 (18.15) 33.00 (35.02)
C4P6 13.00 (20.90) 40.00 {39.16) 27.00 (31.23) 55.00 (47.92)
c,P, 10.00 {16.52) 27.00 (30.85) 20.00 (26.44) 42.00 (40.39)
c,P, 5.00 { 8.33) 19.00 (25.20) 26.00 (30.61) 47.00 (43.29)
cyP, 16.00 (23.14) 32.00 (40.32) 24.00 (29.28) 46.00 (42.72)
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Table 24b. (Contd.)

T M Nt = o o o e e e
Ambient temperature Btoraya Refrigerated storage
B % o 012

C4Py 20.00 {26.07) 40.00 (39.03) 26.00 (30.61) 50.00 (45.02)
C,Pgq 17.00 (23.89) 44.00 (41.55}) 24.00 {29.21) 45.00 (42.08)
C,Pg 11.00 (17.28) 31.00 (33.13) 21.00 (26.90) 48.43.854.44)
CJPB 1}.00 (17.28) 33.00 (32.62) 23.00 (28.53) 47.00 (43.28)
C4P8 11.00 (17.28) 27.00 (31.11) 34.00 (35.55) © 63.00 (52;70)
Ch for

Precooling (C) 3.19¢+ 2.21~

Packaging (P) 4.51+ 3.10¢

Cx P N.S N.S

* Significant at 5 per cent
level

Mean temperature during
experiment period

Maximum temperature 31.4°C 11.6°C
Minimum temperature 28.8e°cC 8.8=C
Mean relative humidity during B3.4% 59.7%

experiment period

C, - Precooling with tap water ¢4 - Precooling by contact icing

C2 - Precooling with cold water ¢, - Control

P1 - Polyethylene bays of 100 gauge without ventilation
P, = Polyethylene bags of 200 gauge, without ventilation
P3 - P with 0.5 per cent ventilation

P - 92 with 0.5 per cent ventilation

Pg - Polypropylene bags of 100 gauge without ventilation
Pe ~ Polypropylene bays of 200 yauge without ventilation
ko ¥y with U.5 per cent ventilation

Pg = P with 0.51per cent ventilation

P— [ -
g+ Dge vl Dn n' Days after storage

* Figures in bracket indicates transformed values



Plate 15. Type of spoilage in okra under ambient
temperature storage

Plate 16. Type of spoilage iIn okra under low
temperature storage
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C (cold water). Maximum unmarketability was recorded in C4

2
(control)} which was on par with Cg (contact icing).

Among packaging treatments, under ambient temperature
storage, minimum unmarketability was recorded in Pg (100 gauge
PP, unventilated) which was on par with P (200 gauge PP,
unvenfilated). Maximum unmarketability was recorded in P,

(100 gauge PE, ventilated).

With regard to refrigerated storage, minimuam
unmarketability among precooling treatments was recorded in C,y
(contact icing). Maximum unmarketability was recorded in Cy

(control).

Among packaging treatments, under refrigerated
storage, minimum unkarketability was recorded in P1 {100 gauge
PE, unventilated). Maximum unmarketability was recorded in_P3
(100 gauge PE, ventilated) followed by Pg (200 gauge PP,
ventilated).  Treatments P and P, were on par with each

3 8

other.

The interaction of precooling and packaging had no
significant effect both under ambient and refrigerated storage

environments.
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4.2.5.3 Length of storage life

gffect of precooling and packayging treatwents on
storage life are presented in Table 25. Precooling and
packaging treatments differed significantly both under ambient

and refrigerated storage environments.

Among precooling treatments, under ambient temperature
storage, maximum shelf life was recorded in C2 (cold water).
Minimum shelf life was recorded in C, (control) which was on

par with Cqy {(contact icing).

Amnony packaging.treatments, under ambient temperature
storage, maximum shelf life was recorded in Pe (100 gauge PP,
unventilated) which was on par with Pg (200 gauge PP,
unventilated) . Minimum shelf life was recorded in P (100
yauge PE, ventilated) which wés followed by P, (200 gauge PE,

ventilated) and P. (100 gauge PE, unventilated). Treatments

2

P P, and P, were on par with each other.

3" 4 2

With respect to refrigerated storage, among precooling
treatments, maximum shelf life was recorded in C3
(contact icing) which was followed by Cy (tap water). Minimum

shelf life was recorded in C, (control).

4

Among packaging treatments, under refrigerated

storage, maximum shelf life was recorded in Py (100 gauge PE,
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Table 25. Storage life {days) of okra as influenced by pr:cooling and packaging treatments

Precooling Ambient temperature storage
vackaytmy  cl ¢, e c,  moan
P 4.25 4.65  4.25 4.05 a.30°
P, 4.70 5.50 2.50 3.50 4.05%
Py ) 4.20 4.60 4.40 2.40 3.90°
P, 3.35 4.95 3.95 3.75 4.00%
P 5.10 6.30 3.50 4.30 4.80°
Pe 4.400  4.60 °  4.80 4.20 4.50%
P, 4.70 5,30 3.90  3.70  4.40°
Pg 4.09 4.49 4.69 4.55 4.44°
Mean 4.357  5.05%  4.00° 3.80°
o for
Precoocling (C) 0.34*
Packaging (D) 0.30%
Cx P MN.S

Refrigerated storage

Significant at 5 per cent
level

Mean storage life of
control samples

1.8 days

Mean temperature during
experiment period

Maximum tomperature 3l.4°C

Minimum temperature 28.8°C

Mean relative humidity
during experiment period 83.4%

¢ - €, =~ Precooling treatmencs

P, - P

1 g =~ Packaging treatments

2.8 days

11.6°C

8.8°C

59.7%
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unventilated) which was on par with P, (200 gauge PE,
unventilated). Minimum shelf life was recorded in P, (100
gauge PP, ventilated) and Pg (200 gauge PP, ventilated).

Treatments P7 and P8 were on par with each other.

The interaction of precooling and packaging had no
significant effect both under ambient and refrigerated storage

environments.
4.2.5.4 Consumer acceptability

Results of the consumer acceptability rating of the
precooled produce in different packages are presented in
Table 26. Significant difference in consumer acceptability
among precooled and packaged produce was observed both under

ambient and refrigerated storage environments.

Among precooling treatments, under ambient temperature
storage, best acceptability was obtained for C2 (cold water).
With respect to packagiﬁg treatments best acceptability was
obtained for Pe (100 gauge PP, -unventilated) which was
followed by P, (200 gauge PP, unventilated). Treatments P

and P6 were equally acceptable.

With respect to refrigerated storage, among precooling
treatments best acceptability was obtained for C, (contact

icing). Among packaging treatments, best acceptability was
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Table 26. Consumer acceptability of okra as influenced by precooling and packaying treatments

26a., tainioffects

Days after storage

Yreatments — --—=-=- ! -------------------------------------------------------------------
Ambient temperaturc storage Refrigerated storage
D1 02 D3 D4 D5 DB Mean D3 D6 39 012 Mean
Precooling
¢, 1.57 2.47 2.87 3.39 4.29  4.54 3.19" 2.00 2.90 4.08 4.90 3.47°
c, 1.58  2.38 2.73 3.15 _3.80 4.55 3.05“ 1.88 2.75 4.03 4.78  3.36°
c, L 6o 2.9 2.86 3.64 4.36 4.79 3.30°  1.78 2.68 3.83- 4.75  3.26°
c, 1.89 2.59 3.11 3.69 4.42 4.67 3.40%  2.30 3.10. 4.45 4.95 3,709
Packagling
Py 1.65 2.40 2.70 3.10 4.30 4.95  3.19° 1.65 2.60 3.55 4.65 3.11°
v, 1.80 2.45 2.95 3.80 4.55 4.95 3.43° 1.75 2.55 3.7 4.75  3.20°
v, 2.06  2.65 3.35 4.15 4.65 5.00 3.63° 2.20  3.10 4.45 4.95 3.68°
P, 1.80 2.0 3.00 3.85 4.75 5.00 3.48° 2.20 2.90 4.30 4.95  3.58°
Pe 1.50 2.25 2.55 3.05 3.85 4.55 2,96 1.70 2.70 3.80 4.60  13.20°
P 1.5 2.05 2.60 3.00 4.20 4.95 3.06° 1.90 2.90 4.00 4.85 3.41°
P, 1.60 2.45 2.70 3.10 4.10 4.85  3.13° 2.20  3.05 4.50 5.00 3.69°
Py 1.65 2.35 2.65 3.15 4.20 4.63 3.11° - 2.30 3.10 4.40 5.00 3.70°
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Table 26b. Interaction effects

TrEALMENLS === == === o s e e e e e e e e e S eSS ——mmSsom oo
Ambient temperature storage Refrigcrated storage
D D Y Y
Precooling x Packaging
Py 1.60 2.40 2.60 3.20 4.20 4.60 - 1.60 2.60 3.40 4.60
C2Pl 1.80 2.40 2.60 3.00 4.20 4.80. 1.60 2.60 3.60 4.60
Clpl 1.60 2.40 2.80 3.00 4.60 5.00 1.20 2.20 3.00 4.20
C4Pl 1.60 @ 2.40 2.80 3.20 4.20 4.60 2.20 3.00 4.20 5.0d
CiPs 1.60 2.40 2.60 3-40 4.20 . 4.8q 1.80 2.80 4.00 5.00
C2P2 1.60 2.20 2.60 3.00 4.40 5.00 1.60 2.60 3.80 4.60
C3P2 2.20 2.60 3.60 4.60 4.80 5.00 1.40 2.20 3.00 4.60
CyPy 1.80 2.60 3.20 4.20 4.80 5.00 2.20 2.60 4,20 4.80
C1P3 1.60 2.60 3.20 4.20 4.60 5.00 2.00 3.00 4.20 5.00
C2P$ 1.80 2.40 3.20 3.80 4.60 5.00 2.440 3.00 4.60 5.00
C3P3 1.80 2.60 2.80 4.00 4.40 5.00 2.00 3.00 4,20 4.80
C4P3 2.80 3.00 4.20 4.60 5.00 5.00 2.00 3.40 4.80 5.00
C1P4 1.60 2.40 3.00 4.00 5.00 5.00 2.20 3.00 4.40 . 5.00
C2P4 1.60 2.40 2.80 3.00 4.00 5.00 2.60 3.00 4.40 5.00
C3P4 1.80 2.40 2.80 4.00 4.60 5.00 1.80 2.60 4.00 4.80
C4P4 2.20 2.80 3.20 4.40 5.00 5.00 2.20 3.00 4.40 5.00
€1V 1.40 Z.0u Z2.40 2.80 3.60 4.4 1.40 2. 80 3.0 4.60
CZPS 1.40 2.20 2.60 2.80 3.00 4,20 1.40 2.40 3.00 4.40
C3P5 1.60 2.40 2.60 3.40 4.60 5.00 1.80 2.80 4.20 4.80
C.Ps 1.60  2.40  2.60  3.20  4.20  4.60 1.80  2.80  4.40 4:80
C,Pg 1.80 2.20 3.00 3.00 4.60 5.00 2.00 3.00 4.00 5.00
C2P6 1.40 2.00 2.60 3.00 4.00 4.80 1.60 2.60 3.80 4.80
C4Pg 1.40 2.00 2.20 3.00 4.00 5.00 1.60 2.60 J.60 4,60
C4Ps 1.40 2.00 2.60 3j.o0 4.20 5.00 2.40 3.40 4.60 5.00
CIP7 1.5P 2.40 2.80 ‘2.80 4.40 4.80 2.20 3.00 4.60 5.00
c,P; 1.40  2.40  2.60  2.80  3.40  4.60 2.00  3.00  4.60 5.00
C3P7 1.60 5.40 2.60 3.40 4;g0 5.00 2.20 3.00 . 4.40 5.00
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‘able 26b. (Contd.)l _________________
E Days after storage )
TL@ALMENEE —==— ;= === = o e e eSS eSS ST S SSSSSSSo S oSS Tm o
Ambient temperature storage Refrigerated storage
0y P2 D3 P4 O Ps L3 ol Oy P12
C4P 1.80 2.60 2.80 3.40 4.40 5.00 2.40 3.00 4.40 5.00
C1P8 1.60 2.60 2.80 3.00 4.00 4.60 2.40 3.o0¢C 4.40 5.00
C2P8 1.60 2.20 2.40 3.40 3.80 4.4 2.80 2.8¢C 4.40 5.00
C3P8 1.60 2.40 2.60 3.20 4.20 4.87 2.20 3.00 4.20 5.00
C4P8 1.80 2.20 2.80 3.00 4.20 4.6) 2.80 3.60 4.60 5.00
Ch for
Precooling (C) 0.08* 0.07+
Packaging (ﬁ) 0.14* 0.12+
C x F N.S N.S
* Significant at 5 poer cent level
Five point scalé for consumer acceptability
1. Accuptable tully . 2. hAcccptable somewhat,
3. HNeither acceptable non unaccueptable 4. Unacceptable somewhat
5. MNot acceptable
Cy - Precooling wiih tap water C3 - Precooling by contact icing
c, - Precooling wikh cold water €y - Control
Py - Polyethylene bags of 100 gauge without ventilation
P, - Polyethyleneibags of 200 gauge without ventilation’
Py - Fy with 0.5 per cent vantilatioA
P, - P, with 0.5 per cent ventilation
Pe - Polypropylené bags of 100 gauge without ventilation
Pg - Polypropylen# bags of 200 gauya without ventilation
P, - Pg with 0.5 ?er cent ventilation
Pg - P with 0.5 éer cent ventilation
Dl' LR R EE SRR Dn - 'n' Days after storage
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obtained for Pl (100 gauge PE, unventilated) followed by P2
(200 gauge PE, unventilated) and Pg (100 gauge PP,

unventilated). Treatments Pl' P2‘ Pé were equally acceptable.

With respect to interaction effects, no significant
difference 1in consumer acceptability was observed both under

ambient and refrigerated storage environments.

4.2.6 Tomato {Lycopersion esculentum Mill}

A view of tomato packaged in polymeric film is

presented in Plate 17.
4.2.6.1 Physiological loss in weight

The data on the influence of precooling and packaging
treatments on PLW are presented in Table 27. Among various
precdoling and packaging treatments significant differences
were observed both under ambient and refrigerated storage

environments.

With respert to ambient temperature storage, among
precccling treatments, minimum PLW was recorded in Cg (contact
icing) which was significantly superior to all other

treatments. Maximum PLW was recorded in Cl (tap water).

