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IN T R O D U C T IO N

Breadfruit, Artocarpus altilis formerly known as Artocarpus incisus or 

A. communis belonging to the family Moraceae provides staple food for the people 

of South Pacific. Its introduction to the New world was connected with the 

memorable voyage of Captain William Bligh, who had seen the fruit in the Pacific 

Islands and considered it to be a promising foodstuff for the future.

Breadfruit is not-consumed in the ripe stage in the popular sense of the 

term ‘fruit’. It contains considerable quantities of starch and is consumed mostly as 

a vegetable and seldom eaten raw. In addition to being a good source of 

carbohydrates, it also has fair quantities of calcium, potassium and phosphorus 

(Graham and DeBravo, 1981). Though not high in protein, the amino acid profile 

of its protein was found to be favourable (Arcelay and Graham, 1984).

In the West -Indies and on the American mainland from Mexico to 

Brazil, the breadfruit- tree is grown in indoor yards and the fruit is sold in the 

market in the fresh form. It is also grown in countries like India, Tahiti, New 

Guinea, Colombia and as far as Western Micronesia.

In India, the major harvesting season starts from March to June; the 

main problem associated with its utilization is the high perishability. The fruit 

ripens in a short period of three to four days at ambient condition. Within this 

period, the fruit is transformed from green firm stage to ripe soft sweet product 

making it susceptible to mechanical damage and pathological spoilage. It is a fast 

ripening “climacteric” fruit resulting in faster depletion of stored food reserves.
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Besides the high ambient temperature prevailing in most tropical conditions, heat 

build up, moisture loss, faster respiration rate and breakdown of cellular 

organisation leads to softening, colour development and other biochemical changes 

associated with the ripening making it unfit to use as a vegetable.

Therefore it is highly imperative to carry out investigations to curtail the 

respiration rate, thereby bringing an extension to the shelf life of the material.

Low temperature storage is a time tested storage technique and therefore 

needs to be explored giving various pre-packaging treatments. Attempts are also to 

be made to store them in a semi processed or minimally processed form under low 

temperature, so that it can be made available in a “ready to cook” form during the 

off season. Efforts have also been made to keep the materials in a dehydrated form 

with suitable pre-treatments and packages to make them available almost round the 

year.

Therefore the present investigation entitled “Shelf life of breadfruit 

{Artocarpus altilis (Park) Fosberg) was laid out with the following major 

experiments.

1. Storage of fresh fruits both at ambient and refrigerated temperature.

2. Storage of minimally processed, breadfruit slices

3. Dehydration and subsequent packaging studies.



R eview  oj- cJ îtav'citiAre



R E V IE W  O F  L IT E R A T U R E

Breadfruit, Artocarpus altilis, a good source of carbohydrates was 

considered to be a staple food for the people of the South Pacific some time ago, 

but now it is also cultivated widely in the Malay Archipelago, India, Tahiti, West 

Indies, New Guinea and Columbia. Earlier the fruit was known as Artocarpus 

communis Forst, Artocarpus incisus Linn (Barrau, 1957) but the most widely 

accepted name now is Artocarpus altilis (Park) Fosberg (Stone, 1974). It is a 

tropical fruit crop growing to a height of 12-30 m, having a straight trunk with 

thick buttresses and branchlets. The leaves are alternate and crowded at the tip of 

the branchlets. The inflorescences are unisexual-monoecious and axillary. The 

male inflorescences are yellow in colour, cleavate, drooping or curving 

downwards. The female inflorescences are globose-ovoid with flowers crowded 

together at the base. The fruit is a syncarp, greenish yellow in colour, spiny and 

commonly seedless (Ochse, 1931). The tree starts yielding 5-6 years after planting. 

The average yield per tree is about 200 fruits with weight ranging from 0.5-3 kg 

per fruit (CSIR, 1948).

Purseglove (1968) reported that fruits mature between 60-90 days after 

setting of inflorescence depending upon the variety, climate, soil and cultural 

conditions. The fruit is harvested when still firm, hard and unripe.

Graham and DeBravo (1981) separated the breadfruit into three 

different parts viz. the skin, stem and heart and pulp. It is the fleshy pulp of the 

fruit that is usually consumed; and it is rich in starch, protein, minerals and certain
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vitamins. The major constituents of the fruit, besides moisture are starch, sugars, 

protein and crude fibre. These constituents vary at the four different stages of 

maturity viz., very immature, immature, mature and very mature stages of 

development of fruit on the tree. Wootton and Tumaalii (1984b) studie'd the 

variations in the composition of seven varieties of breadfruit from Samoa which 

were harvested at the same four stages.

Breadfruit is not consumed in the ripe stage in the popular sense of the 

term ’fruit’. The fully mature but unripe fruit is used as vegetable (Bowers, 1981). 

Most breadfruit is consumed locally but there is a growing export trade from the 

Caribbean to Europe and North America, serving the ethnic market (Roberts- 

Nkrumah, 1993). The extreme perishability of the fruit especially hampers this 

export trade. The extreme perishability is due to its high rate of respiration, leading 

to quality deterioration within a day or two of harvest (Bates et ah, 1991).

Therefore development of appropriate storage and processing 

techniques to extent its life and marketability assumes great significance. Short 

term preservation methods like pre-packaging along with low temperature storage, 

steeping preservation and modified atmosphere storage can prolong the storage life 

for one or two weeks. Long term preservation methods like dehydration, canning 

and fermentation could ensure its availability throughout the year.

Literature on related works hitherto carried out at different places is 

reviewed and presented here under the titles'.

2.1 Handling and storage of fresh breadfruit

2.2 Dehydration and packaging studies
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2.1 Handling and storage of fresh breadfruit

2.1.1 Yield

A mature breadfruit tree yields about 200 fruits per year, with an 

average fruit weight of 0.5 to 3 kg (CSIR, 1948, Purseglove, 1968). In Nigeria, a 

fruit weighing about 1.5 kg could be obtained for the equivalent of US $ 1.0 and 

was sufficient to feed four adults (Omobuwajo and Wilcox, 1989). Van Wissen 

(1978) also estimated the average yield as 20't/ha, where the density of planting is 

100 trees/ha. Wootton and Tumaalii (1984a) estimated that this would result in 

about 6 t/ha of dry flour, an yield comparable to that of corn or maize.

2.1.2 Maturation and harvest

Fruits after 15-19 weeks after inflorescence emergence were reported to 

have the most acceptable eating quality (Worrell and Carrington, 1997). Earlier 

other parameters were used for deciding the harvest maturity of the fruit. Slight 

lightening of skin colour during maturation was noticed by Coronel (1990). 

Breadfruit contains a range of secondary metabolites (Altman and Zito, 1976). The 

most predominant volatiles were found to be alcohols (Iwaoka et al., 1994). But 

the fruit odour exuded is subtle and doesn't appear to change with maturation. 

Another maturity index used is the skin topography with its domed polygonal 

segments (Marriott et al., 1979). These polygons start out closely packed each 

domed and almost pyramidal in shape and then expand and flatten as the fruit 

attains frill size. A final indicator of maturation is the appearance on the skin of 

tiny balls and rivulets of latex which cover a large proportion of fruit surface 

(Reeve, 1974).
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2.1.3 Fruit ripening

Biale and Barcus (1970) classified breadfruit as climacteric type, with a 

•significant rise in respiration fate at the peak stage of ripening. Graham and 

DeBravo (1981) found that the total sugar content of the different parts of the fruit 

showed an increase accompanied by fruit softening, as the fruit passed from mature 

to very mature stage while on the tree. Wootton and Tumaalii (1984b) made a 

similar observation in seven varieties of breadfruit in Samoa and found that an 

increase in sucrose content with concomitant decrease in starch at a very mature 

stage of harvest. So the fruits will ripen on the tree itself, if harvest is delayed. So 

harvesting the fruit at the appropriate stage of maturity is important to extend the 

post-harvest storage life and maintain processing quality (Narasimham, 1990).

2.1.4 Composition of fruits

The fleshy pulp of the fruit, which is the edible portion, is rich in starch, 

proteins, minerals and vitamins. The content of starch and proteins vary from very 

immature stage to very mature stage of development of fruit on the tree. The 

minerals present in breadfruit in mg/lOOg are calcium (195), phosphorus (90-146), 

potassium (1630), sodium (2.8), magnesium (80), iron (1.9-2.4), copper (0.3), zinc 

(0.4) and manganese (0.2). Among these, calcium, phosphorus, magnesium and 

iron are present in considerable quantities. Vitamin A (24.4 IU/lOOg), vitamin C 

(23mg/100g) niacin (2.4mg/100g) and riboflavin (0.2mg/100g) are the vitamins 

reported (CSIR, 1948; Graham and Debravo, 1981). The vitamin arid mineral 

content o f the, fruit varies from region to region. A higher content of minerals was 

reported from Indian breadfruit than from Puerto Rico. Wootton and Tumaalii
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(1984b) found that Samoan breadfruit had similar amounts of iron, sodium and 

calcium, about half as much potassium and four times as much phosphorus as the 

breadfruit from Puerto Rico observed by Graham and DeBravo (1981).

Correa et al. (1970), Loos et al. (1981) and Tumaalii (1982) conducted 

studies on the starch isolated from breadfruit pulp. Loos et al. (1981) reported an 

amylose content of 18.2 per cent in breadfruit starch. The physico-chemical 

properties of the starch showed that the starch granules' are small in size, ranging 

from 10 to 20 pm in diameter and the shape ranges from spherical to oval or 

elliptical.

Achinewhu (1982) studied the fatty acid composition of the fat in 

breadfruit pulp. He showed palmitic, stearic, oleic and linoleic acid as the 

predominant ones among 11 fatty acids.

2.1.5 Storage of breadfruit

Breadfruit, like other tropical fruit, softens and deteriorates rapidly 

under ambient tropical conditions of high temperature and humidity. This 

softening can begin two to three days after harvest under these conditions. Since 

the fruits are inedible once ripened, the goal of storage must be to delay the onset 

of ripening.

Marriott et at. (1979) reported that the storage period between 

harvesting and softening was greater for fruit harvested at partially mature stage 

than for fully mature fruit; fruits which have been harvested by picking or catching 

had a longer storage life than those allowed to fall to the ground.



8

In Jamaica, breadfruits were preserved traditionally by steeping the 

fruits under water for a period of seven days. However, by this method splitting of 

the fruit skin accompanied by softening of fruit was observed (Thompson et al., 

1974). They also studied the effects of temperature, packing, harvesting method 

and cultivar on the storage life of the fruit. Packing the fruits in polyethylene bags 

delayed the softening of fruits and they remained edible for a week. Passam al. 

(1981) successfully stored Trinidad breadfruit cv. Whiteheart in polyethylene bags 

at 14°C for 14 days.

Sankat and Maharaj (1993),noticed that fresh fruits could be stored for a 

week at ambient temperature (28°C) when individually packaged in sealed 

polyethylene bags of 100 gauge. Coating of fresh fruits with "Fresh Mark FM- 

51V", undiluted was also helpful in storing fruits for seven days at ambient 

temperature.

Suryanathmisae (1988) developed wooden storage structures at field 

level for the storage of freshly harvested breadfruit in New Guinea.

Microbes associated with field spoilage of the fruit was investigated by 

Omobuwajo and Wilcox (1989). They found that Aspergillus niger, A. sydowii, 

A. ochraceous, A.versicolor, Mucor varians, Rhizopus stolonifer, Staphylococcus 

aureus and S. epidermis were associated with spoilage of the fruit in the field. 

They concluded that fungi and bacteria get access into the fruit through the natural 

openings in the epidermis. Fumigation of the tree with a suitable fungicide at the 

onset of flowering and/or shortly after emergence of the fruit was suggested to 

control the microbiological spoilage of the fruit.
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2.1.6 Refrigerated storage

Refrigerated storage has been shown to extend the post harvest life of 

most produce (Kader, 1992) and breadfruit is no exception, 12-13°C being optimal 

(Thompson et a l , 1974). Marriott et al. (1979) reported that the storage life of 

breadfruit could be increased by packing it in polyethylene bags and holding it at 

13°C. -

Tropical fruits are generally susceptible to chilling injury, if stored at 

temperatures below 10-12°C. Worrell and Carrington (1997) showed that while 

shelf life was considerably extended at 7 and 10°C, such fruit when removed from 

storage failed to ripen normally displaying water soaked lesions with flesh 

browning, symptoms typical of chilling injury. This agreed with the observation of 

Thompson et a l (1974) that chilling injury in breadfruit is noticed at 2.5 and 

7.5°C.

For many fruits; rapid removal of field heat and cooling to the optimum 

storage temperature can further extend post harvest life. This pre-cooling can be in 

the form of air cooling or hydro cooling. Compared with air cooling, hydro cooling 

can halve or quarter the time taken to cool breadfruit to 13°C storage temperature 

(Worrell and Carrington, 1997). For hydro cooling to be effective, it must be 

carried out in the field, immediately on harvest, as Maharaj and Sankat (1990) 

reported a positive response to immediate pre-cooling of breadfruit in chipped ice 

in the field.

Maharaj and Sankat (1989) noted that at ambient temperature (28°C) 

breadfruit undergo browning of the skin during ripening and attributed this to the
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normal degradative changes associated with ripening. This browning occurs even 

at optimal storage temperature (12-13°C) and is accelerated by such storage, even 

if ripening hasn't begun.

Application of emulsions or suspensions to fruit surfaces that dry to 

leave a chemical coating are thought to reduce water loss by blocking lenticels, 

stomata and other surface irregularities. Early attempts using fruit wax on 

breadfruit didn't significantly reduce softening or the rate of water loss at ambient 

temperature or 12:5°C (Thompson et a l, 1974). Worrell et ol. (1994) tried four 

different coatings Sta-Fresh MP, Nutri-save, Semperfresh- F and a chitosan 

preparation. Only Sta-fresh significantly reduced water loss at both ambient 

temperature (25-28°C) and at 13°C. Softening was delayed by all coatings at 28°C 

but there was no significant effect at 13°C. In some cases, the coatings also 

encouraged fungal growth on fruit surface. In all cases, coatings led to the 

development of alcoholic aroma suggestive of anaerobiasis.

Brush coating of wax on the fruit surface before subjecting it to storage 

at 16°C was found to extend marketable shelf life of breadfruit to 18 days (Sankat 

and Maharaj, 1993). Waxing also delayed the symptoms of chilling injury 

compared to untreated fruits, as waxed fruits at 16°C showed complete browning 

only after 25 days of storage. v.

2.1.7 Minimal processing

Minimal processing of fruits involve cleaning, peeling, cutting, slicing 

and packaging without killing the tissues (Shewfelt, 1987). Such a product with 

living plant tissues is washed, given preservation treatment and packaged before
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distribution, so chances of microbial contamination is very less (Cantwell, 1992). 

Minimally processed fruits have certain advantages like convenience in use, supply 

in ready to cook form, reduction in size which enables easy handling and 

transportation (Siriphanich, 1993). The most important factor with regard to 

minimally processed fruits and vegetables is the maintenance of a high level o f  

quality for an adequate duration subsequent to harvest (Gertmenian, 1992). 

Schlimme (1995) reported that minimally processed fruits are living tissues that 

undergo catabolism and respiration. So steps taken to reduce respiration rates can 

also reduce the rate of quality degradation and slow down biochemical changes 

that lead to tissue senescence. Packaging the produce in polymeric film, semi-rigid 

containers etc. can reduce the oxygen and increase the carbon dioxide 

concentration in the package atmosphere thereby slowing degradative processes.

Modified and controlled atmosphere storage can help maintain quality 

and extend the storage life by inhibiting metabolic activity, decay and especially 

ethylene biosynthesis and action (Kader, 1986). Modified atmosphere packaging is 

widely used for minimally processed fruits. Because of the perishability of the 

product the modified atmosphere in the package is often actively established, either 

by flushing with the desired atmosphere or by pulling a slight vacuum and then 

injecting a desired gas mixture (Brecht et al., 1993).

Ramlochan (1991) used gaseous concentrations ranging from 2.5 to 

5 per cent O2 and 2.5 to 10 per cent CO2 with 100 per cent RH in storage chamber. 