Among packaging treatments, under ambient temperature

storége, minimum PLW was recorded in 'Pl (100 gauge PE,
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Table 27. Influence of precooling and packaging treatments on PLW (%) in tomateo
27a. Maln effects
Days after storage
TFEAELMENES=———mimm == m = — e e e e e e e e e e TS m ST TmT ST T TERsT T
Ambient tcmperature storage Refrigerated storage
D, Dy Dg Dg Dy Dyz DBy HMeen ¢ D35 Dyg Py D3p D3 Mean
Precooling
<, 0.57 1.12 1.69 2.39 2.89 3.48 3.96 2.30% 0.66 1.43 1.95 2.42 2.96 3.68 2.21°
c, 0.52 0.92 1.55 2.04 2.56 3.13 3.74 2.07° 0.6¢3 1.14 1.77 2.28 2.73 3.30 1.98°
c, 0.42 0.71 0.96 1.28 1.64 1.88 '2.32 1.20° 0.r4 1.18 1.77 2.48 3.15 3.58 2.14°
c, 0.52 0.75 1.03 1.50 1.61 1.90 2.40 1.40° ©0.91 1.28 1.86 2.44 2.88 3.61 2.16°
Packaging
Py 0.27 0.53 0.82 0.99 1.06 1.09 1.19 0.85% 0,25 0.29 0.42 0.51 0.52 0.56 0.43°
P, 0.47 0.65 0.80 1.0l 1.24 1.53 1.76 1.06% 0.37 0.47 06.70 0.80 0.80 1.04 0.70°
v, 0.56 1.01 1.61 2.19 2.80 3.36 4.39 2,28 0.93 1.36 2.3z 3.32 4.36 5.23 2.90°
P, 0.81 1.29 1.88 2.58 3.24 4.06 4.99 2.699 0.92 1.70 2.64 3.59 4.48 5.62 3.169
Py 0.53 0.63 0.85 0.98 1.19 1.34 1.44 0.9%® 0.:9 0.43 0.51 0.66 0.78 0.97 0.60°
Pe 0.49 0.70 0.88 1.22 1.43 1.63 1.73 1.15° 0.39 0.64 0.68 0.80 0.91 1.05 0.75°
P, 0.76 1.36 2.23 3.14 3.69 4.29 4.85 2.90% 1.27 2.47 3.59 4.84 5.77 G6.86 4.14°
Pg 0.59 1.25 1.78 2.66 3.12 3.91 4.85 2.599 1.38 2.71 3.80 4.6% 5.81 6.99 4.26°
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Procooling

Lt

CF

x Packaging

0.38
0.43

0.25

0.77

0.57
0.75

0.35

0.59

0.89
0.65
0.51
0.76
0.97

0.58

0.97

1.08

0.37

0.69

1.07

0.62

0.68

0.46
0.39

0.53

3.59
3.12
2.83
1.66
4.16
.80
2.55
2.46
1.48

1.06

1.38

5.98
4.123
3.43

1.56

l.68
l.16

0.32
0.le
0.32
0.38
0.36

0.24

.88
1.16

5.84
0.52

0.19
0.39
0.58
0.48
0.31
0.71
1.99
3.98
1.35
1.18

2.05

0.23

0.36
0.58
0.63

.51

0.62

0.81

0.73
0.72

0.41

0.76

1.07

0.87

5.85

0.42
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Table 27b. {Contd.)
"""""""""""""""""""""""""""""" pays after storage
P CaEMEAEL S — === m e e e e e e e e e e e e e e e o —————— -
Ambient temperature storage Refrigerated storage
D Pp Pg Py Djp  Ppp Dy Pe P12z Pig Py D3p Dy
c:4P.7 0.59 0.91 1.43 2.51 2.55 2.85 3.52 1.53 2.714 3.38 4.62 5.24 6.18
C,Pg 0.51 1.54 1.95 3.09 3.75 4.72 5.37 1.57 1.42 4.27 4.82 5.82 7.18
Czpu 0.72 1.32 2.04 2.88 3.60 4,32 5.28 1.46 2.45 3.75 4.24 4.96 6.00
C;Pg 2.65 1.07 1.49 2.36 2.79 3.67 4.08 1.40 2.60 3.52 4.73 4.14 7.11
C498 0.47 1.06 1.85 2.29 2.35 2:93 4.68 1.90 2.37 3.67 5.00 6.30 7.61
Co for
Precooling (C) 0.17 0.16
Packaging (P) 0.25 0.24
Cx P NS NS
* Significant at 5 per cent
level
Mean temperature during
experiment period
Maximum temperature 32.1°C 12.4¢C
Minimum temperature 28.4°C 8.9°C
Mean relative humidity
during experiment period 82.8% GO.5%

Precooling with tap water

- Precooling with cold water

Cy - Precooling by contaczt icing

c, - Control

- Polyethylene bags of 100 gauge without ventilation

- Polyethylene 'bags of 200 gauge without ventilation

- P, with 0.5 per cent ventilation

- P2 with 0.5 per cent ventilation

- Polypropylene bags of 100 gauge without ventilation

- Polypropylene bays of 200 gauge without ventilation

- P5 with 0.5 per cent ventilation
- Pg with 0.5 per cent ventilation

D - 'n'
n

Days after storage
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unventilated) which was on par with Pg (100 gauge PP,
unventilated) and P, (100 gauge PE, unventilated). PLW was

maximum in P, (100 gauge PP, ventilated}.

With regard to refrigerated storage, among precooling
treatments, PLW was minimum in C, (cold water) and Cg
(contact icing). Treatments C, and C3'were on par. Maximum
PLW. was recorded 1in ql (tap water) which was on par with Cy

{control) .

Among packaging treatments, under refrigerated
storage, minimum PLW was recorded in Py (100 gauge PE,
unventilated) which was on par with Pg (100 gauge PP,
unvertilated} . PLW was maximum in Pg (200 gauge PP,
ventilated) followed by P7 (100 gauge PP, ventilated).

Treatments P8 and P7 were on par with each other.

The interaction of precooling and packaging had no
sigrnificant effect both under ambient and refrigerated storage

environments.
4.2.6.2 Unmarketability

Data or. unmarketability as influenced by precooling
and packeglng treatments are presented in Table 28. Type of
sp01lage leading to unmarketability of the packaged tomato are

presented in Plate 18. Precccling and packaging treatments
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Table 28. Influence of precooling and packaging treatments on unmarketability (%) in tomato

28a. Main effects

Days after storage

T At ME I S = m o o o e o o e e e e
Ambient temperature storage Refrigerated storage
D12 D] 4 Mean Dyq Dy Mean
Precooling
¢ 34,15 65.50 49.81° 39.38 71.38 55.38¢
(35.94) (54.55) (45.02) (38.73) (58.42) (48.57)
c, 34.00 62.63 48.31€ 26.80 57.13 41.99%
(35.32) (52.84) 44.08) (30.20) (49.37) (39.79)
g, 4.63 24.50 14.56° 26.45 53.60 40.04%
( 7.61) (29.33) 18.47) (30.01) (47.18) (38.60)
c, 10.86 25.26 18.06° 28.88 57.75 43.31°
(13.78) (29.90) (21.84) (32.35) (49.59) (40.97}
Packaging
Py 21.25 49.50 35. 40 23.50 49.25 36.38"
(22.39) (44.77) (33.58) (28.85) (44.59) (36.72)
e, 22.25 47.50 34.88° 37.50 68.50 53.00°
(24.29) (43.63) (33.96) (37.63) {56.35) (46.99)
Py 16.00 38.25 27.13° 19.50 47.25 33.38%
(18.34) (36.84) {27.59) (24.75) (43.42) (34.08)
P, 16.75 " 39.00 27.88° 26.25 54.00 40.13°
(19.79) {38.18) (28.99) {30.66) (47.37) (39.02)
P 21.50 48.75 35.13° 37.45 72.45 54.95%
{23.71) (44.64) (34.17) (37.76) (58.91) (48.34)
Pe 21.50 49.25 35.38% 37.25 67.00 52.13°
(23.60) (44.69) {33.64) (37.46) (55.76) (46.61)
P, 20.75 . 46.00 33,38 33.50 " 65.00 49.259
(21.88) (42.52) (32.20) (35.31) (53.92) (44.61)
Py 13.50 35.50 24.50° 28.25 56.50 42.38°

(17.69) (36.01) {26.85) (31.91) (49.00) (40.54)
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Tuble 2¥bL. Inturactlion offucts

Precooling x Packaging

.7 39.00 (38.5%) 77.00 (61.93) 30.00 (33.17) 57.00 (49.10)
C,Py 38.00 (38.02) 68.00 (55.67) 21.00 (27.20) 43.00 (414.44)
C3Pl 3.00 { 4.66) 22.00 (27.69) 22.00 (27.95) 44.00 (42.54)
Py 5.00 { 8.33) 31.00 (33.76) 21.00 (27.02) 47.00 (43,29)
CyPy 46.00 (42.69) 81.00 (G64.30) 54.00 (47.33) 85.00 (67.36)
cy¥, 28.00 (31.64) 55.00 (48.00) 30.00 (33.17) 59.00 (50.25)
C3P2 _ 10.00 (14.49) 30.00 (33.01) 33.00 (35.02) 65.00 (53.93)
CyFs 5.00 ( 8.33) 24.00 (29.14) 33.00 {35.01) 65.00 (53.85)
C,P5 32.00 (34.34) 64.00 (53.39) 28.00 (31.94) 56.00 (49.67)
C2P3 23.00 (32.53) 55.00 (47.92) 8.00 (12.86) 37.00 (37.42)
C3P3 1.00 ( 3.79) 19.00 {20.78) L9.00 (28.45) 45.00 (44.45)
C493 2.00 ( 2.69) 15.00 (25.75) 23.00 (25.75) 49.00 (42.12)
ClP4 29.00 (32l32) 58.00 (49.88) 33.00 (34.98) 66.00 (54.42)
C,P, 32.00 (34.16) 58.00 (50.0%5) 23.00 (28.53) 51.00 (45.50)
C4P, 3.00 { 6.35) 20.00 (26.44) !3.00 (28.53) 47.00 (43.28)
CoPy .00 ( 6.35) 20.00 (26.33} 26.00 (30.61) 52.00 (46.18)
L kg 23,00 (28.34) 50.00 (45.04) t1.00 (39,76) 7¢.00 (61.37)
C2PS 49.00 (44.45) 86.00 (68.12) 11.00 {39.82) 7¢.00 (63.22)
C3P5 3.00 ¢ %.33) 26.00 {30.42) 32.00 (34.40) 62.00 {52.08)
C4P5 9700 (13.73) 33.00 (34.97) 15.00 (36.27) 72.00 (58.18)
CIP6 40.00 (39.01) 71.00 (58.20} »6.00 (48.49) 88.00 (70.44)
CZéG 36.00 (36.76) 67.00 (55.19) 55.00 {32.56) 50.00 (48.50)
CBPE 7:00 [ 9.95) 32.00 (34.29) 1,00 (33.72) €1.00 (51.51)
C4P6 3%00 ( 4.66) 27.00 (31.06) -3.00 (35.07) 63.00 (52.60)
€ Py 34.00 (35.60) 64.00 (53.34) ©7.00 (37.40) 71.00 {57.57)
C,Pb, 43.00 (40.89) 73.00 (59.17) i6.00 (36.86) 71.00 (57.62)
Cat 4.0  7.22) 26.00 (30.42) $1.00 (33.76) 60.00 (50.85)
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Table 28bh {(Contd.)

Treatments —-ceeee—___ . _____0¥8 a d---------*-------*-j -----------------------
Amblent temporature storage Refrigerategd storage
P12 P14 P30 P36
c4P7 '2.00 ( 3.79) 21.00 (27.13) 30.00 (33.20) 58.00 (49.55)
CIPB 30.00 (33.09) 59.00 (50.28) 36.00 (36.74) 70.00 (57.43)
C?PB 17.00 (24.13) 39.00 (38.59) 26.00 (30.61) 55.00 (47.92)
C3P8 4.00 ( 7.22) 21.00 (26.64) 21.00 (27.19) 45.00 (43,12)
qua 3.00 ( 6.35) 23.00 (28.53) 30.00 (33.07) 56.00 (48.54)
CD for
Precooling (c) 3.08 1.97
Packaging () 4.32 2.74
Cx P N.5 M.

Significant atr 5 per cent
level I

Mecan tuemperacure during
CApCriment period

Maximum tewperenture 32.1~C 12.4«¢C
i
Minimun témperacere 28.4¢°¢ 8.9°¢
Mean relative humidicy during ' B82.8% G0.5%

cxperiment period

C1 - Precooling with tap water Cn - Precooling by contact icing

C2 = Precooling with cold water C, - Control

P1 ~ Polyethylene bags of 100 g4uge without ventilation_
Py - Polyothylong bage of 200 Yauge wilthout ventilation
Py - P1 with 0.5 Per cent ventilation

P4 - P2 with 0.5 per cent ventilation

PS = Polypropylene bags of 100 gauge without ventilation
Pe - Polypropylene’bags of 200 gauge without ventilation
Py - PS with 0.5 per cent ventilacion

P8 - PG with 0.5 per cent Qentilation

17° 014. ............... T Davs aftor vlLorayge

Figures jin bracket indicates transformed values



different significantly both under ambient and refrigerated

storage environment.

Minimum unmarketability, among precooling treatments,
under ambient temperature storage was recorded in C3 {contact
icing). Maximum unmarketability was recorded in Cy (tap

water) which was on par with C, (cold water).

Among packaging treatments, under ambient temperature
storage, Minimum unmarketability was recorded in Pg (200 gauge
PP, wventilated) which was on par with P (100 gauge PE,
ventilated) and P4 (200 gauge PE, ventilated). Maximum

unmarketability was recorded for the rest of the five

treatments viz. Py Pye Peo Pgo P, which were all on par.

With respect to refrigerated storage, minimum
unmarketability, among precooling treatments was recorded in

C (contact icing) which was on par with C, (cold water).

3
Maximum unmarketability was recorded in cy (tap water).

among packaging treatments, under refrigerated
storage, minimum unmarketability was recorded in P, (100 gauge
PE, ventilated). Maximum unmarketability was recorded in éS
(100 gauge PP, unventilated).

The interaction of precooling and packaging had no

153



Plate 17. Tomato packaged in polymeric films

Plate 18. Type of spoilage in tomato
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significant effect both under ambient and refrigerated storage

environments.
4.2.6.3 Length of storage life

Data on storagée life as influenced by precooling and
packaging treatments are presented in Table 29. Significant
difference in shelf life was observed among precooling and
packaging treatments: both under ambient and refrigerated

storage environments.

Maximum shelf life among precooling treatments, under

ambient temperature storage, was obtained for C, (contact

icing). Minimum shelf life was recorded in C, (tap water).
9 1

Among packaging treatments, under ambient temperature
storage, maximum shelf life was recorded in Py (200 gauge PP,
ventilated) which was on par with Py (100 gauge PE,
ventilated) and P, (200 gauge PE, ventilated). Minimum shelf
life was regorded in Pl-(100 gauge PE, unventilated) followed
by P, (200 gauge PE, unventiléted) and P (200 gauge PP,

unventilated). Treatments Pys P, ana ¥ Were on par witn eacn

other.

With respect to refrigerated storage, among precooling

treatments, maximum shelf life was recorded in C3 (contact
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Table 29. storage life (days) of tomato as influenced by precooling and packaging treatments

Precooling Ambient temperature storage Refrigerated storage
XTI Ceen el ITITITT IOTRSE
Packaging C1 C2 C3 C:‘I Mean Cl C2 C3 C4 Mean
Py 8.80 8.60 12.20 11.60 10.30° 24.:0 27.80 27.80 27.00 26.75°
P, 8.60 9.60 12.00 11.60 10.30° 21.:0  26.00 25.80 25.40 24.70°
F3 9.20 9.60 12.80 12.60 11.05% 253..:0 29.40 27.80 27.60 27.80%
P, 9.40 9.20 12.60 12.60 10.95° 24.:20 27.00 27.40 26.80 26.357
P5 9.60 8.40 12.00 11.40 10.35b 23.20 23.40 25.40 25.00 24.25d
P 8.60 9.40 11.20 12.00 10.30° 21.%0 26.20 25.80 25.40 24.75°
P7 9.20 9.20 12.40 12.00 10 70b 124010 24.4¢ 25.80 25.80 25.00°
PB 9.40 10.40 12.20 12.40 11.10° 24.: 0 .00 27.40 26.80 26 35b
Mean 9.109  9.23° 12.18% 12.05P 23.12° 26.40% 26.65% 26.23°
€D for
Precoolinyg (C) 0.10~ 0.31¢+
Packaging (P) 0.39~ 0.44+
Cx?Pp N.S N.S

Significant at S5 per cent
level

Mean storaye life of 4.8 days 11.0 days
control sompley

Mean temperature during
experiment period

Maximum temperature 32.1¢C 12.4¢C
Minimum temperature 28.4°C §.9°C
Mean relative humidity
during experiment period §2.8% 60.5%
Cl = €, =~ Precooling treatmants

Pl - P8 - Packaging treatments
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icing) which was on par with c, (cold water). Minimum shelf

life was recorded in Cy (tap water).

Maximum shelf life among packaging treatments under

refrigerated storage was recorded 1in P3 (100 gauge PE,

ventilated) which was significantly superior to all other
treatments. Minimum shelf life was recorded in P. (100 gauge

PP, unventilated).

The interaction of precooling and packaging treatments
had no significant effect both under ambient and refrigerated

storage environments.
4.2.6.4 Consumer acceptability

Results of the consumer acceptability rating of the
precooled produce in different packages are presented in
Table 30. Significaﬁt variation in acceptability was observed
among various precooling and packaging treatments both under

ambient and refriqgerated storage environment.

Tomatoes priecooled by contact icing method (C3) and
packaged in ventilated 100 gauge PE (P3) were rated as the
best precooliny and packaging treatment both under ambient and

refrigerated storage environments.