Based on biochemical and sensory analyses it was concluded that the best
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marketable life of 21 days was achieved with a combination of 2-5 per cent 0 2 and 

5 per cent C 02 at 12°C.

John and Narasimham (1998) carried out minimal processing of 

breadfruit and they reported that slices of 2 x 2 x 1.25 cm3 size, treated with 

1000 ppm sulphur dioxide and stored at 28±2°C kept well for 30 days and the 

same slices at 0°C had a shelf life of 120 days. Also slices infiltered with 500 ppm 

S02 and packaged with C 02 in the head space had superior colour, texture and 

taste.

2.2 Dehydration and packaging studies

2.2.1 Fermented product

The oldest process for the long-term preservation of breadfruit is 

fermentation. This was reported by a number of people such as Coenen and Barrau 

(1961), Mackenzie etal. (1964), Goodman (1972) and Cox (1980).

Although the process differs in minor details from place to place, it 

involves essentially, an anaerobic fermentation of the breadfruit in pits in the 

ground, under leaf coverings. The resulting product is a highly acidic paste which 

can be preserved for months to years. In Samoa, this paste is consumed by mixing 

with coconut cream or condensed milk and spread on slices of bread. In some 

places, this paste is baked like bread with the consistency of cheese. Whitney 

(1988) studied the microbiology associated with the pit fermentation of breadfruit. 

He, in his study reported that the sequence of organisms associated with the 

fermentation are Micrococci, Periococci, Lactobacilli and Leuconostocs. He also 

reported the total volatiles liberated during long-term pit fermentation found out
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by G.C. analysis; it includes 34 per cent ethanol, 17 per cent formic acid, 

11 per cent iso amyl alcohol, 8.5 per cent butyric acid, 7 per cent propanol, 

7 per cent iso propanol, 3.5 per cent acetic acid and 3 per cent propionic acid.

2.2.2 Dehydration of breadfruit

Breadfruit can be preserved by sun or artificial drying. The fruits picked 

at mature green stage is subjected to scraping to remove the skin and then the 

edible portion is cut into 10 mm slices which can be dried artificially at 49°C for 

four days reducing the moisture content to 8-10 per cent. These chips remain in 

good condition for two or three years if  stored in airtight containers (Barrau, 1957).

Wootton and Tumaalii (1984b) and Graham, and DeBravo (1981) 

studied in detail the feasibility of dehydrating breadfruit and subsequently making 

'papad' like products from the dehydrated breadfruit flour. Reeve (1974) 

intensively studied the commercial dehydration potential of breadfruit both by 

tunnel drying and freeze drying techniques. Breadfruit slices of 0.25 x- 0.5 x 0.5 

inch size were blanched for three minutes in boiling water and then tunnel dried for 

four hours at 140°F. It reconstituted readily in either cold or hot water. Textural 

and culinary qualities of reconstituted samples were similar to those of freshly 

boiled or steamed samples. Freeze dried samples were also readily reconstituted in 

boiling water. Keeping quality of both forms of dried breadfruit was found to be 

good. No off odour was detected in the freeze dried slices when kept at room 

temperature for six months. The freeze dried slices were found to be more fragile 

than tunnel dried form.
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Mathews et al. (1986) at the University of Puerto Rico carried out 

research on the utilisation of breadfruit pulp. Bates et al. (1991) reported on the 

preparation, stability and acceptability of chips made out of raw breadfruit. They 

succeeded in producing stable, crisp chips with lipid stability compared to potato 

chips.

Narasimham and John (1995) worked on controlled low temperature 

vacuum drying of dried breadfruit using a conventional freeze drier. They obtained 

a dehydrated product with the rate and extend of dehydration, .shrinkage, 

rehydration and sensory quality equivalent to conventionally freeze dried product. 

The product had better quality than those obtained by vacuum and cross flow dried 

products.
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M A T E R IA L S  A N D  M E T H O D S

The present investigation on the shelf life of breadfruit was carried out 

at the Department of Processing Technology, College of Horticulture, 

Vellanikkara, Thrissur, Kerala during 2000-2001. Vellanikkara enjoys a warm 

humid tropical climate throughout the year.

Harvested fresh breadfruit remains acceptable only for- one or two days 

under ambient conditions. In the present study attempts have been made to develop 

suitable methods for storing and packaging fruits as well as minimally processed 

slices of breadfruit without spoilage and also to develop a dehydration technique 

intended for long-term storage.

The whole programme was divided into three major experiments.

3.1 Storage of fresh breadfruit under ambient and refrigerated conditions

3.2 Storage of minimally processed breadfruit slices

3.3 Dehydration and subsequent packaging studies

3.1 Storage of fresh breadfruit under ambient and refrigerated 
conditions

3.1.1 Procurement of fruits

Breadfruits were collected from the ten year old trees grown in the 

orchard maintained by the Department of Pomology and Floriculture, College of 

Horticulture, Vellanikkara (Plate 1 & 2).

Harvesting of fruits was done in the morning hours, based on the 

maturity indices suggested by Graham and DeBravo (1981), The fruits were



Platel. Tree bearing breadfruits

Plate 2. Branchlet bearing fruits
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harvested without injury. They were then taken to the laboratory for further 

treatments.

The fruits were sorted for any spoilage and discolouration, if observed, 

such fruits were discarded.

3.1.2 Treatments

Ti - Fruits wrapped individually with cling film

T2 - Packaged in polyethylene (PE) bags of 250 gauge without ventilation 

T3 - Packaged in PE bags of 250 gauge with 4% ventilation

T4 - Packaged in PE bags of 250 gauge with 4% ventilation after dipping the

fruits in hot water (50 to 60°C for 3 min) and draining to dryness 

T5 - Packaged in PE bags of 250 gauge with 4% ventilation after dipping the 

fruits in hot water with 0.5 per cent CaCk 

Tg - Fruits wrapped individually in newspaper

T7 - Plugging the cut end of the stalk using plastic tape to arrest the latex 

exudation immediately after harvest at the field itself 

Tg - Open stored (control)

T9to T i5 - All the above treatments were repeated but stored under low temperature

3.1.3 Lay out

All the experiments were laid out in a Completely Randomised Design 

(CRD) with three replications each.

3.1.3.1 Experiment with cling film

Fully mature but unripe breadfruits were selected at random from the 

harvested lot. The fruits were washed and wiped dry with clean dry muslin cloth.
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They were then weighed and wrapped individually with cling film (Klin wrap 

300 mm of Flexo film wraps (India) Ltd; Aurangabad).

3.1.3.2 Ventilation

PE bags of size 25 x 20 cm2 with 101 vents of 0.25 mm radius to make 

4 per cent ventilation.

The PE bags were heat sealed using a heat sealing machine (Quickseal 

TM of Sevana (India) Ltd.).

3.1.4 Observations

Observations on both physical and chemical changes during storage 

were taken at daily intervals as detailed below. j

3.1.4.1 Physical observations

3.1.4.1.1 Fruit shape

Fruits were categorised into round, oval or oblong shape by visual 

assessment.

3.1.4.1.2 Fruit weight

Weight of individual fruits were taken using an electronic balance 

(OHAUS 200 portable standard) with 100 mg accuracy.

3.1.4.1.3 Dimensions

Fruit length was measured in centimeters from the stalk end to the apex 

and diameter in the equatorial plane using a scale.

3.1.4.1.4 Volume

Fruit volume was determined in milli litres by water displacement 

method using a measuring cylinder.
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3.1.4.1.5 Density

Density was computed by dividing weight by volume of the fruit.

3.1.4.1.6 Firmness

Firmness of the fruit was measured by penetrometer method using 

Effegi fruit pressure tester [Model PT 001 (0-5kg)] and expressed as kg cm'2.

3.1.4.1.7 Number of days for ripening

Number of days to reach ripeness by mature fruit indicated by softening 

was recorded.

3.1.4.1.8 Physiological loss in weight'(PLW)

The physiological loss in weight was calculated on the initial weight 

basis as suggested by Srivastava and Tandon (1968) and expressed as percentage.