157

tuble 30. Consumet acceptability of tomato as influencad by prococoling and packaglnyg trestments
30a. Main effects
Days after storaye
P CALMEAN L B === = e e e e e e e e e e e e e e e e e e e e e e e e S SS eSS m e
Ambient temperature storage Refrigerated storage
02 Dq DG D8 DlO D12 Dl4 Mean D! 912 D18 024 030 D36 Mean
Precooling
Cl 1.70 2.08 2.55 2.98 3.88 4.50 4.90 3 23° 1.:0 2.2% 2.85 3.35 4.55 5.00 3.32°
<, 1.68 2.20I2.60 2.90 3.78 4.40 4.85 3.20° 1.8 2.15 2.63 3.08 4.10 4.93 3.07b
cq 1.63 2.10' 2.35 2.63 3.00 3.43 4.35 2.80% 1.33 2.03 2.45 3.00 4.10 4.88 3.00°
C4 1.65 2.28 2.%3 2.65% 3.03 3.40 4.55 2.88b 1.48 2.00 2.63 3.05 4.10 5.00 3.08b
Packaging
Pl 1.65 2.10 2.45 2.75 3.50 4.05 4.75 3.05° 1.495 2.05 2.60 3.00 4.20 4,95 J.OEb
P, 1.55 1.95 2.60 2.90 3.60 4.25 4.75 3.09° 1.75 2.20 2.80 3.30 4.40 5.00 3.24d
P3 1.50 2.00 2.25 2.65 3.30 3.65 4.45 2.82° 1.55 2.00 2.30 3.00 3.85 4.75 2.90°
P, 1.75 2.16 2.50 2.75 3.25 3.70 4.60 2.95b 1.9 1.95%5 2.60 3.00 4.10 4.95 3.04b
Pg 1.75 2.20 2.50 2.80 3.40 4.10 4.75 3.07° 1.75 2.30 2.90 3.2% 4.40 65.00 3.27d
P6 1.80 2.20 2.45 2.90 3.45 4.05 4.70 3.08° 1.30 2.25% 2.70 3.2% 4.35 4.95% 3.22d
P7 1.65 2,10 2.40 2.80 3.40 3.85 4.70 2.99b 1.75 2.10 2.70 3.0% 4,20 5.00 3.13°
Py 1.70 2.10 2.35 2.75 3.20 3.80 4.60 2.94° 1.55 2.00 2.50 3.0% 4.15 4.95 3.03°
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2.00

2.00

1.80

.40

(%]

2.60

2.00

2.20

2.20

N
[+3]
o

2.80

2.40

2.40
2.80
2.60

2.60

3.00

2.80
2.80
3.00

2.40

3.qo
3.00
4.00

3.00

3.03

3.09

2.890
3.00
3.00
3.00
3.00
3.00
3.40
3.60
1.09
3.00

4.00

3.20

3.00

§.60

4.00
4.20
5.00

4.40

4.00
4.20
4.00
3.80
4.00
4.20
4.20
4.00
4.00
1.10
4.80
4720
4.20
5.00
4.20
4.20

4.00

4.80

5.00

5.00

5.00

0, Py Pg  DPg  Dyg Dy Dy Og

Precooling x Packqging

c, Py 1.40 2.00 2.40 2.60 4.00 4.40 5.00 1.80
c,P, 2.00 2.40 2.80 3.00 4.20 4.60 5.00 1.40
4y 1.60 2.00 2.00 2.40 2.80 3.20 4.20 1.40
C,Py 1.60 2.00 2.60 3.00 3.00 4.00 4.80 1.60
P,y 1.40 1.80 2.80 3.20 4.40 5.00 5,00 ;.00
C,P, 1.60 2.20 2.80 3.00 4.00 4.60 S.00 1.60
CyP, 1.60 2.00 2.40 2.60 3.00 3.80 4.40 1.60
c,P, 1.60 1.80 2.40 2.80 3.00 3.60 4.60  1.80
C, Py 1.60 1.80 2.40 2.80 3.60 4.40 5.00 1.80
C,P4 1.60 2.20 2.60 3.00 3.80 4.20 4.60 1.40
T4y 1.40 2.00 2.00 2.40 2.80 3.00 4.00 1.40
T ¥q 1.40 2.00 2.00 2.40 3.00 3.00 4.20 3.60
c,P, 1.60 1.80 2.40 2.80 3.60 4.40 4.80 2.20
C,t, 1.80 2.60 2.80 3.00 3.80 4.40 4.80 1.60
4P, 1.60 2.00 2.40 2.60 2.80 3.00 4.20 1.40
C,P, 2.00 2.00 2.40 2.60 2.80 3.00 4.60 .60
e 1.80 2.40 2.40 3.00 3.60 4.40 4.80 1.80
C,Pg 1.60 2.20 2.60 2.80 4.00 4.60 5.00 1.80
C4Pg 1.60 2.00 2.40 2.60 3.00 3.60 4.40 1.60
C,4Ps 2.00 2.20 2.60 2.80 3.00 3.80 4.BO 1.80
CyPg 1.80 2.20 2.60 3.20 4.00 4.80 5.00 .20
C,¥g 1.60 2.20 2.60 3.00 3.80  4.40 5.00 3.60
CqP, 2.00 2.40 2.60 2.80 3.00 3.60 4.40 1.60
C,¥g 1.80 2.00 2.00 2.60 3.00 3.80 4.40 1.80
c,Py 2.20 2.40 2.80 3.20 3.80 4.20 4.80 1.80
C, Py 1.70 2.00 2.40 2.80 3.80 4.40 4.80 1.80
4P, 1.40 2.00 2.40 2.80 3.00 3.60 4.80 1.80

3.00

4.20
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Table 30b. {Contd.}
Days after storagye
e = = o o oo o o e e
Ambient temperature Storage Refrigerated storage
®2 B¢ Pg Dg Dy Dy, D, ®s D12 DygT Dyy D3y Dy
C4Py 1.40 2.00 2.00 2.40 1.00 3.00 4.40 1.60 2.00 2.60 3.00 14.00 5.00
C,Pg 1.80 2.20 2.60 3.00 4.00 4.60 4.80 1.80 2.00 2.80 3.20 4.60 5.00
C, Py 1.60 1.80 2.20 2.80 2.80 4.00 4.60 1.40 2.00 2.60 3.00 4.00 5.00
(5PH L0 2,40 2.60 2.80 3.00 3.60 4.40 1.40 l1.00 2.20 3.00 4.00 4.80
CJPB 1.60 2.00 2.00 2.60 J.oo0 3.00 4.60 l1.60 2.00 2.40 3.00 1.00 5.00
CD for
Precooling () 0.06" 0.05¢«
Packaging (P) 0.10* 0.08+
C x P N.S N.S
* Significant at 5 puer cont level
Five point scale for consumer acceptabilicy
1. Acceptable fully 2. Acceptable somewhat,
3. Meither acceptable non unacceptable 4. Unacceptable somewhat
5. Mot acceptable
Cl - ‘Precooling with tap water C. - Precoolinyg by contac- ieing
C2 = Precooling with cold watur C, - Control

q

Py - Polyethylene bags of 100 gauge without ventilation

P, - Polyethylene bags of 200 gauge without ventilation
P3 - P1 with 0.5 per cent ventilation

P4 - P2 with 0.% per cent ventilation

Pg - Polypropylene bags of 100 gauge without ventilation

PG - Polypropylene bags of 200 gauge without ventilation

B, = B, with 0.5 per cent ventilation
Yh o Wish 0.5 per cant ventilation
02, Dq, ............... Dn - ‘n' Days after storage
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The interaction of precooling and packaging indicated
no significant effect on consumer acceptability both under

ambient and refrigerated storage environments.

4.3 Effect of portion  packaging of large sized
veygetables

Effect of wvarious portion packaging treatments on
precooled vegetables ;ere studied]in ashgourd, elephant foot
yam, oriental pickling melon, pumpkin and snakegourd. Daily
observations were taken on PLW, unmarketability and consumer
acceptability. For the convenience of .statistical analysis
and mean value of the observations for two days and three days
were used respectively under ambient and refrigerated storage
environment in various treatments. Salient results of the

experiment are given below.

4.3.1 Ashgourd (Benincasa hispida (Thunb.) Cogn.)

A view of ashgourd portion packaged in polymeric films

are presented in Plate 19.

4.3.1.1 Physiological loss in weight

Data on PLW as influenced by portion packaging
treatments are presented in Table 31. Significant difference
among treatments were observed both under ambient and

refrigerated storage environments.



Table 31. Effect of portion rackaging treatments on PLW (%) in ashyourd
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B ea et S o e e
Ambient temperature storage Refrigerated storage
02 04 D6 Mean D3 DG D9 012 Mean
T, 0.43  0.68  1.49 0.87° 0.41  0.52 0.96 1.15 0.75%
T, . 0.65 0.88  0.93 0.83° 0.21  0.29 0.39 0.52 0.35°
T3 0.56 0.68 0.79 O.GBb 0.05 0.08 0.12 0.13 0.09%
T, 0.39 0.45 0.49 0.45°2 0.08 0.16 0.27 0.51 0.26°
Dl 02 03 Mean ?l D2 03 D4 Mean
T 8.74 13.83 16.14 12.90 6.32 10.15 15.06 18.13 12.42
T, 7.90 12.80 16.10 12.27 4.63 9.35 13.84 17.10 11.23
CcD
T1 - T4 0.22+ 0.11*
‘I‘5 - 'I‘6 N.S N.S
* Significant at 5 per cent
level
Mean temperature during
experiment period
Maximum temperature 33.4°C. 11.6°C
Minimum temperature 27.6%C B.%°C
Mean relative humidity
during experiment perioed 78.2% 61.4%

'I‘l - Portion packaging in PE

T2 - Portion packaging in PP

Ty - Portioned but not packaged

(control)

- '

= Precooling + portion packaging in PE

- Precooliné + Portion packaging in PP

- Precooled and portioned but not packaged
(Control)

Days after storage



Plate 19. Portioned ashgourd packaged in polymeric
films
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In the case of ambient temperature storage, minimum
PLW was recorded in T, (precooled and portion packaged in 100
gauge PP). PLW was maximum in both the control samples (T5

and‘Ts) and there was no significant difference between them.

With respect to refrigerated storage, PLW was minimum
in T3 (precooled and portion packaged in PE). Maximum PLW was
recorded in contro}l (tg and Tg) where no significant

difference was observed between them.
4.3.1.2 Unmarketability

Data on unmarketability as influenced by portion
packaging treatments ‘are presented in Table 32. Type of
spoilage leading to unmarketability of the portion packaged
produce are presented in Plates 20 and 21. Significant
difference in unmarketability was observed among various
treatments both under ambient and refrigerated storage

environments.

Among various treatments, under ambient temperature
storage, unmarketability was minimum in T, (precooled and
portion packaged in PE) which was on par with T, (precooled
and portion packaged in PP). Unmarketability was maximum in
both the control samples (T5 and TG) where no significant

difference was observed between them.
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Table 32. Effect of portion packaging treatments on unmarketability (%) in ashgourd
Days after storage
T A oo o o e e e e
ments Ambient temperature storage Refrigerated Starage
D4 DG Mean D9 012 Mean
T, - 1.00' 21.00 11.00 P 1.09 15.00 8.00 °
(2.58) {(26.95) (14.78) {2.58) (22.49) (12.56)
T, 1.00 20.00 10.50 P 1.00 23.00 12.00 ©
(2.58) (25.45) {14.02) {2.58) (28.51) (15.55)
T, 0.50 10.00 5.30 2 0.59 10.00 5.30 @
(1.29) (16.51} { 8.50) it1.29) (16.51) ( 8.30)
T, 1.00, 11.00 6.00 8 1.09 12.00 6.50 2
(2.58) (19.07) (10.83) (2.58) {19.94) (11.20}
02 03 Mean 03 D4 Mean
Ty 20.00 60.00 40.00 15.00 35.00 25.00
{26.44) (50.60) (38.52) (25.46) (36.01) (30.74)
T6 16.00 50.00 33.00 10.00 30.00 20.00
(23.14) (45.02}) (34.08) (17.28) (33.17) (25.23)
cD
Pl - 'l4 1.29+ 2.068
Ts - T5 N.S N.S
* Slgnificant at 5 par cent
level i
Mean temperature during
experiment period
Maximum temperature 33.4°¢C 11.6°¢C
Minimum temperature 27.6°C 8.9°C
Mean relative humidicy
during experiment period 78.2% 61.4%
Tl - Portion packaginy in PE 'I‘3 = Precooling + portion packaging in PE
T2 - Portion packaging in pp T, - Precooling + Portion packamina in DD

‘I‘S - Portionéu wu. HuL . pacKkaged - Té -'Precovaeu aia porrioned but,-not packaged
{control) ! {Control)
Dy eennlll D - 'n' Days after storage

Flyurws i, bracket indicates transformed valuos



Plate 20. Type of spoilage in portion packaged
ashgourd under ambient temperature
storage

Plate 21. Type of spoilage iIn portion packaged
ashgourd under refrigerated storage



Table 33. Consumer acceptability of ashgourd as influenced by portion packaging treatments

Days after storage

R L et e ——
Ambient temperature storage Refrigerated storage
D2 D‘ D6 Mean D3 DG 09 D12 Mcan
T 3.00 3.00 4.45 3.48 1.50 2.20 3.00 4.60 2,82
T, 2.80 3.00 4.60 3.40 1.40 2.20 3.00 4.20 2.70
T3 2.80 3.00 3.80 3.20 1.10 2.00 3.00 4.20 2.60
T, 2.60 3.00 4.40 3.33 1.20 2.00 3.00 4.40 2,65
D1 D2 D3 Mean D1 D2 03 D‘ Mean
Ty 3.00 4.60 5.00 4.20 2.80 3.60 4.60 5.00 4.00
T 3.00 4.40  4.80 4.10 2.60 3.00 4.20 4.80 3.65
cp )
T, - T, N.S N.S
T5 - 'I‘6 N.S N.%

Five point secale for consumer acceptability

1. Acceptable fully

2. Acceptable somewhat

3. Neither acceptable nor unacceptable

T, - Portion packaging in PE

T, = Portion packaging in PP

1‘5 - Portioned but not packaged

{control)

!

4. Unacceptable somewhat

5. Not acceptable

Ty - Precooling + portion packaging in PE
Ty = Precooling + Portion packaging in PP

T6 - Precooled and portioned but not packaged

{Control)

Days after storage

164
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With respect to refrigerated storage, unmarketability
was minimum recorded in T3 (precooled and portion packaged in
PE} which was on par with T, (precooled and portion packaged
in PP). Maximum unmarketability was recorded in both the
control samples (T5 and T6) where no significant difference

was observed between them,

4.3.1.3 cConsumer acceptability

Results of the consumer acceptability rating of the

portion packaged produce are presented in Table 33.

LEventhough higher acceptability was recorded for
portion packaged samples, no significant difference was
observed between pPackaged and control samples under both the

ambient and refrigerated Storage environments.,

4.3.2 Elephant foot yanm (Amorphophallus campanulatus Blume ex

.Decne)

A view of elephant foot yam portion packaged in

polymeric films are presented in Plate 22.

4.3.2.1 Physiological loss in weight

‘The data on the influence of portion pPackaging

treatments on PLW are presented in Table 34.
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Table 34. Effect of portion packaging treatments on PLW (%) in elephant foot yam

Days after storage

Treatments ~----- R e e T b e e e e — e mm oo —smmm——=
Ambient tamporature storaye Refrigeratod storage
D, Dy Dg D8 Maan Dy D6 09 D;5 Dyg Mean
T, 0.46 0.81 1.32 1.38  0.99 0.38  0.46 0.48  ©0.49  0.53  0.47°
T, 0.89 0.96 1.10 1.30 1.06 0.55 0.6} 0.68 0.76 0.83 0.6y°
Ty 0.39 10.83 1.22 1.28 0.93 6.136 0.39 0.45 0.47 0.51 0.44b
T, 0.52 0.80 0.86 0.9} 0.77 0.26 0.28 0.31 0.33  0.36 0.:°
D 3 D Mo b, ' D D D Mca
0! 2 3 4 =an 1 2 3 4 5 n
Tg 13.68 18.02 22.92 27.81 20.6} 9.42 13.89 16.717 18.56 21.32 15.99
Te 13.41 15.88 20.94 25.80 19.10 5.37 8.89 12.89 15.81  18.72 12.34
Ccb
ry - Ty N.S 0.08*
TS - T6 N.S N.S
* Significant at 5 per cent
level
Hean temperaturé during
experiment period
Maximum temperature 32.2°C 11.2¢°C
Minimum temperature 28.6°C 8.9°C
Mean relative humidity
during experiment period 82.4% 60.41%
Ty - Portion packaging in PE Ty Precooling + porticn packaging in PE
T, - Portion packagying in PP Ty - Pregooling + Portlon packaging in PP
Tg = Fortioned but not packaged TE - Precooled and portloned but not packaged
(control) {Contreol}
Dy 02 ........ e By ‘n' Days after atoraga



Plate 22. Elephant foot yam portioned and packaged
in polymeric Ffilms

Plate 23. Type of spoilage iIn portion packaged
elephant foot yam
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Significant difference between treatments were
observed only under refrigerated storage. Minimum PLW was

recorded in T, (precocled and portion packaged in PP). PLW

was ' maximum in both the control samples (T5 and TG) where no

significant difference was observed between them.

4.3.2.2 VUnmarketability

L]

Data on the effect of port}on packaging treatments on
unmarketability are presented in Table 35. Type of spoilage
leading to unmarketability of the portion packaged produce is

presented in Plate 23.

With respect to unmarketability, significant
differences between treatments was observed only under
refrigerated storage ‘with minimum unmarketability being
recorded in T4 (precooled and portion packaged in PP) and T3
(precooled and portion packaged in PE). Effect of treatments
T, 'and T, were on par. Maximum unmarketability was recorded

in control samples (T5 and T6) where no significant difference

was observed between.them.
4.3.2.3 Consumer acceptability

Results of the consumer acceptability rating of the

portion packaged produce are presented in Table 36.
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Table 35. Effect of portion packaging treatments on unmarketability (%) in elephant foot yam
Pays after storage
P @A L= o~ = e e e e e e e e e e e e e e e e e mm e —— e ———————
ments Ambient temperature storaye Refrigerated storage
DG DB_ Mean I)12 Dls Mean
(N 0.50 11.00 5.75 17.00 41.00 29.00°
(0.653) (15.18} (7.92) 124.11) {39.76) (31.95)
T2 0.50 11.50 6.00 2.00 25.00 13.50b
(0.65) (17.24) (8.95) 3.69) (29.76) {16.73)
Ty 0.50 9.00 4.80 0.25 20.00 10.13°%
(0.65) (13.56) (7.11) 0.33) (26.31} (13.32)
Ty 0.25 7.00 3.63 2.00 12.0¢ 7.00%
(0.32) ( 9.87) (5.10} 3.69) (15.66) ( 9.69)
D3 04 Mean 04 D5 Mean
T 20.150 35.00 27.75 12.00 24,00 18.00
(26.72) (36.02} (31.37) (19.97} (29.21) (23.51)
Te 18.00 33.00 25.50 10.00 20.00 15.00
(24.99) (34.93) (29.96) (16.53) (26.33) (21.43)
cL
T, - T, MN.S G.38*
Ts - TG N.S N.S
* Significant at 5 per cent
level .
Mean température during
experimen; peciod
Maximum temperaturc 32.2°C 11.2¢°C
Minimum temperature 28.6°C 8.9°C
Meah relative humidity
during experiment period 82.4% 60.4%
T, - Portion packaging in PE Ty - Precooling + portion packaging in PE
T, - Portion packaging in PP T, = Precooling + Portion packaging in PP

TS - Portioned but not

packaged Te - Precooled and portioned but not packaged
(control)

(Control)
: f - it
3 IJ4 .......... Dn n

Figures in bracket indicates transformed values

D Days after storage
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Table 36, Consumer acceptability of elephant foot yam as influenced by portion packaging
treatments

Days after storage

Treatments --————-*----—----—-—-———v———————----—-------—-—-———-—-----T ___________________________
Ambient temperature storage Refrigerated storage
D2 04 D6 D8 Mean D3 06 D9 Dl2 D15 Mean
Ty 2.80 3.00 3.00 4.00 3.20 1.80 2.20 3.00 4.20 5.00 3.20°
T, 2,60 3.00 3.00 3.80 3.10 1.60 2.20 2.80 3.40 4.40 2.90°
T3 2.60 3,00 3.00 3.60 3.05 2.60 2.20 2.60 3.00 4.40 2.76b
T, 2,40 3,00 3.00  3.20 2.90 1.40 2.00 2.20 3.00 31.60 2.44°
D_1 02 03 04 Mean D1 LZ D3 D4 05 Mean
'I‘5 : 2,80 3.30 4.80 5.00 3.98 2.30 3.00 3.50 4_80 5.00 3.72
‘I‘6 2.604 3.20 4.50 5.00 3.83 2.30 3.90 3.30 4.60 5.00 J.64
cD
PR | *
Tl P4 M.S 0.22
Tg = Tg N.S N.S

Five point scale for consumer acceptability

1. Rcceptable fully 4. Unacceptable somewhat

2. Acceptable somewhat 5. Not acceptal.le

3. Neither acceptable nor unacceptable

Tl - Portion packaging in PE. T3 - Precooling + portion packaging in PE

T, - Portion packaging in pp _'1‘4 - Precooling + Portion packaging in pp

T5 - Portioned but not packaged - 'I‘6 - Precooled and portiona:d but not packaged
{control) (Control) '

Dyo By vinnann b, - 'n Days after storage
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Significant difference in consumer acceptability
between different treatments were observed only under
refrigerated storage with best acceptability being rated for

T, (precooled and portion packaged in PP).

4

4.3.3 Oriental pickling melon (Cucumis melo var. conomon (L.)

Makino)

A view of oriential pickling melon portion packaged in
f

polymeric films are presented in Plate 24,
4.3.3.1 Physioclogical loss in weight

Data on the influence of portion packaging treatments
on PLW are presented in Table 37. Portion packaging
treatments had significant influence on PLW under both ambient

and refrigerated storage environments.

In the case of ambient temperature storage minimum PLW
was recorded in T, (precoocled and portion packaged in PP)
which was on par with T, (precooled and portion packaged in
PE).  Maximum PLW was recorded in control samples (T5 and TG)

where no significant difference was observed between them.

With respect to refrigerated storage, minimum PLW was
recorded in T, (precooled and portion packaged in PP} which

was |[significantly superior to all other treatments. Maximum
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Table 37. Effect of portion packaging treatmaents on PLW {%).in oriental pickling molon

bays after storage

Treatments  ~—===r = e - e e e m———————m
Ambient temperature storage Refrigerated storage
02 D4 DG Mean 03 DG Dg D12 Mean
T, 0.45 0.61 0.77 0.61C 0.11 0.19 0.30 0.32 0.23°
T, 0.22 0.43 0.62 0.42° 0.11 0.18 0.48 0.59 0.34%
T, "0.11  0.19  0.30 0.20% 0.12  0.14 0.23 0.28 0.19"
T, 1 0.10 0.13 0.19 0.14% 0.04 0.08 0.11 0.16 0.09%
D1 02 D3 Mean 21 D2 D3 D4 Mean
T, 7.53  13.88 19.50 13.64 6.29 7.71 13.89 16.48 11.10
Tg 7.24 12.63 18.59 12.82 4.98 6.86 12,15 14.15 9.54
cD
T, - T, 0.11+ 0.05+
15 - T6 HN.S N.S

* Significant at 5 per cent
level

Mean temperature during
experiment poeriod

Maximum temperature 33.2°C 12.1°C
Minimum tempecature 27.7°C 9.3¢C
Mean relative humidity
during experiment period 78.91% 60.6G%
T, - Portion packaging in PE - Ty = Precooling + po:tion packaging in PE
T2 - qution'packaging in PP T4 - Precooling + Postion backaging in pP
T5 - Portioned but not packaged T6 - Precooled and portioned but not packaged
{control) (Control}
: - ] ] -
Dl' 02 .......... Dn n Days after storaye



Plate 24. Oriental pickling melon portioned and
packaged in polymeric films
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PLW was recorded 1in control samples (Tg and t ) where no

6

significant difference was observed between them.
4.3.3.2 Unmarketability

Data on the effect of portion packaging treatments on
unmarketability are presented in Table 38. Type of spoilage
leading to unmarketability of the portion packaged samples are

presented in Plates 25 and 26.

Portion packaging treatments had significant effect

under refrigerated storage with minimum unmarketability

only
being recorded in T (precooled and portion packaged in PP).
Maximum unmarketability was recorded for control samples (T

and Tg) where no significant difference was observed between

them.
4.3.3.3 Consumer acceptability

Results of the consumer acceptability rating of the

portion packaged produce are presented in Table 39.

Significant difference in acceptability was observed among

different treatments both under ambient and refrigerated

storage environments.

In the case of ambient temperature storage, treatments

T. (precooled and portion packaged in PP) and T. (precooled
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Table 3H. Effect ¢C portion packaging treatments on unmurkotnbility () in oriental
pickling melon

Days after storage

Treat-
ments Ambient temperature storage Refrigerated storage
D4 D6 Mean D9 °12 Mean
T 2.00 11.00 6.50 9.00 35.00 22.00d
(3.68) (19.07) (11.38) (13.370) (35.95) (24.66)
T2 3.00 16.00 9.50 3.00 19.00 11.00C
(4.56) (22.64) (13.60) ( 4.56) (5.5 (a5.03)
T3 1.00 10.00 5.50 1.00 14 .00 7.50b
(.58 (18.20) - (10.39 ( 2.58) (19.56) @.on
T4 0.25 10.00 5.13 0.25 3.00 1-63&
©.33) (18.20) (9.27) (0.3 (6.27) ( 3.0
°n D3 Mean o3 o4 Mean
18.00 30.00 24.00 18 .50 23.00 20.75
T5 4.10) (32.90) (28.50) @4 90) (28.53) 126.67)
T6 15.00 28.50 21.75 16.00 21.00 18.50
(22.90) (32.10) (27.50) (23.42) (26.80) 5.11)
cD
1" T4 N.S 5.86°
T5 " T6 N.S N.S
Significant at 5 per cent
level
Mean temperature during
experiment period
Maximum temperature 33.2°C 12.1°C
Minimum temperature 27 .7°C 9.30C
Mean relative humidity
during experiment period 78.9% colch
Tj - Portion packaging in PE - Precooling + portion packaging in PE
T., — Portion packaging in PP Tj - Precooling + Portion packaging in PP
- Portioned but not packaged Tg - Precooled and portioned but not packaged
(control) (Control)
vV °3 On, - 'n” Days after storage

Figures in bracket indicates transformed values



Plate 25. Type of spoilage In portion packaged
oriental pickling melon under ambient
temperature storage

Plate 26. Type of spoilage in portion packaged
oriental pickling melon under
refrigerated storage
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Table 39. Consumer acceptability of oriental pickling melon as influenced by portion
packaging treatments

Days after storage

Treatments )
Ambient temperature storage Refrigerated storage
- 24 6 Mean D3 D6 °9 °12 Mean
T1 3.00 3.40 4.80 3.73b 1.60 2.40 3.60 4.80 3.1QC
T2 2.80 3.20 4.60 3.53b 1.40 2.20 3.20 4.20 2.75b
T3 2.80 3.00 4.40 3 .40a 1.20 2.20 3.20 4.20 2.70b
T4 2,60 3.00 4.00 3.20a 1.00 2.00 2.40 3.40 2.203
D1 °2 D3 Mean °1 b2 D3 °4 Vean
T5 2.8 4.40 5.00 4.10 2.40 3.00 4.60 5.00 3.80
T6 2.80 4.20 4.80 3.93 2.40 2.80 4.40 4.8 3.60
cD
*
T1 " T4 0.27 0.30*
T5 - T6 N.S N.S

Five point scale for consumer acceptability

1. Acceptable fully 4. Unacceptable somewhat
2. Acceptable somewhat 5. Not acceptable

3. Neither acceptable nor unacceptable

T - Portion packaging in PE T~ —Precooling + portion packaging in PE

r. - Portion packaging tu I'LL *, -Prucooliny t Portion pncknylmj in PP

T,- - Portioned but not packaged T -Precooled and portioned but not packaged
(control) (Control)

*\ liG - 'n1 Days al"Lur storage
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and portion packaged in PE) were rated as best and equally

acceptable.

With respect to refrigerated storage, treatment

(precooled and portion packaged in PP) was rated as the best.

4.3.4 Pumpkin (Cucurbita moschata Duchesne)

A view of pumpkin portion packaged in polymeric films

are presented in Plate 27.

4.3.4.1 Physiological loss in weight

The data on the influence of portion packaging
treatments on PLW are presented 1iIn Table 40. Portion
packaging treatments had significant effect both under ambient

and refrigerated storage environments.

In the case of ambient temperature storage, minimum
PLW was recorded in T~ (precooled and portion packaged in PP)
which was on par with T. (precooled and portion packaged in
PE). PLW was maximum in control samples (Tg and Tg) where no

significant difference was observed between them.

With respect to refrigerated storage, minimum PLW was
recorded in T. (precooled and portion packaged in PE) which

was on par with T. (precooled and portion packaged in PP).
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1%) in pumpkin

Days after storage

Ambient temperature storage

Treatments
i) D4
Ly 0.21 0.34
0.17 0.30
*2
0.15 0.23
0.18
T4 0.13
?
D1 D~
Ts 11.47  23.94
17,25
T6 9-26
CD
T1 " T4
- T6

9
T

T
5

1

Significant at 5 per cent
level

Mean temperature during
experiment period

Maximum temperature

Minimum temperature
Mean relative humidity
during experiment period
- Portion packaging in PL

- Portion packaging in PP

D6

0.41
0.38
0.34
0.33

°3
36.84
27.78

0.06*

N.S

33.4°C
27 .6°C

78.7T%

Mean

0.32b
0.28b
0.24a
0.21a

Mean
24.10
18.03

°3

0.23
0.14
0.10
0.12

°1
5.71
5.47

Refrigerated storage

og °g °12 DI5 Mean

0.36 0.51 0.80 0.90 0.56b
0.27 0.42 0.75 0.79 0.47*
0.16 0.28 0.36 0.38 0.26a
0.19 0.25 0.4C 0.45 0.28a

d2 d3 o4 D5 Mean
10.19 13.49 16.58 19.00 12.99
9.94 12.36 15.26 18.46 12.29

0.11*

N.S

11.7°C
8-9°C

60.3%

p - F;F%%%lmif@ + portion packaging in PL
- Precooling + Portion packaging in PP

- Portioned but not packaged T

(control)

DI* °2 r

- Prucoolud and portioned hut. not packaged

(Control)
Days after storage



BIBM

Plate 27. Pumpkin portioned and packaged in
polymeric films
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Table 41. Effect of portion packaging treatments on uninarketability (%) in pumpkin

Days after storage

Treat-
ments Ambient temperature storage Refrigerated storage
o4 °6 ) Mean °12 °15 Mean
T1 6.00 20.00 13.00 18.00 48.00 33.00
2.59 (5.23) (18.85) (238<)) 43.72) (33.03)
T2 7.00 21.00 14.00 2400 53.00 33.50
.70 @6.17) (18.99) (29.20) (46.72) @37.96)
T3 3.50 16.00 9.80 16.00 43.00 28.50
(8.27) @2.83) (13.55) (18.64) (40.72) (X )
T4 3.00 17.00 10.00 9.00 37.00 23.00
(6.27) (23.68) 14.98) (13.1%) (37.10) (25.15)
2 °3 Mean °4 °5 Mean
T5 20.00 50.00 30.00 25.00 40.00 32.50
(26.31) ) (35.51D) (29.80) (39.23) (34.52)
T6 15.00 38.00 26.50 18.00 . .
(18.2%) (37.45) (27.85) (25.07) (35.85) (30.46)
6D}
Ti - T4 N.S N.S
TS - T6 N.S N.S

* Significant at 5 per cent
level

Mean temperature during
experiment period

Maximum temperature 33.4°C 11.7°C
Minimum temperature 27 .6°C 8.9°C
Mﬁ?‘?ngeéi&ie\lf?mggg ig;rlod 78.74 60 . A

T. 1o lion packaging In PE T - Precooling + portion packaging in PE

Tj - Portion packaging in PP - Precooling - Portion packaging in PP

Tj - Portioned but not packaged T, - Precooled and portioned but not packaged
(control) (Control)

op= o3 ’nl Days after storage

Figures in bracket indicates transformed values



Plate 28. Type of spoilage in portion packaged
pumpkin under ambient temperature
storage

FtMw/Z/ZFf

Plate 29. Type of spoilage iIn portion packaged
pumpkin undei rclrigernted storage
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Table <12. Consumer acceptability of pumpkin as influenced by portion packaging treatments

Days after storage

Treatments ) i

Ambient temperature storage Refrigerated storage

) o4 °6 Mean D3 6 °g D12 °15 Mean
1 2.80 3.60 4 .60 3.67 1.20 2.40 3.00 4.20 4.60 3.08
T 2.80 3.40 4.40 3.52 1.40 2.40 3.20 3.9 4.40 3.4
T3 2.60 3.00 4.30 3.30 1.20 2.20 2.80 3.80 4.8 2.9
T4 2.80 3.00 4.40 3.40 1.00 2.20 3.00 3.60 4.60 2.86

D1 °2 D3 Mean DI =2 D3 °4 °5 Mean
5 2.80 4.40 5.00 4.10 2.60 3.00 4.20 5.00 5.00 4.00
T6 2.8 4.20 5.00 4.00 2.40 2.80 4.00 4.8 5.00 3.80
CcD

T5 ™ T6 N-S N-S

five point scale for consumer acceptability

1. Acceptable fully 4. Unaccept ible somewhat
2. Acceptable somewhat 5. Not acceptable

Neither acceptable norunacceptable

- Portion packaging in PE -Precooling + portionpackaging in PE
T2 -Portion packaging in PP T4 -Precooling + Porttonpackaging in PP
T, -Portioned but not packaged *T_-Precooled and portioned but not packaged
(control) (Control)

DA - "n" Days after storage
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PLW was maximum for the control samples (T,D and TO) where no
significant difference was observed between T5 and T
o 230 Unmarketability

on

Data on the effect of portion packaging treatments
unmarketability are presented in Table 41. Type of spoilage
leading to unmarketability of the portion packaged produce are

presented in Plates 28 and 29.