Initial weight - Final weight
PLW (%) = -----------------------------------------------------  x 100

Initial weight

3.1.4.1.9 Termination ofthe observations

Observations were terminated when 50 per cent or more of the original 

sample were discarded as suggested by Kapitsmadi (1989).

3.1.4.2 Chemical analyses

Composite samples were withdrawn at random with respect to each 

treatment at regular intervals for estimation of starch, ascorbic acid, sugars, 

residual S02 and fibre.

The samples were washed then dried using clean dry muslin cloth. 

Sample preparation was carried out in a mixer grinder for the estimation of sugars,
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ascorbic acid and residual S02. The pulped samples were stored in a deep freezer 

without delay to avoid farther degradation and used for remaining analyses.

The samples for estimation of starch and fibre were sliced and kept in 

hot air oven to dry and when completely dried was powdered and used for 

analyses.

Analytical grade of chemicals of standard companies were used for the

purpose.

3.1.4.2.1 Starch

Acid-alkali digestion method suggested by Sadasavam and Manikam 

(1992) was employed for the determination of starch.

3.1.4.2.2 Total sugars

Total sugars were determined by Lane and Eynon method (Ranganna, 

1986) and expressed as percentage.

3.1.4.2.3 Reducing sugars

Reducing sugar content was determined using Lane and Eynon method 

(Ranganna, 1986) and expressed as percentage.

3.1.4.2.4 Residual S02

Residual S 0 2 was determined as per the method suggested by Ranganna

(1986).

3.1.4.2.5 Ascorbic acid

Ascorbic acid content during the storage period was determined by 

2,6-dichlorophenol indophenol dye method as suggested by Ranganna (1986).
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Determination of fibre in the material was done using the acid-alkali 

digestion method suggested by Chopra and Kanwar (1978).

3.2 Storage of minimally processed breadfruit slices

The experiment was carried out to extend the shelf life of minimally 

processed breadfruit slices. This is to facilitate the storage of breadfruit in a "Ready 

to cook” form. Minimal processing involve peeling, coring and slicing of the fruit 

into required size and then preserving it, while retaining its qualities near to fresh 

form.

3.2.1 Preparation of materials for minimal processing

Breadfruits were harvested in the early morning hours, without injuring

the fruits. They were cleaned, peeled and sliced into pieces of 4 x 3 x 2 cm3 size
/ * 

and blanched at 90°C for three minutes and subjected to the following treatments.

Tj - Steeping in 1500 ppm S 0 2 solution in 1:2 ratio

T2 - Packaging with C02 gas

T3 - Packaging with in-package fumigant

T4 - Packaging with nitrogen gas

T5 - Packaging under vacuum

T6 - Open stored (control)

3.2.2 Gas/vacuum packaging

Materials after the preparation as stated .above were placed in 

aluminium laminated pouches of size 12 x 18 cm2 and placed in a Quickseal 

vacuum packaging machine (Sevana Electrical Appliances Pvt. Ltd.) three packets

3.1.4.2.6 Fibre
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at a time. The machine has a chamber capacity of 500 x 400 x 150 mm3 with two 

sealing heads (Plate 3).

For flushing with C 02 or N2 gas, the pouches in the machine were first 

evacuated of air and then flushed with the respective gases.

3.2.3 Observations

Observations for both physical and chemical changes during storage 

were taken on alternate days for fruits stored at ambient temperature, weekly .for 

refrigerated samples and monthly for frozen samples.

3.2.3.1 Physical observations

Colour, texture, flavour and extend of spoilage by visual observations 

were noted.

3.2.3.2 Chemical analyses

Samples were drawn at random for each treatment for estimation of total 

and reducing sugars, starch, residual S02, ascorbic acid and fibre by adopting the 

procedures already mentioned in 3.1.4.2.

3.3 Dehydration and packaging studies

The experiment was conducted with the objective of developing a 

suitable dehydration technique as a means of long term storage. This will enable to 

ensure its availability almost round the year.

3.3.1 Preparation of materials

Fruits were harvested during morning hours without injury. It was 

cleaned, peeled, cored and sliced into pieces of approximate size 4 x 3 x 2 cm3. 

Samples of 200g each were taken for different treatments.



Plate 3. Quickseal vacuum packaging machine
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Tj - Blanched in 90°C water for five minutes, sun dried (SD) and packed in 250 

gauge polyethylene (PE) bags (SDPE)

T2 - Treatment same as above, but packed in 250 gauge polypropylene (PP) 

bags (SDpp)

T3 - Blanched in 90°C water for- five minutes, mechanically dried (MD) and 

packed in PE bags (MDPE)

T4 - Treatment same as above, but packed in PP bags (MDPp)

T5 - Blanched in 90°C water for five minutes, microwave oven dried (MW) and 

packed in PE bags (MWPE)

T 6- Treatment same as above, but packed in PP bags (MWpp)

T7 - Blanched in 90°C water with 0.3% citric acid for five minutes, sun dried

and packed in 250 gauge PE bags

T8 - Treatment same as above, but packed in PP bags

T9- Blanched in 90°C water with 0.3% citric acid for five minutes, 

mechanically dried and packed in PE bags

T 10 - Treatment same as above, but packed in PP bags

Tn - Blanched in 90°C water with 0,3% citric acid for five minutes, microwave 

oven dried and packed in PE bags

T 12 - Treatment same as above, but packed in PP bags

Tn - Blanched in 90°C water with 0.3% citric acid and 1500 ppm S02 for five 

minutes, sun dried and packed in 250 gauge PE bags

T 14 - Treatment same as above, but packed in PP bags

3.3.2 Treatments
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T i5 - Blanched in 90°C water with 0.3% citric acid and 1500 ppm S02 for five 

minutes, mechanically dried and packed in PE bags 

T l6 - Treatment same as above, but packed in PP bags

Tn - Blanched in 90°C water with 0.3% citric acid and 1500 ppm S02 for five 

minutes, microwave oven dried and packed in PE bags 

Tlg - Treatment same as above, but packed in PP bags

The PE and PP bags were heat sealed in the same way as that of fresh

samples.

3.3.3 Blanching of breadfruit pieces

Breadfruit slices of approximate size 4 x 3 x 2  cm3 were taken in a 

muslin cloth, 200g per batch and dipped in hot water at 90°C, maintained for five 

minutes and withdrawn for'immediate cooling. These blanched samples were used 

for further drying treatments.

3.3.4 Drying methods

3.3.4.1 ' Sun drying

Freshly harvested breadfruit having 82 per cent moisture were peeled, 

cored, sliced and given pre-treatments. The samples were then dried to moisture 

content of 9 to 10 per cent.

3.3.4.2 Mechanical drying

A cabinet dryer with inner dimensions 0.9 x 1 x 0.61 m3 with 2.5 KW 

heating capacity was used. Two stage dehydration was given to the samples. 

Temperature was maintained at 60°C for the first four hours and later at 50°C for 

the rest of the period of drying up to a final moisture content of 9 to 10 per cent.
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3.3.4.3 Microwave oven drying

Microwave oven used for drying was T-23 Touch Electronic model 

manufactured by M/s.Kelvinator (India). The size of the oven was 394 x 279 x 

213 mm3 (inner dimensions) and 578 x 305 x 308 mm3 (outer dimensions) with 

23 litre capacity. The power output was 700 W with microwave frequency of 2450 

Hertz. The non-ionising electromagnetic waves, when bombarded with food get 

absorbed and penetrate to a depth of 2 to 4 cm; thus they excite the molecules in 

the food and cause the molecules to vibrate 2,450 million times/s which cause 

friction and produce heat.

3.3.5 Observations

3.3.5.1 Physical characters

3.3.5.1.1 Dehydration ratio

Dehydration ratio was calculated as per the formula given by Pruthi et

al. (1978).

Weight of breadfruit taken for dehydration
Dehydration ratio = -------------- ------------ --------------------------------

Weight of dried breadfruit

3.3.5.1.2 Drying rate

' Drying rate was found out using the method described by Narasimham 

and John (1995). Breadfruit slices kept for dehydration were taken at different 

intervals and their weight as percentage to original weight was found out.

The temperature ranged from 21.5°C to 35.7°C during the period of sun

drying.
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For the determination of volume shrinkage, dimensions of random 

samples were measured using vernier calipers, before and after dehydration. 

Shrinkage was calculated (Ocansey, 1984) as below

3.3.5.1.3 Shrinkage rate

Initial volume - final volume after dehydration
Per cent volume shrinkage = ---------------------------------------------------------- x 100

Initial volume

Per cent volume shrinkage was measured at regular intervals during 

drying to find out the shrinkage rate.

3.3.5.1.4 Shrinkage ratio

The shrinkage ratio was determined as per the formula given by 

Ocansey (1984).

Shrinkage ratio =
Final volume obtained after dehydration

Initial volume

3.3.5.1.5 Reconstitution rate

Weighed samples of dried breadfruit were reconstituted with hot water 

and at regular intervals, the weight pickup was assessed using electronic balance.

3.3.5.1.6 Reconstitution ratio

Reconstitution ratio was calculated using the formula given by Pruthi 

etal. (1978).

Weight of sample after maximum reconstitution 
Reconstitution ratio = ---------------------------------------- ----------- ---------

Weight of original dried sample
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RESULTS

The results of the study “Shelf life of breadfruit” are presented under the 

following headings in this chapter.

1. Storage of fresh breadfruit under ambient and refrigerated conditions

2. Storage of minimally processed breadfruit slices

3. Dehydration and subsequent packaging studies

4.1 Storage of fresh breadfruit

The effect of different packaging and storage techniques on the shelf life 

of breadfruit under ambient and refrigerated temperatures are presented in Table 1 

to 4.

4.1.1 Physiological loss in weight (PLW), under different storage 
techniques

Changes in PLW recorded on alternate days for both ambient and 

refrigerated storage of the fruit are presented in Table 1.

The fruits under different ambient storage treatments remained without 

any microbiological spoilage up to seven days. However, the softening of the fruits 

due to ripening made them unfit for consumption after five days of storage.
i

Therefore data up to five days of storage alone were considered.

Fruits packed in unventilated polyethylene bags of 250 gauge (T2) 

recorded the minimum PLW (1.62%) after the fifth day of storage; this was 

comparable with that of Tj (1.64%) in which individual fruits were wrapped in



Table 1. Physiological loss in weight o f bread fruit under different storage techniques

Treatments
PLW (%)

Ambient temperature Refri aerated temperature
ODAS 3 DAS 5 DAS ODAS 3 DAS 5 DAS 7 DAS 9 DAS

Ti 0 1.36 a 1.64 a 0 1.07a 1.17a 1.403 1.52 3
t2 0 1.34a ' 1.62 a 0 1.23 a 1.33 3 1.91 3 1.913

t3 0 1.813b 2 .20ab 0 1.16 a 0.873 1.873 1.993

t4 0 1.713b 2.03ab 0 1.01 a ' 1.313 1.64 3, 1.993

Ts 0 1.61 ab 2.143b 0 1.048 1.313 1.53 3 1.733

Tfi 0 2.25 bc 3.05 b 0 2.05b 2.74 b 3.23 b 3.50 b

t 7 0 2.68 c 2.56 ab 0 2.24 b 3.15 bc 3.51 4.42c
t 8 ■ 0 3.40 d 4.54 c 0 2.74 c 3.24° 3.70 b 4.23 c

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level

N>
oo



29

cling film. The PLW for the rest of the treatments ranged between 2.03 per cent to 

4.54 per cent with the control fruits showing the maximum PLW (4.54%).

The same treatments when stored under low temperature (7 ± 2°C), the 

life in all the treatments were extended 'up to nine days, with the minimum PLW' 

recorded in those fruits wrapped with cling film T, (1.52%), while the control 

fruits showed a value of 4.23 per cent. The PLW of the treatments T2, T3, T4 and T5 

were on par.

4.1.2 Firmness of breadfruit under different storage techniques.

Loss of firmness of the fruit is considered as an indicator of ripening. 

Fruits having an initial firmness value of more than 5 kg/cm2 were maintained for 

five days at ambient temperature under different treatments. Maximum fruit 

firmness was recorded in the treatment T2 at the end of five days (3.80 kg/cm2), 

which was significantly different from other treatments. Maximum softening was 

recorded by the treatment T6 for the same time period, while Ti, T7 and T8 were on 

par.

When stored under refrigeration, the same treatment (T2) recorded the 

maximum value for firmness (2.13 kg/cm2) after nine days of storage retaining the 

fruits in a marketable condition with a slight browning on the skin surface, while 

the control fruits recorded the minimum value of 1.82 kg/cm2 after the same period 

of storage. All the other treatments recorded intermediate values (Table 2).



Table 2. Firmness of bread fruit under different storage techniques

Treatments
Fruit firmness (kg/cm2)

Ambient temperature Refrigerated temperature
ODAS 3 DAS 5 DAS ODAS 3 DAS 5 DAS 7 DAS 9 DAS

Ti >5 4.80ab 3.50 c >5 4.88 a 3.77 a 2.23ab 2 .10a

t2 >5 4.80ab 3.80 a >5 4.83ab 3.82a 2.25 a 2.13 3

t 3 >5 4.78ab 3.38“* >5 4.72 b 3.37 b 2 .10 ab 2 .00^

t4 >5 4.92“ 3.38cd >5 4.77ab 3.52 b 2.05ab 2.00 ab

t 5 ■ >5 4.83ab 3.65 b >5 4.80ab 3.53 b 2.18 ab 2.07ab

t 6 >5 4.75 b 3.32d >5 4.75ab 3.48 b 2 .1 2 ab 1.93 a

t 7 >5 4.83ab 3.48c >5 4.75ab 3.43 b 2.03 ab 2 abc

t 8 >5 4.70b 3.47c >5 4.80ab 3.33 b 2.00 b 1.82'a
The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level

ioO
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4.1.3 Chemical parameters

The influence of storage techniques on the development of sugars, 

breakdown of starch and crude fibre and changes in vitamin C content are given in 

Tables 3a, 4a and 3b, 4b at ambient and refrigerated temperatures respectively.

4.1.3.1 Starch

Irrespective of the treatments, under both ambient and refrigerated 

temperatures, a reduction in the starch content was observed, only the extend of 

decrease varied, with the least decrease observed in T2, where the fruits were kept 

in unventilated polyethylene bags (59.31%) after five days of storage under 

ambient conditions. This was significantly different from all the other treatments 

with-the next best value recorded by Tj where fruits were wrapped in cling film 

(59.19%). Maximum starch breakdown was observed in control fruits (54.22%).

The trend was similar when the storage temperature was reduced to 

7 ± 2°C, but the rate of breakdown of starch was lower. Maximum starch content 

was observed in T2 (60.81%) after nine days of storage. The value for Tj was on 

par with T2 while the control fruits recorded the lowest value of 57.53 per cent.

4.1.3.2 Total sugars

Concomitant to the reduction in the starch content, an increase in the 

total sugars were observed in all the eight treatments irrespective of the storage 

temperatures, whether ambient or refrigerated. T2 recorded the lowest values 

(8.37% and 7.10%) at ambient and refrigerated storage respectively after five days 

and nine days of storage; whereas the control samples recorded the maximum



Table 3a. Starch, total sugars and reducing sugars of breadfruit under different ambient storage techniques

Treatments
Starch (%) Total sugars (%) Reducing sugars (%)

ODAS 3 DAS 5 DAS ODAS 3 DAS 5 DAS ODAS 3 DAS 5 DAS
Ti 68.70 63.75b 59.19b 5.25 6.91a 9.12b 1.03 1.17 ab 2.75b
t2 68.70 63.93 a 59.31 a 5.25 6.71 3 8.37 a 1.03 1.12  a 2.33a
t 3 68.70 62.14 e 57.69° 5.25 7.62 bc 9.44 bc 1.03 1.25ab 3.02 b

t4 68.70 62.48c 56.78 d 5.25 7.84 bcd 9.45 bc 1.03 1.25ab 2.83 b
t 5 68.70 62.53 c 57.72° 5.25 8.09cd 9.09b 1.03 1.28ab 3.06 b
t6 68.70 61.99f 54.42f 5.25 7.43 b 9.13b 1.03 1.43b 2.92 b
t 7 68.70 62.21d 55.18° 5.25 8.1 1 cd 9.20c 1.03 1.39ab 2.88 b
T$ 68.70 61.80 e 54.22 E 5.25 8.25 d 9.70c 1.03 1.43 b 3.07 b