Portion packaging treatments had no significant effect
on unmarketability ooth under ambient and refrigerated storage

environments.

4.3.4.3 Consumer acceptability

Results of the consumer acceptability rating of the

portion packaged produce are presented in Table 42.

Portion packaing tretments had no significant effect

on consumer acceptability both under ambient and refrigerated

storage environments.
4_.3.5 Snakegourd (Trichosanthes anquina L.)

A view of snakegourd portion packaged in polymeric

films are presented in Plate 30.
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4-3.5.1 Physiological loss in weight

Data on the effect of portion packaging treatments on
PLW are presented in Table 43. Treatments differed
significantly both under ambient and refrigerated storage

environments.

Minimum PLW, in the case of ambient temperature

storage was rucordod in "I™ (precooled and portion packuyed in

1
PP)  wliiuli was un par witli Iprecooled and portion packayed

in PE). PLW was maximum in control samples ([,- and ) where

no significant difference was observed between two samples.

In the case of refrigerated storage minimum PLW was

locordod In (piecouied and portion packaged in PP) followed
by T. (precooled and portion packaged in PE). The effect of
treatments T and T_ were on par. As in other cases, maximum
PLW was recorded in control (,. and ) where no significant

difference was observed between two samples.
4.3.5.2 Unmarketability

Data on the effect of portion packaging treatments on
unmarketability are presented in Table 44. Type of spoilage
leading to unmarketability of the portion packaged produce was

presented in Plate 31.



°4 °6 D8

0.50 0.8 0.8
0.45 0.75 0.78
0.20 0.37 0.48
0.26 0.48 0.51

D2 D3 °4
14.17 21.69 28.43

D10

1.13
0.89
0.74
0.53

5
32.48

7.8 13.91 20.41 26.54 31.51

Table 43.
Treat-
ments
2
T1 0.47
T2 0.26
T3 0.13
T4 0.16
D1
T5 8.07
T6
ch
. - T4
5 * T6

Significant at 5 per cent

level

Mean temperature during
experiment period

Maximum temperature

Minimum temperature

Mean relative humidity
during experiment period

- Portion packaging in PE
- Portion packaging in PP

- Portioned but not packaged

(CGntro

DI* °2

1)

0.0a*
N.S

32.2°C
28.4°C

81.8%

Effect of portion packaging treatments on PLW

Days after storage

D12

1.16
1.05
0.85
0.55

°6
38.10

36.78

0.83°
0.69
0. 46a
0.41a

Mean
23.86
2.84

D3

0. 58
0.72
0.33
0.2

C1
4.89

4.37

@) in

°6

0.70
0.73
0.34
0.31

D2
0.47

7.98

0.05*
N.S

shakegourd

Ambient temperature storage Refrigerated storage

9 °12
0.72 0.74
0.76 0.78
0.39 0.46
0.35 0.3

D3 4

11.56 15.17

181

Di5 ©18 Mean

0.78 0.91 0.74b
0.82 0.9 Q.8QC
0.49 0.53 0.42a
0.42 0.48 0.37a

18.17 22.10 13.39

11.28 14. 3B 13.10 22.40 13.12

10.9°C
8.8°C

60.4%

- Precooling + portion packaging in Fi

M - Precooling + Portion packaging in PP

TV - Prccooled and portioned but not packaged
i(Control)

"n* Days after storage
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Table 44. Effect of portion packaging treatments on unmarketability (%) in unakogourd

Days after storage

Treat-
ments Ambient temperature storage Refrigerated storage
D10 D12 Mean &15 Dia Mean
4.0 15.00 9.50 41.00 73 .00
1 ) ) 57.
(7.3D) 1.270) (14.32) (39.53) (59.31) (29.42)
2.00 14.00 11.00 25 .00
T2 ] 54 .00 39.50c
( 5.17) (20.01) (15.89) (29.95) (47.30) (38.63)
T3 5.00 17.00 8.00 0.50 14 .00 7.250
( 8.29) (23.47) (12.59) ( 1.29) (19.56) (10.43)
0.25 10.00 5.12 c.5
T4 ] 10 .0 5.12a
(0.3j) (13.29) ( 9.29) (C.B) (13.24) ( 9.29)
T5 50.00 70.00 60.00 25.00 45.00 35.00
(45.02) (5G.85) (50.94) (29.97) (41.71) (35.84)
T6 45.00 65.00 55.00 26.00 ) ]
(41.71) (53.60) (47.66) 2f.0) (39.10) (33.00)
CD P
T1 - T4 N.S 6.90*
T5 - T6 N.S N.S

* Significant at 5 per cent
level

Mean temperature during
experiment period

Maximum temperature 32.2°C 10 .9°C
Minimum temperature 28.4°C 8.8°C
Mean relative humidi
during experiment period 81.8% 60 Db
" - Portion packaging in PE T3 - Precooling - portion packaging in PE
Portion packaging in PP " Prooooling + Portion packaging in PP
Tj - Portioned but not packaged T, - Precooled and port ioned but not packaged
1 - &ntron packag b~ (Controb) PO Packag
OG" . aeeaa- “ In“ Days after storage

Figures in bracket indicates transformed values



Table 45. Consumer acceptability of snakegourd as influenced by portion packaging treatments

Days after storage
Treat-

ments Ambient temperature storage Refrigerated storage

D2 ° % °g DO D12 Man o3 pg e9 ©°12 pi15 pig Mean

T1 160 2.20 60 3.00 3.40 440 2.9 120 200 260 3.80 4.0 4.0 3.10c

1.80 2.40 . 3.00 3.60 4.60 3.07 1.20 2.00 220 3.20 4.40 4.80 2.9/c
T3 1.80 2.00 :.60 3.L0 3.60 420 287 120 2.0 2.40 2.8 3.00 440 263
T4 1.60 2.00 160 3.00 3.00 3.40 260 200 200 2.00 2.40 3.0 3.40 2.30a

DL D2 °3 D4 DS 6 MM p1 ., g oy 95 g N
T 3.00 4.60 1.8 5.00 5.00 5.00 4.5 24 :.s0 3.00 3.80 4.20 5.00 3.33

T6 280 3.80 140 4.8 5.00 500 4.30 22 2.8 3.00 3.60 4.00 4.80 3.40

Tl - t4 N.S 0-2*
T5 * T6 N=E N.S

Five point scale for consumer acceptability

1. Acceptable fully 4. Unacceptable somewhat
2. Acceptable somewhat 5. Not acceptable

3. Neither acceptable nor unacceptable

T - Portion packaging in PE TJ - Precooling + portion packaging in PE

Tj - Portion packaging in PP T - Precooling + Portion packaging in PP

TJ - Portioned but not packaged T, - Precooled and por .ioned but not packaged
(control) {Control)

vV @ D, - - Days after storage



Plate 30. Snakegourd portioned and packaged in
polymeric films

Plate 31. Type of spoilage in portion packaged
snakegourd
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difference 1iIn unmarketability among
treatments were observed only under refrigerated storage.
Minimum unmarketability recorded in T. (precooled and portion
packaged in PP) and T. (precooled and portion packaged in PE).
Treatments T. and T. were on par. Maximum unmarketability was

recorded for the control samples (T. and Tg) where no

significant difference was observed between these two samples.
Consumer acceptability

Results of the consumer acceptability rating of the

portion packaged produce are presented in Table 45.

Significant difference on consumer acceptability among
different treatments was observed only under refrigerated
storage with best acceptability being recorded for T.

(precooled and portion packaged in PP).






DISCUSSION

Tropical vegetables are highly perishable in nature.
There iIs 1mmense importance for preventing the postharvest
losses by adopting appropriate and efficient handling,
packaging and storage techniques. Though a large number of

tropical vegetables are cultivated 1in Kerala, both in

homesteads and on commercial scale, scientific postharvest
handling methods are hardly adopted. Hence investigations
were undertaken to assess the effect of precooling and
packaging in selected vegetables under ambient and low
temperature conditions. The overall aim of the study was to
find out efficient precooling and packaging techniques with
minimum postharvest losses and value addition. The results of
the study conducted under three experiments are discussed in

this chapter.

5.1 Standardisation of precooling treatments to improve the

postharvest life of fresh vegetables

The precooling technique is mainly recommended for
reducing the field heat of the harvested produce. Precooling
has to be done as early as possible or atleast within 24 hours
of harvest. In the case of vegetables, especially leafy

vegetables the time lag between harvesting and precooling
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should be minimum. Precooling gives best results when
supplemented with low temperature storage (Hardenburg, 1971).
Precoocled vegetables on gradual rewarming under open storage
conditions usually do not retain the advantages of precooling

in most of the cases (Ryall and Lipton, 1979).

5.1.1 Amaranth (Amaranthus tricolor L.}

In the present study precooling of amaranth prior to
open storage did not show any significant effect on PLW. The
large surface area to volume rafio of leafy vegetables 1like
amaranth guickly losses the effect of precooling thus failing
in registering a significant response to precooling with
respect to PLW. However, the unmarketability when recorded
after 24 hours of treatment, the contact iced leaves were more
acceptable. = This probably reflects the advantage of better
cooling of the contact icing treatment that helps to retéin
the freshness for a longer period. Stewart and Barger (1963)
after conducting studies on the handling of brussels _.sprouts
have reported that contact iced sprouts where rated

significantly higher than sprouts not iced.

In the refrigerated storage the precooling treatments
indicated distirict superiority over the control for reducing
PLW and unmarketability in amaranth. Sozzi and Petronella

(1981) reported that hydrocooling of spinach prior to packing
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retained the freshness during storage. Sherman et al. (1982)
reported that precooling of bell peppers delayed but did not
prevent softrot. Verbeek (1986) has also reported that

precooling of vegetables prior to storage reduced the weight

loss.

5.1.2 Brinjal (Solanum melongena L.)

The effect of precooling in brinjal was significant
both under ambient and refrigerated environments. The contéct
icing treatment was significantly superior in all the
situations for reduced moisture loss and better marketability.
Eventhough brinjal is a chilling sensitive vegetable (Kader
et al., 1985) precooling treatmeﬁts including contact icing
for short duration gives beneficial effect for extended
storage life. Ryall and Lipton (1979) has reported that
-brinjal held at 10 to 12.8°C and 95 per cent RH could remain
in marketable condition for 10 to 14 days. The results

indicate the possibility of recommending precooling treatments

for improved shelf life of brinjal.

5.1.3 Chilli (Capsicum annum L.)

In the case of chilli also the precooling treatments
registered superiority with respect to reduction in PLW and
unmarket-ability. Contact icing and cold water treatment were

better than the tap water treatment and control. Ryall and



188

Lipton (1979) stated that pepper ffuits remain in better
condition if they are hydrocooled rather than if they are
cooled slowly, especially if the fruits are 26.7°C or warmer.
Hardenburg et al. (1986) have also recommended rapid
érecooling of sweet peppers to reduce market losses by forced

air cooling, hydrocooling or vacuum cooling.

5.1.4 Cowpea [Vigna unguiculata (L.) Walp]

In cowpea cold water and contact icing treatments were
superior precooling treatments under the two stofage
environments. The beneficial effect of hydrocooling for green
beans has been reported by Gorini et al. (1974) and Ryall and
Lipton (1979). They have stated that the free moisture
prevented the wilting or shrivelling of the beans. Zerbini
et al. (1978) have reported that hydrococled snap beans had
only lesser PLW and quality deterioration as compared to air
cooled treatment. Precooling has an important role in
reducing the rate of respiration of cowpea. Smith et al.
(;982) have reportéd that beans étored too long at too high

storage temperatures are subjected to various decays including

watery softrot, grey mould and the rhizopus rot.

5.1.5 Okra (Abelmoschus esculentus L. Moench.)

In okra tap water treatment was found to be the best

preccooling treatment for moisture loss reduction under ambient
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temperature storage. Salunkhe and Desai (19&5) reported. that
high rates of deterioration and of respiration demand rapid
cooling of harvested okra. They haye also reported that
hydrococling was not generally'recommended because water may
cause spotting as in prolonged contact with ice or ice water.
However in the case of okra, under open conditions the
marketability lasted only for two days thus leaving only a

shorter span ©of time to clearly assess the efficiency of

precooling.

Under refrigerated condition contact icing and ceold
water treatments were found to be more beneficial as compared
to other treatments. This may be due to the faster reduction

in the rate of respiration as already explained.

5.1.6 Tomato {Lycopersicon esculentum Mill.}

In tomato contact icing and hydrocooling with tap
water treatments proved beneficial under both the storage
environmenté. However, hydrocooling with cold water failed to
register any specific advantage. Srivastava et al. (1962)
reported that precooling of tomatoes followed by refrigerated
storage helps in better retention of moisture and ascorbic
acid, less wastage and more uniform development of colour.
However, Marcellin and Baccaunaud (1979) have observed that

precooling had no significant influence on ripening qualities
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in low temperature. Lingaiah et al. (1983b) did not observe
any beneficial effect of precooling in tomato under ambient
temperature storage. Wills et al. (1989) have reportazd that
tomato is an extreme case of tolerance to ethylene. Thus the
non uniform behaviour of tomato under different precooling
treatments may be due to the ethylene effect rather than the

effect of precooling.

It can be seen that in most of the cases precooling
had beneficial effects in reducing moisture 1loss and also
unmarketablity. The effect of precooling was more pronounced
when it was done prior to low temperature storage. Ahong the
precooling treatments, contact icing and cold water
hydrocooling were found superior to tap water treatments and
control. 1In amaranth, okra and cowpea where the marketable
life was comparatively lesser, the effect of precooling could
not be clearly assessed. Thus the feasibility of ‘precooling
of vegetables for marketing wunder open condition needs
extensive ’'studies ;6 find out the specific vegetable that
responds well to ,precooling. Thére is a lot of scope for
expleoiting the beneficial effects of precooling as a

pretreatment to low temperature storage of the vegetables.
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5.2 Effect of precooling and packaging on shelf 1life of
vegetables under ambient and refrigerated storage

environments

In this experiment the effect of four precooling and
eight packaging treatments were studied under ambient and low

temperature environments. The 'salient results are discussed

in the following pages.

i
5.2.1 Amaranth (Amaranthus tricolor L.)

With the different packages, precooling treatments
showed significant effect for precooling in amaranth. With
respect to PLW and shelf life under both situations, the
contact icing treatment was found to be the best precooling
treatment. When the control gave a shelf life of 1less than
one day, it was above four days with contact icing, cold water
and tap water treatments under ambient conditions. In the
refrigerated environment, the contact icing and tap water
precooling treatments extended the shelf life to more than 10

days with minimum PLW.

among the packages, 200 gauge PE and PP bags with
ventilation proved more beneficial under ambient conditions
with respect to shelf life and acceptability whereas PLW was
minimum in unventilated 100 and 200 gauge PE. Here again the

refrigerated storage considerably enhanced the shelf life with
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unventilated packages of 100 gauge PRF, 100 and 200 gaugo PP

and 100 gauge PP.

Basak (1980) after studying the effect of packaging,
ventilation and low temperature on amaranth and methi found
that under unpackaged condition there was rapid moisture 1loss
and the material became unmarketable due to shrivelling.
Ventilated packayges were found ts be superior to unventilated
packages .with ventilation of 0.24 and 0.48 per cent beidg
ideal. He has also observed that refrigeration extended the

shelf life in amaranth considerably.

Lill (1980) reported that precooling and packaging in
unperforated PE bags improved the appearance and shelf life of
asparagus. Harrison et al. (1984) has reported that brussels
sprout precooled and packaged in .unperforated PE bags
significantly increased the shelf life. Kim (1985) reported
that packaging increased the acceptability of spinach at 20e°cC;
and at 10°C the acceptability period was doubled. Lazan. et al.

(1987) reported that, in Amaranthus caudatus leaves lost water

rapialy dufing storage at 24 to 28°C or 2 to 4°C resulting in
accelerated decrease in leaf turgidityl With LDPE packaging
the leaves maintained turgidity much better under low
temperature conditions. Bittenbender (1992) reported that
cowpea leaves stored in 2 mil sealed. PE bags at ambient

temperature increased storage life compared to open storage.
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Cooling further extended the period of Storage but cowpea was

susceptible to chilling injury below 15°cC.