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level

< j j
to



Table 3b. Starch, total sugars and reducing sugars of breadfruit stored under different techniques in refrigerated condition

Treat
ments

Starch (%) Total sugars (%) Reducing sugars (%)

ODAS 3 DAS 7 DAS 9 DAS ODAS 3 DAS 7 DAS 9 DAS ODAS 3 DAS 7 DAS ■ 9 DAS

Ti 68.70 66.38 a 64.28a 60.43 a 5.25 5.89a 7.13 b 7.59b 1.03 1.09 a 3.34 b 3.50ab

t 2 68.70 66.47a 64.07ab 60.81 a 5.25 5.78 a 6.65 a 7.10 a 1.03 1.07 a 3.13 a 3.41a

t 3 68.70 65.36 b 62.77cd 60.18ab 5.25 6.67 b 7.44 bc 8.03 c 1.03 1.17 b 3.48 bc 3.73 abc

T4 68.70 65.29 bc 63.01bc 59.14bc 5.25 6.62 b 7.43 bc 7.95 bc 1.03 1.27 de 3.48 bc 3.79 bc

t 5 68.70 65.73 b 62.71cd 60.11ab 5.25 6.65 b 7.48 bc 8.06 c 1.03 1.23 06 3.45 b 3.84 bc

t 6 68.70 64.41de 61.64 d 57.64 d 5.25 6.50 b 7.78 ^ 8.14 c 1.03 1.20 bc 3.66 * 4.10“*

t 7 68.70 64.81 cd 62.57cd 58.20 ̂ 5.25 6.79 b 7.89 d 8.21 c 1.03 1.32 cf 3.65 ^ 4.09 0(1

Tg 68.70 64.06 e 61.54 d 57.53 d 5.25 6.89b 8.00 d 8.32 c 1.03 1.37 f 3.71 d 4.24 d
The values represent means of 3 replications 
The values having different superscripts differ significantly at 5% level

U)u>
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values of 9.7 per cent and 8.32 per cent after the same storage periods for ambient 

and refrigerated storage respectively. Under refrigerated storage the treatments T3, 

T5) T6 and T7 were on par with the control fruits.

4.1.3.3 Reducing sugars

Formation of reducing sugars is not a desirable quality as far as 

breadfruit is concerned, as it is usually consumed as a vegetable. Therefore, lower 

the reducing sugars, better is the shelf life. Breadfruit packed in unventilated 

polyethylene bags recorded the lowest value of 2.33 per cent after five days of 

ambient storage which is significantly different from the other treatments. All the 

other treatments were on par, with the highest value observed in control sample 

(3.07%).

Similar results were obtained when fruits were subjected to refrigerated 

storage with the treatment T2 recording a reducing sugar content of 3.41 per cent 

after nine days of storage and the control 4.24 per cent. The remaining treatments 

have values ranging between 3.5 to 4.1 (Table 3b).

4.1.3.4 Vitamin C

Vitamin C content showed a decreasing trend in all the treatments from 

an initial level of 18.85mg/100g of fruit with the advancement of the storage 

period. T2 recorded the highest value of 18.31mg/100g after five days of storage 

under room temperature. The values of Tls T3 and T6 for the same period were on 

par (Table4a). Similar were the results obtained under low temperature, with the 

highest vitamin C content in T2 during the entire period of storage with a value of



Table 4a. Vitamin C and crude fibre of breadfruit under different ambient storage techniques.

Treatments
Vitamin C (mg/100 g) Crude fibre (%) ■

ODAS 3 DAS 5 DAS ODAS 3 DAS 5 DAS

Ti 18.85 18.18ab 18.083 5.95 5.10 4.41
t 2 18.85 18.53a 18.3 l a 5.95 4.79 4.24

t 3 18.85 17.82abc 17.72a . 5.95 4.47 4.33
t 4 18.85 17.03“* 17.45ab 5.95 4.79 4.33

t 5 18.85 17.58bcd 17.42ab 5.95 4.78 4.08
t 6 18.85 27 9 7abc 17.85a 5.95 4.47 4.16

t 7 18.85 17 97abc 17.49ab 5.95 4.72 4.22
t 8 18.85 16.57 d 16.21b 5.95 4.63 4.13

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level



Table 4b. Vitamin C and crude fibre of breadfruit under different refrigerated storage techniques

Treatments
Vitamin C (mg/100 g) Crude fibre (%)

ODAS 3 DAS 7 DAS 9 DAS ODAS 3 DAS 7 DAS 9 DAS

Ti 18.85 18.59abc 17.61b 17.05ab 5.95 5.70 b 5.64a 5.02 a
t2 18.85 18.57abc 17.99a 17.42a 5.95 5.40 c 5.32b 5.00 b

t 3 18.85 18.07“* 17.89a 17.45a 5.95 5.80a 5.28 b 4.95 c
t 4 18.85 18.11“* 17.54b 17.09ab 5.95 5.42c 5.13 ° 4.77 e
t 5 18.85 17.75“° 17.04c 16.63 b 5.95 5.70b 5.02“ 4.82 d
t 6 18.85 17.44bc 17.37b 17.35a 5.95 5.69b 4.99 d 4.67 s
Ty 18.85 18.50 ab° 17.983 17.14ab 5.95 5.28 d 4.91 e 4.73f
Ts 18.85 17.25c 16.70d 15.91° 5.95 5.31d 4.88e 4.62 h

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level

u>CT\
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17.42 mg per 100 g on the ninth day. Minimum value of 15.91 mg per 100 g was 

recorded in control (Table 4b).

4.1.3.5 Crude fibre

The crude fibre content showed a decreasing trend with the- 

advancement of storage period both under ambient and refrigerated temperatures, 

with the maximum value in Ti, when fruits were wrapped in cling film (4.41%) 

under room temperature and 5.02 per cent for the same treatment after nine days 

under refrigeration (Table 4a and 4b). The lowest values were observed in the 

control samples both under ambient and refrigerated storage as 4.13 per cent and 

4.62 per cent after five and nine days of storage respectively.

4.2 Storage of minimally processed breadfruit slices

Minimally processed vegetables are products that have attributes of 

convenience and fresh like quality. An attempt has been made to store peeled and 

sliced breadfruit pieces under different packages and storage techniques. The 

results are presented in Tables 5 to 11.

4.2.1 Storage of minimally processed breadfruit under ambient 
conditions

Data on changes in chemical parameters in minimally processed 

breadfruit stored under ambient conditions is given in Table 5.

4.2.1.1 Starch

Starch content shows a gradual reduction with the advancement of 

storage time irrespective of treatments but with a variation in the rate of reduction, 

with minimum reduction recorded for samples packed with vacuum (59.08%) and
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maximum reduction in samples packed with in package fumigant (T3) (57.75%) 

and in Tj (57.87%) when pieces steeped in 1500ppm S02 solution after one week 

in storage.

4.2.1.2 Total sugars

Accompanying the fall in the starch content an increase in the total 

sugars was also observed during the period of storage. Treatments Tj and T3 

recorded the maximum of 8.12 per cent and 8.22 per cent respectively and the 

lowest was seen in T2 (7.27%) which was superior to all other treatments as lower 

the total sugar content better is the result.

4.2.1.3 Reducing sugars

After eight days of storage, it was seen that the treatments T2, T4 and Ts 

were on par with respect to the reducing sugars. Among these T5 was superior with 

a low value of 2.44 per cent. Maximum reducing sugars was observed in T3 

(3.16%) when lower is the reducing sugars better is the eating quality of breadfruit 

pieces as vegetable.

4.2.1.4 Vitamin C

A gradual reduction in the vitamin C content of the product in all the 

treatments was recorded. Treatment T5 was found to be superior (P < 0.05) to all 

other treatments after eight days of storage under ambient temperatures 

(15.1mg/100g).



Table 5. Starch, Total sugars, Reducing sugars, Vitamin C and Crude fibre of minimally processed breadfruit pieces, under
different ambient storage techniques.