5.2.2 Brinjal (Solanum melongena L.)

In the case of brinjal cold water was found to be
efficient precooling under ambient storage whereas contact
icing proved to be the efficient under refrigerated storage
environment. This may be due to the reason that cold water
treatment resulted in contact wiLh 100 per cent skin area
whereas in the contact icing treatment the contact area with
ice "was much 1less and the resultant pfecooling was not
uniform. However, when the precooled brinjal was kept under
refrigerated storage, contact icing performed better than cold
water probably due to the reason that the advantage of better
cooling with contact icing; though it was not spread over the
entire surface area of the fruit, was also utilized in
lowering the temperature of the vegetable thus resulting in a
better performance as compared to cold water precooling.
Regarding the shelf lifg,it was about three times more than
the ambient condition in refrigerated environment. Among the
different packages kept under ambient storage, 200 gauge PE,
100 gauge PE, 200 gauge PP and 106 gauge 'PP gave better
results, Eventhough minimum PLW was reco¥ded in wunventilated

200 gauge PE, shelf life was maximum in 200 gauge PE, 100

gauge PE and 200 gauge PP all with 0.5 per cent ventilation.
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Under refrigerated storage again unventilated packages
recorded minimum PLW. However maximum shelf life was recorded:

in 200 gauge ventilated PE bag.

Viraktamath et al. (1963) have  reported  that
ventilated 100 and 200 gauge PE can be used for storage of
brinjal wunder low and ambient storage conditions, 200 géuge
PE without ventilation was not suitable for packaging brinjal.
In the present stuég,packaging;with 200 gauge PE without
ventilation resulted in excessive microbial spoilage and
balooning effect due to Co2 accumulation. Risse and Miller
(1983) studied the.effect of paper tissue, plastic film and
low temperature storage of brinja} and reported that wrapping
egg plant fruits in sealed plastic films reduced weight loss,
maintained firmness, but significantly increased decay
compared with tissue wrapped fruits or fruits wrapped 1in
perforated films. Hardenburg et al. (1986) reported that egg
plant fruit are <chilling sensitive at 10°C and below and
deteriorate’ rapidly at warm temperatures. Badgujar et al.
(1987) studied the effect of packaging in brinjal and reported
that 200 gauge PE with 1 per cent ventilation prolonged the

shelf life as compared to unpacked fruit in seven varieties of

brinjal.
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5.2.3 Chilli (Capsicum annum L.)

In chilli contact icing was found to be the efficient
precooling method prior to packaging under the two sStorage
environments. The mean shelf life was 3.50 days in control as
against 6.56 in precooled packaged samples under ambient
temperature storage. Whereas under refrigerated storages,'as
against a shelf life of 4.80 days in the control samples the
mean shelf 1life for the precooled packaged treatments was
20.36 days. Thus it can be seen that contact icing responds
well with chilli under packaged conditions. Ryall and Liption
{1979) stated that température of harvesteé peppers should be
brought down to a temperatﬁre of less than 12.8°C within 3
to'4 hours of harvest for better storage life. Contact icing
helps faster cooling of chillies that resulted in the extended
storage life. Hardenburg et al. (1986) has recommended rapid

precooling of harvested sweet peppers in reducing market loss.

Among the packaging treatments under ambient
conditions, minimum PLW was recorded in the unveﬁtilated
polybags. However; with respect to shelf life, ventilated
polybags was found more suitable. The best acceptability was
for 100 or 200 gauge ventilated PP bags. Under refrigerated
storage also, minimum PLW was recorded in the unventilated
polybags. But lowest unmarketability, m#ximum shélf life and

acceptability was recorded by 200 gauge PP. The overall
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performance for the PP bags is probably due to its glossy

appearance and silky feel.

Anandaswamy et al. (1959) has reported that
prepackaging green chilli, in 150 gauge PE is effective at a
temperature of 76 to 80°F and 60 to 75 per cént RH and also at
47 to 50°F and 80 to 90 per cent RH. They have also reported
that ascorbic acid content of gréen chilli is not effected by
prepackaging. Bussel and Kenigsberger (1975) studied the
effect of packaging on green bell peppers in selected
permeability films. They have reported that the greatest
reduction in weight loss was in the PE film and it did not
change significantly between different temperatures. However,
moisture condensation occurred inside at all temperatures
causing loss of the film transparency. It was also
accompanied by a significant increase in decay, compared to
other films. The most pronounced benefit of using selective
films, according to them was the reduction of water loss which
is one of the most important factors in the deterioration of
highly perishables.  The use of micro plastic films provides
an excellent protection against moisture loss especially when
they permit adequate gas exchange. So no injury results from
insufficient O2 Oor excess Co2 inside the packages. However if
condensation occurs as in PE films of low water vapour

transmission rate, it provides optimal conditions for
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microbial decay. Mohammed (1990) compared the performance of
two hot pepper cultivars with respect to their storability.
lle has reported that the variety 'Hot yellow' stored better
compared to variety 'Hot Red' at temperature 10, 20 and 30°cC.
Best storage temperatures was 10°C. Shelf life was restricted
in LDPE bags due to decay and extensive shivelling reduced the
shelf 1life in the paper bags. Decay caused by Erwinia
carotovora was hastened by the moisture saturated environment

caused by the high RH in LDPE bags.

5-2.4 Cowpea [Vigna unquiculata (L.) walp])

Cowpea is highly perishable under open Storage
conditions. In the present- study, contact icing and cold water
precooling treatments were found to be efficient. However,
under ambient storage environment, the increase in shelf 1life
on . account of precooling and packaging was only just one day
reQea}ing that these value additions may not be economical in
Cowpea for open storage. Anandaswamy and Iyengar (1961) have
reported that prepackaging of snapbeans has no beneficial
effect for storage under 100°F and 85 to 90 Per cent RH. They
have also reported that hydrocooling has no beneficial effect
for ambient temperature Storage. Under refrigerated conditiom‘
mean effect of contact icing and packaging treatments
increased the shelf life from 1.70 days to.8.26 days. Cowpea_

Pods being harvested in the tender stage is in a state of
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active respiration. Thus packaging results in accumulation of

Co., and heat of respiration. Kaufman and Ceponis (1962) have
2 h

reported that Lima beans are highly p?rishable and are also
susceptible to chilling injury. So they are precooled,
prefe;ably by hydrocooling.immediately after harvest and kept
at 1low temperature. Thompson (1964) has reported that in
consumer packaging of snapbeans when the temperature is above

7°C; decay is likely to be serious within a few days.

Among the packaging treatments tried for cowpea, better
ones were 200 gauge PP and 200 and 100 gauge PE without
ventilation with respect to PLW under refrigerated storage
conditions. For minimum unmarketability, maximum shelf 1life
and acceptability, the best treatment were 200 gauge
unventilated PE. Anandaswamy and Iyenéar (1961) have reported
that 100 and 200 gauge PE bags wifhout ventilation reduced PLW
in snapbeans as compared to the control. Bhatnagar et al.
(1984) reported that at low temperature, PE packaging proved
superior for prolonging the shelf life of pea pods uptoe 36
days S, due to restricted metabolic aétivities» and growth of

rotting organisms in the packaged environment.

In cowpea it was also observed that, under
refrigerated storage ventilated packages showed faster
spollage. The main reason for the spollage was the

disappearance of the green colour much faster as compared to
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unventilated packages (Plate 13). 1In the earlier cases of
brinjal and chilli,the ventilated packages had better shelf
life and acceptability than the unventilated packages. ' This
shows the specificity of the vegetables with respect to
moisture and gas permeability requirements. - Tomkins (1567)
have stated that most films are somewhat too impermeable to
Co, and to 0, and it would be generally more convenient if the
permeability to O2 was nearly equa} to the permeability of the

Co On-e simple way of changing permeability is to provide

2"
holes. This makes the films equally permeable to O2 and Coz.
The present investigations indicate that the above coﬁcept of
changing permeability may not always improve the shelf 1ife of
vegetables, Hall (1973) has stated that a package for a
res@iring product must ‘provide movement of gases in
appropriate quantities and directions; O2 into the package
environment from the outside atmosphere, Co, from the package
environment to the outside atmosphere, but with moisture

retained in the package to prevent excessive loss of moisture

and weight from the product.

5.2.5 Okra {Abelmoschus esculentus L. Moench.)

In okra, cold water was found to be an efficient
precooling treatment under packaged condition with a mean
. as -

shelf life of 5.80 dayshagainst 1.80 days in the control in an

open storage condition. Under refrigerated conditioq)a mean
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shelf 1life of 7.85 days with contact icing precooling and.
packaging was recorded against a shelf life of 2.80 days in
the 'unpackaged okra not subjected to precooling. Hardenburg
et al. (1986) has reported that okra deteriorates rgpidly and
is normally stored only briefly to hold for marketing 'or
prOCessing.. He has further added £hat okra has a very high
respiration rate at warm temperatures and prompt precooling is
essential. Salunkhe a;d Deas; (1984) has reported that unless
okra is cooled below 15.6°C soon after it‘is packed +the heat
of respiration causes the temperature of rise quickly and may
result in rapid deterioration. They have also reported that
hydrocooling is generally not recommended because water may
cause spotting as does prolonged contact with ice or ice
water. In the present investigatioglthe contact period was
only 20 minutes and therefore spotting symptoms were not
noticed in the treated pods. Pentastico et al. (1975) have
recommended a temperature of 8.9°C and 90 per cent RH to store
okra for about 2 weeks in a good marketable condition. - In the
present study also the packaged okra showed slight yellowing
with the advancement of storage (Plate 15) which is in
confirmity with the findings of Ryal ana Lipton (1979). Ryal

and Lipton (1979) have reported that cooled okra has to be
held at 7.20 to 1.0.80°C since at higher temperatures

toughening, yellowing and decay were rapid.
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Aamong the various packaging treatments kept under open
conditions, unventilated 100 gauge PE, PP and 200 gauge PE
wer; the better ones with respect to minimum PLW. However
with respect to unmarketapility, shelf life and acceptability
100 and 200 gauge unventilated PP bags were found to be the
best. Thus, it can be presumed that 100 gauge PP unventilated
bags are a suitable packaging -for okra for open storage
provided it is apprépriately precooled. Anandaswamy et al.
(1963) has observed that untreated okra prepackaged in
unventilated 100 gauge'PE film bag held under room température
conditions and 24 to 26°C and 72 to 75 per cent RH-had a shelf
life of 7 to 8 days as against 2 to 3 days in samples without
package. Kalra et al. (1988) has'reported that prepackaging
of okra in unventilated 200 gauge PP bags and storing at room
temperature (26-34°C, RH 65-90%) is advantageous upto 6 days

in the case of variety EMS-8.

As far as the refrigerated storage of precoocled and
prepackaged. okra is concerned 100 gauge unventilated PE bags
were found to reduce the PLW to the minimum. As far as
unmarketability, shelf 1life and consumer acceptability was
concerned, again 100 gauge unventilated PE proved to be the
best' treatment closely followed by 200 gauge PE
(unventilated) . Thus it can be concluded that contact icing

and ~ 100 gauge unventilated PE bag is the suitable
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recommendation for the prepackaging of okra under refrigerated
storage conditions. Anandaswamy et al. (1963) have reported
thdt 100 gauge unventilated PE extended the shelf life of okra
under cold storage condition upto 16 to 18 days as against 10
to 12 days in control. Joshi et al. (1984) has also reported
that unperforated PE enhanced the shelf life of okra to 15

days from two days in open tray.

In the case of okra stdraée in ventilated bggs did not.
improve shelf life or consumer acceptability. A similar trend‘
was observed in the case of cowpea var. Kanakamony in the
present study also. It may be noted that both cowpea and okra
are: harvested at tender immature stages where the rate of
respiration is generally high as compared to the mature stages
(Wwills, 1989). Anandaswamy et al. (1963) have reported tﬁat
ventilation did not enhance the shelf life of okra. He has
als9 reported that build up of Co2 in the unventilated film
bag provided suitable conditions for extending its shelf life.
Thus the results of the effect of ventilation on polgbags for
the storage of cowpea and okra reveal that ventilation have
specific influence on the postharvest behaviour of these

vegetables either in the open or in the refrigerated storage.

5.2.6 Tomato (Lycopersicon esculentum Mill.)

In the present investigation nature green tomatoes
) ]
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were used for the experiment. Among precooling treatments
both under ambient and refrigerated storage conditions;
contact: icing was found to be the best treatment. In the
refrigerated storage) cold water precooling was also found to
have a similar beneficial effect. Precooling and packaging
extended the mean shelf life from 4.80 days to 12.18 days
under open storage whereas under refrigerated condition it
went up. from ll.O‘days to 26.65 days. Srivastava et al.
(1962) have reported that precooling of tomatoes helps in
better retention of moisture and ascorbic acid, less wastage
and more uniform development of Colour when kept uﬁder a
storage condition of 11 to 13°C. Lingaiah et al. {1983b)
precooled tomatoes in water of 7 to 10°C for 10 minutes and
could not observe any beneficial effect. This indicates that
duration of precooling is important and the contact peried
must be long enough to bring about the required reduction in
the temperature of the produce in a rapid manner to retard the
physiological process that accelerated the senescence and

deterioration of the harvested commodity .

The packaging treatments with the precooled tomatoes
revealed that unventilated 100 gauge PE and PP were the
suitable packages to minimise the PLW both under open and
refrigerated conditioﬁs. In the open storage conditions, 200

gauge unventilated PE was equally good for the packaging of



204

tomato. As far as consumer acceptability, shelf 1life and
unmarketability is concerned ventilated bags were found
suitable. Under ambient and refrigerated storage conditions,
ventilated bags of 100 gauge PE was found to be generally
superior. Under ambient storage conditions 200 gauge PP and
PE ventilated bags were also found to be better packages.
Thié indicates that for open storage, films of thicker gauge
may' be necessary for mature green tomato provided the value

addition is affordable.

Risch and Watson (1980) studied the rate of weight
loss from tomatoes during storage. Their results showed that
wrabping individual tomatoes in polymeric films (PVC film)
resulted in lowest amount of weight loss. Rate of weight loss
were liner with time after 2 days of storage until 14 days and
correlated well with temperature aﬁd humidity of the storage
atmosphere. This results also confirmed that the calyx end
region of the tomato accounts for disproportion of large

amounts of total weight loss during storage.

Ceeson and Brown (1983) conducted an extensive study
to compare the permeability properties of about 20 plastic
films and to assess the effects of modified atmospheres
created by these films on the rate of ripening of tomato
fruits during and after storage.. They have reported that in-.

packs sealed with K-resin (Butadiene - Styrene co-polymer of
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100 gauge thickness) or with PVC films of 60-100 gauge
thickness, the concentration of both 0, and €O, equilibrateg
to 4 to 6 per cent after about 3 days.. Fruits in these packs
ripened much more slowly thanlthose in ventilated control
packs but continued to ripen normally when the packs were
opened after 1 to 3 weeks at 10°C and transferred to room
temperature. 1In packs sealed with less permeable films (such
as 100 or 200 gauge cellulose acetate or 60 gauge PP) the
(
concentration of 02 fell to 1-2 ber cent and that otho2
increased rapidly by 12 to 16 per cent, fruit ripening was
inhibited even after the packs were open. Fungal rots were
associated with low 0, or high Co, concentration and
excessively higher RH in certain bags. Risse et al. (1985b)
have reported that wrapped tomatoes stored at 13°C hag
significantly less weight loss and firmer than nonwrapped
tomatoes. They have also added that decay development was
similar for nonwrapped and wrapped tomatoes. MargngOni and
Stanley (1991) has reported that green house grown mature
green tomatoes could be stored for atleast 30 days at 12°C in
modified atmosphere with no detectable changes in guality. He
has also added that tomato samples kept at 6°C showed marked
deterioration after 15 days of storage in both air and
modified atmosphere. Jayanthi et al. (1993) . reported that
tomatoI fruits stored in low 0, (2-13%) and enriched Co,

(10-12%) wusing 300 gauge PE bags enhanced the shelf 1life of
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fresh tomatoes as compared to storage at normal atmospheres.
Naik et al. (1993) have reported that shelf life of tomatoes
could be increased almost four times.compared with control, by
packaging the breaker tomatoes in 300 gauge PE bags with 3
vents (0.25 inch diameter). They have also observed that loss
of moisture was directly proportional_to thickness and number

of vents of the bag.

From the present studies it can be concluded that
coﬁtact icing and 100 gauge PE film with or without
venfilation can be recommended as a suitable package for
mature green tomatoes for different storage environments. It
is also to be noted that the duration of precooling and the
area of the ventilation have significant role in the final

shelf life and other attributes of tomato.
5.3. Effect of portion packaging of large sized vegetables

This study was conducted with a view to assess the
effect of precooling and packaging on the cut piece of large
sized vegetables. -Five vegetables viz., ashgourd, elephant
foot yam, oriental piekling melon, pumpkin and snakegourd were
useq for the study. Except elephant foot yam all the other
vegetables belonged to the family Cucurbitaceae and had more
or less similar fruit characters. The salient results are

discussed below.
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5.3.1 Ashgourd (Benincasa hispida (Thunb.) Cogn.)