Treat
m ents

Starch (% ) T otal sugars (% ) • R educing sugar (%) Vitam in C (m g/100 g) C rude fib re  (%)

2 DAS 5 DAS 8 DAS 2 DAS 5 DAS 8 DAS 2 DAS 5 DAS 8 DAS 2 DAS 5 DAS 8 DAS 2 DAS . 5 D A S 8 DAS

V 6 2 .8 2 c 6 0 .6 9 c 57.87 d 5.79 b 6.87 c 8 .1 2 c 1.32 2.06 c 2.88 b 1 5 .6 2 “ 14.76  6 1 4 .6 7 c 4.71 “ 4 .54  1x1 4.30 b

t 2 6 4 .2 4 a 61.73 a 5 8 .2 8 8 5.45 a 6 .2 2 “ 7.57 b 1.08 1 .8 2 a 2.52 b 15.36 b 15.04 c 15.00 b 4.63 b 4.61 “h 4 .20  c

t 3 63.06 b 60.54 c 57.75 d 6.05 c 6.93 c 8 .2 2 c 1.25 2 .0 1 c 3 .16° 15.38 b 15.29 a

.o000in1 
H 4 .62  b 4 .5 4 c 4.25 * *

t 4 6 4 .2 7 a 61.47 b 58.65 b 5.43 a 6 .19 a 7 .2 7 a 1.13 * 1.82 a 2 .4 9 3 1 5 .1 7 b 15.03 c 1 4 .7 4 c 4 .7 0 “ 4.61 “b 4 .3 7 “

t 5 6 4 .2 0 a 61.42 b 59.08 a 5 .67 b 6.40 b 7.72 b 1.16 1.88 b 2 .4 4 3 , 1 5 .2 7 b 15.12 b 1 5 .1 0 “ 4.71 “ 4 .6 4 “ 4 .3 9 “

The values represent means of 3 replications 
The values with different superscripts differ significantly at 5 %  level

GJ
VO
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4.2.1.5 Crude fibre

Crude fibre content was found to exhibit a declining trend during the 

eight days of storage at ambient temperature. Slices packed with vacuum (T5) and 

these packed with N2 gas (T4) proved to be superior to other treatments, recording 

crude fibre contents of 4.39 per cent and 4.37 per cent respectively, while 

minimum was in T2 (4.20%).

4.2.2 Refrigerated storage

Changes in the chemical constituents of the product as influenced by 

various treatments under refrigerated storage are given in Table 6.

4.2.2.1 Starch

Treatments Tj and T3 were terminated before attaining four weeks 

storage due to the deterioration in quality. However treatment T2, T4 and T5 could 

be stored up to four weeks, of which least starch content was noted in T4 (59.34%) 

which was significantly different from T2 and T5 (P < 0.05). Higher the starch 

content, better is the life.

4.2.2.2 Total sugars

After four weeks of refrigerated storage, the treatment T2 was found to 

be superior to all other treatments recording the lowest value of 6.54 per cent. The 

highest total sugar content was in T4 (7.26%), which is not a desired quality.

4.2.2.3 Reducing sugars

A trend similar to that of total sugars was exhibited by the reducing 

sugars also. The minimum value was recorded in T2 (2.73%) and maximum was in 

T4 (3.01%).



Table 6. Starch, Total sugars, Reducing sugars, Vitamin C and Crude fibre of minimally processed breadfruit pieces, under different
refrigerated storage techniques.

Treatments
Starch (%) Total sugars (%) Reducing sugars (%) Vitamin C (mg/100 g) Crude fibre (%)

2 WAS 4 WAS 2 WAS 4 WAS 2 WAS 4 WAS 2 WAS 4 WAS 2 WAS 4 WAS

Ti 62.20 b - 6.53 b - 2 .86b - 15.64b - 4.40ab -

t 2 64.83 a 60.35 a 5.78 a 6.54 a 1.80 a 2.73 16.17a 16.10 4.563 4.14

t 3 60.46° - 6.64b - 3.21° - 15.72b - 4.29 b -

t 4 65.48a 59.34 b 5.70 a 7.26 b 1.75a 3.01 16.24 3 15.76 4.43ab 4.33

t 5 65.55 a 60.49 a 5.83 a 6.68ab 1.75“ 2.86 16.433 16.12 4.40ab 4.18
The values represent means of 3 replications
The values with different superscripts differ significantly at 5 % level 
- denotes the treatments discarded due to quality deterioration
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4.2.2.4 Vitamin C

Among the treatments remained up to four weeks, all the treatments 

irrespective of storage temperature showed vitamin C content on par with each 

other ranging between 15.76 per cent to 16.12 per cent.

4.2.2.5 Crude fibre

Crude fibre content was shown to be decreasing with storage time. 

Maximum crude fibre was recordd in T4 (4.33%) after four weeks storage whereas 

least value was noted for T2 (4.14%) after the same period. Deterioration in'quality 

after 2 weeks was recorded in case of Tj and T3.

4.2.3 Frozen storage

The tabulated results for changes in chemical constituents in minimally 

processed slices kept under frozen storage is given in Table 7.

4.2.3.1 Starch

Irrespective of the treatments, the starch content registered a decreasing 

trend from first to fourth month of storage. After four months of storage, T5 

recorded the least value of starch (50.23%) and the highest value of 58.44 per cent 

was shown by T4. Tj and T2 did not have a storage life beyond two months, since 

quality, deterioration was noticed, these treatments were terminated after two 

months of storage.

4.2.3.2 Total sugars

Concomitant to the decrease in starch content an increase in total sugar 

content was observed in all the treatments during the entire period of storage.



Table 7. Starch, Total sugars, Reducing sugars, Vitamin C and Crude fibre of minimally processed breadfruit pieces, under different
frozen storage techniques.

T reat
m ents

Starch (% ) T otal sugars (% ) • R educing  sugar (% ) V itam in  C (m g /1 0 0  g) C rude fib re (% )

1 M AS 2 M A S 3 M A S 4  M A S 1 M AS 2  M AS 3 M AS 4 M AS 1 M A S 2  M A S 3 M A S 4 M A S 1 M A S 2 M A S 3 M AS 4  M A S 1 M A S 2 MAS 3 M A S 4 M A S

T , 62.09* 5 8 .5 6 b - - 6.78 b 8 .4 8 e - - 2 .1 9 b 3 .2 1 c - - 1 4 .4 6 c 1 4 .4 9 d - - 4.71* 4.07 - -

t 2 63.76* 61.35* 60.42* 58.35 5.58* 6.60* 8.41* 9.32* 1.32* 2.19* 3.27* 3.71 14.55* 14.50 b 14.49 b 14.49 4.34 h* 4.27 4 .06  b 4.07

t 3 60.73 d 5 7 .2 7 c - - 6 .4 8 b 8 .3 9 c - - 2 .3 7 b 3.51 d - - 14.67* 14.27 b - -  • 4.18* 4.05 - -

T< 62.92 b 61.45* 60.29* 58.44 5.66* 7.24 b 8 .6 9 b 9.49* 1.31* 2 .4 6 b 3.49 *b 3.60 15.53* 15.40* 15.40* 15.33 4.53 *b 4.13 4 .1 8 lb 4.16

t 5 63.63 *b 61.63* 59.82 b 58.23 5.45* 7.28 b 8.40* 10.08 b 1.41* 2 .50  b 3 .7 6 b 3.84 1 5 .2 1 b 15.00* 14.80 b 14.74 4 .52  *b 4.35 4 .2 1 ,b 4.19

The values represent means of 3 replications
The values with different superscripts differ significantly at 5 % level 
- denotes the treatments discarded due to quality deterioration

4*
CJ
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Treatments T2 and T4 showed lower values of 9.32 per cent and 9.49 per cent 

respectively while T5 recorded a value of 10.08 per cent which was significantly 

higher than that of the other two treatments.

4.2.3.3 Reducing sugars

Similar trend to that of total sugars was observed in case of reducing 

sugars also during the storage. However there was no significant difference 

between the treatments T2, T4 and T5 at the end of four months of storage whose 

values ranged between 3.60 per cent to 3.84 per cent.