Under ambient temperature conditions precooled
ashgourd packaged in 100 gauge PP film was the best treatment
with' minimum PLW; whereas under refrigerated environment
minimum PLW was recorded by precooled ashgourd packaged in 100
gauge PE. Both under ambient and Treiiuiycrated environments,
packaging significantly reduced PLW and thus reduced
unmarketability. The moisture retention was more than 15 per
cent as compared to control tfeatments after 6 and 12 days
respectively under ambient and refrigerated conditions for the
packaged vegetables. Moisture loss being the primary. cause
for the unmarketability, packaging can be considered as an
efficient barrier for the moisture 1loss. Also packaging
protects the exposed cut surface of the vegetable from
contamination (by the atmospheric impgrities like dust, dirt
and microbial spores). The results revealed that the incidence
of Unmarkeﬁgbility was faster in the case of ambient storage
than in the refrigerated environment which is obvious. The
present study revealed that incidence of microbial spoilage
could be considerably delayed in the case of packaged
ashgourd. Further delaying, of the spoilage incidence was
noted under refrigerated condition. Symptgms of spoilage
could be easily detected so that rejection of sample is quite

easy (Plate 20 angd 21).
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5.3.2 Elephant foot yam (Amorphophallus campanulatus Blume

ex Decne)

The storage organ of the eléphant foot yam is the
undergrouﬁd'stem which is a corm. The moisture content of the
corm 1is much less as compared to ashgourd, pumpkin or
snakegourd and therefore the elephant foot yam has better
storability than these vegetables under natural conditions.
The . cut surface of the corm of elephant foot yam is usually
protected by a newly formed layer of callus tissue which is
quiéker under warmer conditions that at lower temperature. " In
the present study under ambient temperature éondition@
packaging and precooling treatments did not diffef
significantly among themselves but there was considerable
difference in PLW with the control and packaged samples where
control samples registered 25.80 per cent to 27.81 per cent
weight loss while the precooled, packaged treatments recorded
a mean PLW of 0.91 per cent only at the end of storage. Under
refrigerated‘ conditions, the packaggd treatments registered a
PLW of 0.36 per cerit whereas in the control samples it was
18.72 to 21.32 pe? cent. Similar trend was noted in the
incidence of unmarketability and also in consumer
acceppabilit&. Thus portion packaging of elephant foot yam is

P
good for reducing PLW, unmarketability and extending the

consumer acceptability for a longer period of time. 1In this
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case also packaging delayed the incidence of microbial
spoilage under >refrigera£ed conditions. There was ' no
significant difference between 100 gauge PE and PP films under
refrigerated conditi0ps. whereas for ambient c¢ondition 100
gauge PP film was found superior to 100 gauge PE. Thus it can

be mentioned here that physical properties of the films became

. n
more important at warmer temperature thak at lower

temperatures.

5.3.3 Oriental pickling melons (Cucumis melo Var. Conomon (L}

Makino)

In the case of oriental pickling melon also, precooling
and packaging reduced the PLW considerably as in the previous
cases. The control samples in open condition registered 18.59
per cent and 19.50 per cent moisture loss three days after
storage, whereas the PLW was less than 1 per cent after 6 days
in precoocled and packaged vegetable kept under open storage
and after :12 days under refrigerated storage conditions.
Similar beneficial effect of packaging was noticed in the case
of unmarketability ‘and consumer acceptability under both the

storage environments.

Salunkhe and Desai (1984) have reported that
hydrocooling is useful for pickling and slicing cucumbers

harvested during hot weather. They have also reported that
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packaging of cucumbers in ventilated films reduced weight loss
considerably. Atwa et al. (1980) reported that packaging and
refrigeration . reduced weight 1loss 'in cucumber. He also
reported that‘decay was greater in packaged fruit especially
under ambient conditions. Packaging had only slight effect oﬁ
chemical composition. Risse et al. .{1985a) reported that
wrapped cucumber had slightly less weighf loss than unwrapped

ones.

5.3.4 Pumpkin {(Cucurbita moschata Duchesne)

Unlike ashgourd and oriental pickling mélon; pumpkin
has got a thick skin. However this thickéning of the skin
takes place 1in the later sfages of maturity and fruits for
vegetable use are harvested at an earlier stage when the
thickening of the fruit skin is not completed. Salunkhe and
Desai (1984) has reported that even under best storage
conditions, 1loss in weight 1s considerably high in pumpkins
owing to loss of water and carbohydrates. Although the
perpentage of water may not change appreciably during storage,
the actual loss by evaporation is masked by the water formed
in the respiration and'also-by the lqsé of dry matter mainly
the carbohydrates. In the present studx) precooling and
packaging with 100 géuge PP/PE film considerably reduced the
PLW in portion packaged pumpkin. When the control slices kept

in the open registered a weight loss of 27.78 and 36.84 per
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cent within three days, packaging brought this down to as 1low
as 0.34 per cent after six days in the open condition. Under
refrigerated condition even on the fifteenth day the PLW was
only 0.45 per cent. Packaging - extended the consumer
acceptability and shelf life both under open and refrigerated
conditions. Moreover, portion packaging of pumpkin has the
added advantage that the consumer will be able to appreciate
the internal flesh colour as it is considered that the deeper
the yellow colour more is the carotene content. Also it gives

a chance to select fruits with more flesh thickness.

5.3.5 Snakegourd (Trichosanthes andquina L.)

The vegetable' snakegourd fruit is very teﬁder as
compared to pumpkin, ashgourd and oriental pickling ‘melon.
Therefore it is more. perishable. It is long cylindrical in
shape and the portioned snakegourd is more or less like a tube
with : two cut ends (Plate 30). Results of the present study
indicate that precooling and packaging with 100 gauge PP or PE
film significantly reduced the PLW in snakegourd. The
precooled and packaged snakegourd kept under open conditions
recorded a PLW of 0.85 per cent after twelve,days of storage
whereas the PLW of the snakegourd portions kept in open
without packaging was 38.1 per cent even at the end of six
days of storage. Under refrigerated conditions PLW at the end

of s8ixth day was 22.1 and 22.4 per cent when snakeyourd was
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" kept without packaging as against a PLW of only 0.53 per cent
for precooled and packaged snakegourd portions after 18 days
of storage thereby retaining its acceptability. Thus it cén
be seen that precooling and packaging improves the shelf 1life
of snakegourd considerably even under open conditions and
substantially under réfrigerated conditions. Because of the
reduced PLW, the incidence of unmarketability was delayed and
consumer acceptabilfty was ext?nded. In the case of
snakegourd, portion packaging can help mask the curved nature
of the fruit to some extent and thereby imprové its
marketability. Another advantage of portion packaging of

snakegourd to the consumer is the convenience in handling.

5.4. Incidence o©of spoilage in precooled and packaged

vegetables

The spoilage associated with precooling and packaging

of different vegetables are detailed below:

5.4.1 Amaranth (Amaranthus tricolor L.)

In the case of ‘unpackaged amaranth subjected to
precooling,the type of spoilage observed was withering of the
leaves both under ambient and refrigerated environments
(Plate 5}. Unpackaged amaranth showed rapid moisture loss due
to ﬁranspiration. Since there was no barrier to the water

vapour, it diffused in quickly into the surrounding atmosphere
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(Basak, 1980). With respect to prepackaged samples
differences in type of spoilage were observed in unventilated
and ventilated polybags. In unventilated polybags/ the
unmarketability was due to microbial decay whereas in amaranth
prepackaged in ventilated polybags the spoilage observed was
due to wilting of the leaves (Plate 5). The quilage observed
in unventilated and ventilated pélybags were similar under
both the storage environments. Haidenburg (1971) reported
that microbial decay was more in unventilated bags. The
abundance of moisture in unventilated bags favoured microbial
groﬁth. He has_also added that adequate ventilation should
also be provided so that both, 1life processes viz.,
respiration and transpiration.are kept at the minimum without

causing damage to the produce.

5.4.2 Brinjal (Solanum melongena L.)

In the case of precooled samples/the spoilage observed
was desiccation ‘of the fruit both under ambient and
refrigerated environments (Plate 7). Hardenburg et al. (1986)
observed rapid deterioration of eggplants at warm
temperatures. Loss of sheen and wilting are symptoms of
normal deterioration. A temperature of 8 to 12°C and a
relative humidity of 90 to 95 per cent prevented normal

deterioration. In unventilated packages microbial decay was
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the type of spoilage observed (Plate 7). Phomopsis sp. and
bacteria were found to be associated with the spoilage. In
ventilated packages the spoilage observed was shrinkage of the
fruig. Both under ambient and refrigerated environment the
symptoms of spoilage were similar. Viraktamath et al. (1963)
observed faster wilting due to higher PLW in brinjal packaged
in ventilated polybags. Mohammed and Sealy (1986) reported
that the severity of .microbial decay in brinjal fruits
prepackaged in LDPE may have been aggravated by the high
relative humidity and modified atmosphere which resulted in
subsequent proliferation of pathogens. Although positive
identification of the causal agents was not made Symptohs of
bacterial soft rot, phomopsis rot and grey mould rot was
observed. The above findings supports the results of the

present study..

5.4.3 Chilli (Capsicum annum L.}

In chillies Subjected to precooling, shrivelling of
the fruit was the symptom of spoilage observed both -under
ambient and refrigerated storage (Plate 10}. Hardenburg
et al. (1986) reported that hot peppers musSt be held in high
relative humidity of 90-95 per cent or else will rapidly
become wilted. 1In packaged samples both in unventilated and
ventilated, the spoilage observed was microbial decay

(Plate 10}. Colletotrichum sp. was found to be associated
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with the decay. The spoilage symptoms were similar under both
the storage environments. Signs of dehydration, such as dull,
shrivelled pericarp were the most obvious defect in unpackaged
bell peppers. 1In contrast, packaged peppers showed microbial
rotting which was the major quality defect in packaged peppers
(Brackett, 1990). Bussel and Kenigsberger (1975) observed
high moisture condensation in PE bags containing bell peppers
at all storage temperatures which resulted in providing
optimal conditions for decay development. Eckert et al.

———

(1975J stated that anthracnose caused by Colletotrlchum sp.

causes serious damage during storage.

5.4.4 Cowpea (Vigna unguiculata (L.) walp)

In precooled samples) the spoilage observed was wilting
and shrivelling of the pods. The spoilage symptoms were
similar both under ambient and refrigerated environment
(Plates 12 and 13). Moisture loss of fresh vegetables during
Storage may lead fo serious loss- of quality and marked
reduction in storage life as'a result of shrivelling, wilting
and softening (Van den Berg and Lentz, 1971). In péckaged
samples difference in spoilage symptoms were observed both
under ambient and réfrigerated environment. Under ambient
storage;microbial decay was observed both in unventilated and

ventilated polybags (Plate 12). With respect to refrigerated
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stotage, differences were observed in spoilage symptoms among
cowpea packaged in ventilated and unventilated pelybags. In
ventilated bags, the spoilage observed - mainly was
discolouration of the pod surface where as in wunventilated
bags softening of the pods followed by microbial decay was
observed (Plate 13). Fusarium sp. was found to be associated
with the spoilage in both ‘- the storage environments,
Amandaswamy and Iye;gar (1961), observed high amount of
wilting, microbial decay and discolouration in prepackaged
snapbeans held under different storage temperatures.
Bhatnagar et al. (1984) have attributed early microbial

infection and deterioration in prepackaged pea pods due to

high retention of moisture in the inpackage environment.

5.4.5 Okra (Abelmoschus esculentus L. Moench)

The spoilage observed in precooled produce kept under

open conditions were wilting and discolouration of the pods

(Plates 15 and 16). Hardenburg et al. (1986} reported rapfd
toughening, yellowing and shrivelling in okra at high

temperatures and low relative humidity. A temperature of 7 to
10°C and a relative humidity of 90 to 95 per cent is desirable
to prevent shrivelling. In packaged samples both undef
ambient and refrigerated conditions differences in spoilage
symptoms were obsérved among okra packaged in ventilated and

unventilated bags (Plates 15 and 16). In ventilated packages
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the type of spoilage mapifestéd was surface discolouration of
the pods. 1In unventilated packages, softening and microbial
decay was the main symptoms of spoilage. Anandaswamy et al.
{1963) reported that the 1loss of marketability in Okra
prepackaged in ventilated plastic films was due to wilting.
Saimbhi and Randhawa (1983) reported loss of marketability in
okra prepackaged in unventilated PE bags was due to microbiai
decay. It was also observed that tﬂe loss of marketability in
unpackaged fruits was due to yellowing, shrivelling and

blackening of the edges.

5.4.6 Tomato (Lycopersicon esculentum Mill.)

In the case of precooled samples, the spoilage observed
was shrivelling of the fruit skin  and shrinkage of the entire
fruit both under ambient and reffigerated storage (Plate 18}.
Loss of moisture with consequent wilting or shrivelling of the
tomatoes is the most obvious way in which freshness is lost
and affects the appearance, texture and salability undefm—open.
conditioﬁs (Naik gEl_l., 1993). 1In packaged samples under
ambient and refrigerated storage, the spoilage observed was
microbial rotting (Plate 18). The rotting was seen both in
ventilated and unventilated bags. Moreover fruits held under

unventilated packages failed to develop the normal red colour

under refrigerated storage condition. Hardenburg et 1.
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(1986) reported that mature green tomatoes held for 2 weeks or
longer at 13°C may develop an abnormal amount of decay and may
fail to develop a deep red colour. The optimum temperature

for ripening mature green tomatoes ranges from 18 to 21°C.

5.5 Incidence of spoilage associated with portion packaged

vegetables

The spoilage resulting in unmarketability of the

|

portion packaged vegetables are given below:

5.5.1 Ashgourd (Benincasa hispida (Thumb.) Cogn.)

The spoilage symptoms associated with portion packaged
samples under ambient and refrigerated storage conditions were
microbial rotting, softening and brown discolouration of the
cut surface (Plates 20 and 21). Rhizopus sp. was found to be

associated with the spoilage.

5.5.2 Elephant foot yam (Amorphophallus campanulatus Blume ex

Decne)

The spoilage symptoms associated with unmarketability
in packaged samples were the brown discolouration and
microbial growth of cut surface (Plate 23). The symptoms were

similar both under ambiént and refrigerated. storage.
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5.5.3 oOriental pickling melon (Cucumis melo var. conomon (L.)

Makino)

In packaged samples, the spolilage associated with
unmarketability both under ambient and refrigerated storage
were the discolouration of the cut surface and microbial decay
(Plates 25 and 26). In control samples the wunmarketability
was due to microbial growth aﬁd discolouration of the cut
surface and shrinkage of the piecé of melon. Fusarium sp. and
Diplodia sp. were found to be associated with the spoilage.
Wwalter et al. (1990) reported that pickling cucumbers stored
at 62 per cent RH exhibited more senescence characteristics
and Jllowy tissue disorders than fruits stored at 93 per cent

RH.

5.5.4 Pumpkin (Cucurbita moschata Puchesne)

The spoilage .associated with packaged produce both
under ambient and refrigerated storage was microbial decay.
For the control samples the spoilage associated with
unmarketability was?microbial rotting and softening (Plates 28
and 29). Rhizopus sp. was found to be associated with
rotting. In pumpkin higher humidities promote decay and lower
humidities causes excess weight loss and tissue deterioration

(Ryall and Lipton, 1979).
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5.5.5 Snakegourd (Trichosanthes anguina L.)

The spoilage associated with unmarketability of the
packaged produce was microbial aecay and shrinkage {(Plate 31).
In control samples the spoilage observed were discolouratior
and shrinkage. Rhizopus sp. was found to be associated with

the spoiled tissues.
5.6 Economic analysis of the valye addition processes

In the present study value addition was done to the
fresh vegetable during'four stages viz. precooling, packaging,
portion packaging and ref;igeration. The value addition is
always limited by the préfitability realized out of the sale
of the vegetable. The high perishability of the vegetables

offers a lot of risk to the value addition processes.
5.6.1 Precooling treatments

The prevailing market rate of iée blocks were 15
rupees for a block of fifty kilogram. Thus the cost of one kg
of ice works out to 0.30 rupees. In the present study, equal
guantity of crushed ice was used with every kilogram of the
vegetable. Thus the value addition amounted to 0.30 rupees
per kilogram of vegetables. The other precooling treatments
obviously are the cheaper ones with the tap water treatment

being the cheapest. Results revealed that precooling
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treatments were not very efficient in extending the shelf life.
of vegetables stored under ambient temperature conditions.
Eventhough contact icing improved shelf life of open stored
brinjal, chilli, cowpea and tomafo; the feasibility for
recommending this treatment may be limited to chilli, cowpea
and tomato only and not to brinjal because of its lower market
price. Precooling with cold water was found beneficial for
cowpea and chilli uﬁder ambientI temperature conditions.
Eventhough the extension of shelf life and acceptability- due
to precooling is about one to two days, it is important as far
as the vegetables kept in the open condition are concerned
especially when the market prices are high. 1In the present
study the contact time for the precooling is only twenty
minutes. Within this period only a part of the ice is melted
and also the coldness of the cold water was not completely
transferred into the vegetable. This suggest two options; (1)
Reuse of the recovered ice and cold water; (2) Extending the
contact period of  precooling which needs -further

investigation.

The effect of precooling was more pronounced in the
low temperature environment. ‘However; further studies with
packages revealed that under low temperature environment

precooling alone may not give the desired advantage. Hence
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the economic analysis is explained for packaged vegetables

kept in the low temperature.
5.6.2 Packaging treatments

Under ambient conditions, the' packaging nearly doubled
the shelf life in most of the cases. However, the performance
can vary from season to season due to variations in the
temperature and humidity of the environment. This creates
some amount of uncertainty to recommend packaging treatments
for open displayed vegetables. 1In situaﬁions, where there is
some certainty about the‘minimum daily off - take, vegetables
can be precooléa and packaged in‘suitab;é polybags so that the
benefit of extended acceptability, reduced spoilage can be
made use of.. The present study revealed that a 200 gauge PE
and PP cover adds value at the rate of 0.40 and 0.19 rupee
respectively (The market price of 1 kg PE or PP cover was
Rs.70 and Rs.60 respectively). The use of 200 gauge PP covefs
can be recommended for amaranth, brinjal, chilli, cowpea, okra
and tomato. The study has also revealed that 100 gauge PP
cover can be used for chilli, cowpea and okra which was the
cheapest of the polybags used with a cost of 0.11 rupee per
cover. It may be further added that prepackaging eliminates
the necessity of subsequent weighing and packaging at the
retailer 1level there by reducing the overhead expenditure.

Thus it can be concluded that packaging of fresh vegetables
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can be undertaken selectively by leading vegetable
retailers/supermarkets. This will help the consumers realize
the advantages of packaqing of vegetables and thus the concept

of prepackaging of vegetables will become more popular.

Under refrigerated conditions there is considerable
increase in the shelf 1life of the vegetable. The results of
the study indicated that about 50 kg of vegetables packed in
units of 500 g can be conveniently stored in a refrigerator
which consumed two units of electrical energy pef day. At the
present rate of Rs.1.98 per unit of electrical energy, the
value addition an account of low temperature storage is 0.05
rupee per day per kilogram of vegetable. The capital cost,
depreciation value etc. have not been included in this
estimate. It is relevant to point out at this juncture tha£
the National Horticulture Board of the Government of India has
subsidised schemes for setting up of precooling facilities and
cold storages. In the present study the maximum shelf 1life
under refrigerated storage ranged from 8.15 days in okra to
27.80 days in tomato. This gives a lot of convenience to the
vegetable merchants to plan the  procurement of fresh
vegetables depending on market fluctuations. Thus the scope
of consumer packaging and low temperature storage is not
merely restricted to the extension of shelf 1life of the

vegetable. It has other implications like planning the raw



224

material procurement, better consumer satisfaction and other

convenience in the trading process.
5.6.3 Portion packaging

Results of the portion packaging experiments revealed
that incidence of unmarketability in vegetable slices kept
under ambieqt temperature conditions can be reduced with the
help of precooling and packagin;%edaoo gauge PP and PE was
found suitable for the packaging of ashgourd, elephant foot
yam; oriental pickling melon, pumékin and snakegourd through
reduction of PLW. With respect to unmarketability and
consumer accepéabilit;, the effect of these two types of
packaging films were more or less alike. While packaging it
is preferable to exclude as much air as possible from within
the package for better shelf life and acceptability. !PP being

lower in density, works out to be the cheaper packaging film

as compared to PE film of the same thickness.

In the refrigerated environment also both the films
were found efficient for the portion.packaging of ashgourd,
elephaﬁt foot yam, oriental pickling melon, pumpkin and
snakegourd. For ashgourq,lob gauge PE was found to be the
best whereas for eleghant foot yam and oriental pickling melon
100 géuge PP were found to be the best while in other caées

both the films performed in a similar fashion as far as the
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PLW was concerned. There was considerably enhancement of
shelf life over the open stored samples. Here again the value
addition per day an account of the lbw temperature environment
was slame as in the other cases i.e., 0.05 rupee per kilogram
of vegetable per day as compared to the traditional system of
selling vegetables in slices. Keeping the cut vegetables in
the open without any packaging results in considerable amount
of loss, since every time a new slice 1is -taken froﬁ the
vegetable a portion of the previous cut surface is rejected to
satisfy the customer. In the portion packaging systems this
loss can be avoided. Together with the considerably reduced
PLW the saleable weight of large sized vegetable will thus be
considérably increased. Ultimately the advantage of this type
of scéentific marketing system will increase the farm gate
price »f the farmer. Setting up of refrigerated display
shelves for packaged and portion packaged vegetables can be
tried .n the leading supermarkets in the urban area and- also .
in the vegetable retail outlets éf agencies like Kerala
Horticultural ' Products Development Corporation (Haritha
Stalls). Automatic packing machines. with computerized
weighing facilities are available in the developed countries.
when the prepackaying of the vegetables become popular, such
machinés can be imported and it will open up a new avenue for

generaﬁing employment in the state viz. the packing house
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operat&ons for fruits and vegetables. Such developments will
help the development of the overall markefing system in
vegetaples and make the consumer more quality conscious.
Facilities for rapid detegtion of pesticlde residues can also
be arranged in such packing houses where by it will be
possible to reject vegetable with high amoun£s of toxic
residues. The produce from orgaﬁic farming can be especially
packaged with suitable logo and at present in the developed
countries the organically produced fruits and vegetables
without residues fetch four times a market price as compared
to the traditionally grown produce using a lot of fertilizer

and pesticide.

The present study revealed that precooling and
packaging can be effectively used for reduction of post
harvest losses in vegetables. Even under ambient temperature
conditions; precooling and packaging has advantageous effects
which . can considerably increase the saleable quan;ity of
vegetable as compéred to the traditional handling system.
Precocling and packaging changes the whole system of vegetable
marketing and adds a lot to the commodity status of
veget&bles. Consumers are provided with vegétables of their
choice in convenient packages prepared under hygienic
conditions. The supermarkets and the vegetable retail outlets

of agencies like the Kerala Horticultural Product Development
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Corporation can successfully undertake the prepackaging of
vegetables and display for marketing in a refrigerated
envirohment.’ This will raise the status of the vegetable to
that of a stable packaged commodity. Eventually this improved
marketing system will fetch the farmer a higher farm gate
price on account of the reduced post harvest losses and also
the overall improvement of the marketing system which can
eliminate the middleman and establish a direct link with the

farmers and the supermarket net work.

Further investigations are required on the
optimi;ation of the duration of precooling treatments. The
exact role of ventilation in providing an extended marketable
shelf life for different vegetables needs to be standardized.
Use of heat shrinkable polymeric films for packaging with the
help of automatic machines may have better results than those
used in this study. The study also emphasizes the need for

educating the farmer about the importance of post harvest

technology similar to that of improved production technology.
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SUMMARY

The present study "Consumer packaging of selected
vegetables™ was conducted in the Department of Processing
Technology, College of Horticulture, Vellanikkara during June

1992 to October 1993. The study consisted of the following

experiments.

1. Standardisation of precooling treatments to improve the

post harvest life of fresh vegetables.

2. Effect of . precooling and packaging on shelf 1life of
veyetables under ambient and refrigerated storage

environment.
3. Effect of portion packaging of large sized vegetables,

The experiment on the standardisation of precooling
treatments aimed to improve the post harvest 1life of
vegetables revealed that the precooling treatments
significantly reduced the physiological loss in weight (PLW)
and unmarketability of the vegetables viz., amaranth, brinjal,
chilli, cowpea, okra and tom§£o during storage. In all these
vegetables, precooling fhe produce immediately after harvest
reduced the PLW and enhanced the marketability of the produce

both under ambient and refrigerated storage environment. The



229

effect of precooling was more pronounced when it was done
priorl to low temperature storage. Though the response to
different precooling treatments varied with vegetables contact
icing and cold water treatments were found to be more

efficient in most of the cases.

Combination of the precooling and packaging treatments
also significantly influenced PLW, unmarketability, shelf life
and consumer acceptability in !amaranth, brinjal, c¢hilli,
cowpea, okra and tomato both under ambient and refrigerated
storaye environments. Among precooling treatments, in
general, contact icing and cold water treatments were found to
be the‘efficient methods, both under ambient and refrigerated
storage and it in reduced PLW, retained the marketability and
enhanced the shelf life of packaged vegétables. With respect
to packaging treatments, differences in behaviour were
observed for PLW, unmarketability, shelf life and consumer
acceptability amony vegetables stored under ambient and
refrigerated environments. Irrespective of packaging
materials and storage environments, vegetables packaged in
unventilated polybaygs recorded the lowest PLW. Whereas, the
effect of ventilation was very specific for dif ferent .
vegetables with respect to shelf life, unmarketability and

!

spoilage. In the case of amaranth, under ambient temperature

storage 200 gauge Polyethylene {(PE) or Polypropylene {PP) with
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0.5 per cent ventilation was found to be best for reducing
PLW, retaining the marketability and enhancing the shelf 1life
and consumer acceptability. In the case of refrigerated
storage for amaranth 100 gauge PE'and 200 gauge PP without
ventilation were found to be the ideal packaging materials.
Moreover, the refrigerated storage extended the shelf life of
packaged samples by about three times as compared to ambient
temperature storage. In brinjal, packaging in 100 or 200
gauge PE with 0.5 per cent ventilation were . found to be
beneficial both under ambient and refrigerated environments.
Prepackaging followed by low temperature storage increased the
shelf life almost three times compared to prepackaged brinjal
held under ambient temperature storage. 1In chillies, wunder
ambient temperature storage, prepackaging in ventilated 100 or
200 gauge PE and 100 or 200 gauge PP were found to be
effective in reducing the PLW, retaining the marketability and
extending the shelf life and consumer acceptability. ﬁith
respect to refrigerated storage packaging in 200 gauge -PP with
0.5 per cent ventilation was found to be beneficial. In
refrigerated storage, for prepackaged samples a shelf life of
about three times were obtained as compared to ambient
temperature storage. In cowpea, prepackaging the pods in 200
gauge PE or PP and 100 gauge PP with 0.5 per cent ventilation
were found to be effective under ambient temperature storage.

With respect to refrigerated storage, packaging the pods in
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200 gauge PE without ventilation reduced PLW, retained the
marketability and enhanced the shelf 1life and consumer
acceptability. An increase in shelf life of about four times
was obtained for prepackaged samples held under refrigerated
storage as compared to ambient temperature storage. In okra,
under ambient temperature storage, the efficient packaging
material was found to be unventilated 100 or 200 gauge PP
whereas under refrigerated storage it was 100 or 200 gauge PE
without ventilation. " An increase in shelf life of about two
times were obtained for prepackaged samples held " under
refrigerated storage as compared to ambient . temperature
storage. In the case of tomato, under ambient temperature
storage, packaging fruits in ventilated 100 gauge PE and 200
gauge PE or PP were féund to be effective in reducing PLW,
retaining the marketability and enhancing the shelf life and
consumer acceptability. With respect to refrigerated storage,
the most efficient packaging material was 100 gauge PE with
0.5 per cent ventilation. Prepackaged samples held- under
refrigerated storage had a shelf life of about three times
higher compared to ambient temperature storage. In all
vegetables, irrespective of storage environments, the
prepackaged samples had higher shelf life compared to those

held without packaging.



The storage study of precooled portioned vegetables
viz., ashgourd, elephant foot yam, oriental pickling melon,
pumpkin and snakegourd packaged in polymeric films revealed
that by portion packaginé the PLW could be reduced thereby
delaying the incidence of unmarketability both under ambient
and refrigerated environments. 1In ashgourd, elephant foot
yam, oriental pickling melon, pumpkin and snakegourd packaging
the vegetable pieces in 1UU gauge, PE or PP coupled with low
temperature storage extended the marketability upto 10, 13,

10, 11 and 15 days respectively.

In precooled vegetables kept without packaging,
wilting, shrivelling, discolouration and shrinkage were the
types of séoilage observed under ambient and refrigerated
environments. In packaged samples spéilage due to microbial
decay, discolouration and softening were observed under the

two storaye environments.

Precooling, packaging and refrigeration are value
addition processes. . Among precooling treatments/%ost addition
on account of contact icing worked out to 0.30 rupees per
kilogram of vegetables. The other precooling treatments are
cheaper ones with tap water Ereatment being the cheapest.
Wwhen the cast of packaginy was considered, polypropylene was

found to be the cheapest package with a value addition of 0.1l
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and 0.19 rupee per cover for 100 énd 200 gauge PP
respectively. The results of low temperature studies revealed
that approximately 50 kilogram of vegetables packaged in units
of 500 gram can be conveniently stored in a refrigerator with
a value addition of 0.05 rupee per kilogram or vegetable per
day. The value addition is always limited by the profit
realized out of the sale of. the vegetable. Precooling,
prépackaging supplemented with low temperature storage not
only extends the shelf life but also helps the vegetable
merchants to plan ghe procurement of fresh vegetables

depending on market fluctuations.
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Appendix

Some Typical Properties of Produce Packaging Films

Specific Tensile

Peclye-
thylene
low

gravity
approx.

density -

Polye-
thylene
high
density

Polypro-
pylene

Polysty-
rene

Poly
vinyl

chloride

(PVC)

)

strength,

kg/cm

100-150

200-500

400-600

600-850

300-1000

Approx.
elonga-~
tion
until
failure,

200-600

20-400

150-600

10-70

10-500

Heat
sealing
temp.
range
CO

150-260

180-310

160-200

120-160

135-180

50-70

40-70

5070

Heat
Shrink
tunnel
temp.
range,

150-230

170-230

130-160

120-170

Ty jical Water
thickness vapor
range, mm trans-

mission,

g 545

mm~/24 hr.
0.025-0.050 1.2-1.4
0.010-0.015 0.3-0.6
0.013-0.040 0.5-0.70

0.025-0.040 6-10

0.010-0.035 2-5

Gas trang—
mi§sion,
cm, 645

mm /24 hr
0 cO
500 2000
100 450
250 900
330 1100
500 3500
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ABSTRACT

The present study on "Consumer packaging of selected
vegetables" was conducted.in the Department of Processing
Technology, Kerala Agricultural University, Vellanikkara
during June 1992 to October 1993. The study on
standardisation of précooling treatments to improve  the
postharvest 1life of the vegetables viz., amaranth, brinjal,
chilli, cowpea, okra and tomato revealed that precooling the
vegetables immediately after harvest reduced the physiological
loss in weight (PLW) and enhanced the marketability both under
ambient and refrigerated storage environments. The effect of
precooling treatments was more pronounced when precooling was
immediately followed by refrigerated storage. Among
precooling treatments, contact icing and cold water treatments
were found superior to tap water treatment in most of the

cases.

The study on precooling and packaging treatments on
amaranth, brinjal, chilli, cowpea, okra and tomato revealed
that precooling followed by immediate packaging of the
vegetables in 100 or 200 gauge polyethylene or polypropylene
bays reduced the PLW considerably. Moreover, packaged

vegetables had better consumer acceptability and has remained



marketable for 1longer periods both under ambient ang
refrigérated storage conditions. In most of the cases,
contact 1icing and cold water treatments gave petter results
among precooliny treatments. With respect to packaging, under
ambient temperature storage, 100 or 200 gauge polyethylene or
polypropylene bags with 0.5 per cent-ventilation was found to
be ideal except in okra where unventilated polybags was the
best. 1In refrigerated storage for brinjal,chilli and tomato,
polybags with 0.5 per cent ventilation was found to be ideal.
For amaranth, cowpea and okra polybags without ventilation was
found to be more efficient. Refrigerated storage enhanced the
shelf 1life of packaged vegetables 3-4 times as compared to

packaged vegyetables kept under ambient temperature storage.

The storage study on precooled portioned vegetables
viz., ashgourd, elephant foot yam, oriental pickling melon,
pumpkin and snakegourd packaged in polymeric films revealed
that portion packaged végetables had lower PLW and remained
marketable  for longer periods both under ambient and

refrigerated storage environments.

Wilting, shrinkage, shrivelling, discolouration and
microbial rotting were the common types of spoilage in

packaged vegetables.



Cost-wise, among precooling treatments, tap water

treatment, was the cheapest followed by cold water and contact

icing. Among polybags polypropylene was cheaper compared to

polyethylene.