4.2.3.4 -V itam inC

With the advancement of storage period, a decline in the content of 

vitamin C was noticed in all the treatments. T4, pieces packed with N2 gas was 

found to have better retention of vitamin C (15.4mg/100g) at the end of three 

months of storage with T2 recording the least value (14,49%). No significant 

difference was noticed among the treatments after the fourth month of storage.

4.2.3.5 Crude fibre

From the first to fourth month of storage, a decrease in crude fibre 

content was observed in all treatments. No significant difference between the 

treatments in terms of crude fibre content was noticed at the end of four months of 

storage.

4.2.4 Residual S 0 2

The residual S02 of samples steeped in 1500ppm S02 and packed with 

0.5g KMS were analysed.
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Table 8 shows that maximum residual S02 was in the samples steeped 

in 1500ppm S 0 2 irrespective of whether they were stored under ambient, 

refrigerated or frozen temperatures, which was significantly different from those 

packed with 0.5g KMS +0.3 per cent citric acid (p < 0.05).

Table 8. Residual S 0 2 in minimally processed breadfruit slices

Treatments Ambient (days) Refrigerated
(weeks)

Frozen (months)

2 5 8 2 1 2
Steeped - in 1500 
ppm S02 161.80“ 144a 126.033 149.283 108.453 75.0a

Packed with 0.5 g 
KMS + 0.3% 
Citric acid

117.l b 87.21b 71.0b 77.05b 68.10b 37.05b

The values represent means of 3 replications
The value with different superscripts differ significantly at 5% level

4.2.5 Sensory evaluation

Sensory qualities of the minimally processed breadfruit slices kept in 

ambient, refrigerated and frozen temperatures was carried out by Kruskal - Wallis 

One way Anova (Tables 9 to 11).

In the samples stored at ambient temperatures, all the panelists 

significantly rated T4 above the other treatments for overall acceptability.

For the refrigerated samples also, the highest rank for quality attributes 

like colour, texture, flavour and overall acceptability was for T4.

In the case of frozen samples, colour, flavour and overall acceptability 

was highest for T2, while for texture, T4 was found to have higher score.
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Table 9. Sensory evaluation of minimally processed (ambient) product

Treatment Colour Texture Flavour Overall
appearance

Ti 7.5 5.00 3.5 6.25

t 2 . 7.0 6.50 6.25 7.25

t 3 5.5 4.25 ' 4.00 5.20

t 4 7.0 7.25 5.75 7.50

t 5 7.25 7.0 6.25 7.45
Kruskal 

Wallis H (5%) 15.36* 18.83* 19.23* 18.51*

* Values differed significantly at 5% evel

Table 1.0. Sensory evaluation of minimally processed (refrigerated) product

Treatment Colour • Texture Flavour Overall
appearance

Ti 4.50 2.75 3.50 4.00

t 2 6.00 6.00. 6.75 6.50

t 3 2.25 2.50 2.25 3.50
t 4 6.00 ' 7.25 7.25 7.25

Ts- 5.75 6.50 6.00 6.75
Kruskal 

Wallis H (5%) 15.3615* 18.8250* 19.2306* , 18.513* ■
* Values differed significantly at 5% 

Table 11. Sensory evaluation of r

evel i 

ninimally processed (frozen) product

Treatment Colour Texture Flavour Overall
appearance

Ti ' 6.25 6.00 6.25 6.00
T2 • 1.75 8.00 8.50 ' 8.25 -
T3 5.75 6.50 5.50 5.25
t 4 7.50 8.50 8.25 7.75
t 5 7.75 7.75 8.00 7.75

Kruskal 
Wallis H (5%) 7.814* ’ 8.305* 9.623* 10.140*

' * Values differed significantly at 5% evel
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4.3 Dehydration and subsequent packaging studies

Combinations of different drying methods and different pre-treatments 

and packaging were tried for the quality improvement in dehydration for better 

colour retention, lesser shrinkage, faster reconstitution and for better storage life.. 

The results are tabulated and presented in tables 12 to 22.

4.3.1 Dehydration ratio, shrinkage ratio, reconstitution ratio and extend
of discolouration due to drying

The effect of different combinations of drying methods and pre

treatments on the dehydration ratio, shrinkage ratio and reconstitution ratio for 

breadfruit are presented in Table 12.

4.3.1.1 Dehydration ratio

Significant difference in the dehydration ratio was observed both 

between pre-treatments and between methods of drying (PO.05) with microwave 

oven drying being the best method when compared to other methods of drying like 

mechanical and sun drying. Comparing the dehydration ratio between various pre

treatments, the best was in blanched pieces which were treated with 0.3 per cent 

citric acid and 1500ppm SO2 for five minutes prior to drying which was 

statistically superior to other pre-treatments. Among the combinations, the above 

said pre-treatment along with microwave oven drying was found to be the best 

combination (3.81).
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4.3.1.2 Shrinkage ratio

The highest value for shrinkage ratio was noted for the samples dried in 

microwave oven after subjecting it to the pre-treatment involving blanching in 

water with 0.3 per cent citric acid and 1500ppm S02 at 90°C for five minutes 

(0.67). Least value for shrinkage ratio was for sun dried samples after blanching in 

water at 90°C for five minutes (0,33). This was on par with the samples dried 

under sun after blanching in water with 0.3 per cent citric acid and also with 

samples blanched in water and mechanically dried.

4.3.1.3 Reconstitution ratio

Among the different methods of drying microwave oven diying was 

found to be superior to other methods of drying as samples dried in microwave 

oven after blanching in plain water as well as blanching in water with 0.3 per cent 

citric acid + 1500ppm S02 recorded high values of 4.83 and 4.77 respectively 

which were on par. Sun drying was found to be an inferior method of drying 

irrespective of the pre-treatments applied.

4.3.1.4 Extend of discolouration due to drying

Samples subjected to sun drying in all the three pre-treated samples 

turned brown, so also the mechanically dried samples after blanching in plain 

water. Light brown colour was noticed in samples subjected to mechanical drying 

after blanching in water with 0.3 per cent citric acid and in water having 0.3 per 

cent citric acid + 1500ppm S02. In case of microwave oven dried samples, samples
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Table 12. Dehydration ratio, shrinkage ratio, reconstitution ratio and extend of 
discolouration due to drying of breadfruit pieces dried under different 
techniques

Treatment Dehydration
ratio

Shrinkage
ratio

Reconstitution
ratio

Extend of 
dicolouration' 
due to drying

90°C water for 5 minutes 

(SD)
6.65 a 0.33 d 4.14d Brown

90°C water for 5 minutes 

(MD)
4.32f 0.37 d 4.47 c Brown

90°C water for 5 minutes 

(MW)
4.00h 0.55b 4~83 a Light brown

90°C water + 0.3% citric 

acid for 5 minutes (SD)
5.12 b 0.33 d 4.10d Brown

90°C water + 0.3% citric 

acid for 5 minutes (MD)
4.44e 0.43° 4.42° Light brown

90°C water + 0.3% citric 

acid for 5 minutes (MW)
4.53 d 0.53 v 4.63b

Creamy

yellow

90°C water + 0.3% citric 
acid + 1500 ppm S02 for 

5 minutes (SD)

4.84° 0.38cd 4.15 d Brown

90°C water + 0.3% citric 

acid + 1500 ppm S02 for 

5 minutes (MD)

4.17E 0.55 b 4.56 b Light brown

90°C water + 0.3% citric 
acid + 1500 ppm S02 for 

5 minutes (MW)
3.811 0.67a 4.77 3

Creamy

yellow

The values represent means o ' 3 replications
The value with different superscripts differ significantly at 5 %  level
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did not turn brown but a creamy yellow colour was noticed under both the pre

treatments except for the sample subjected to blanching in water.

4.3.2 Drying rate, shrinkage rate and reconstitution rate

4.3.2.1 Drying rate

Drying rate with respect to pre-treatments under each method of drying 

was studied separately and are presented in Table 13 and Figures 1 to 3.

Sun drying

On comparing the drying rate between various pre-treatments followed 

by sun drying, reduction in weight was highest in case of T\ i.e., samples blanched 

in water at 90°C for five minutes-(9.91%) after 12 hours of drying. This was 

significantly different from the other two pre-treatments (P<0.05) in which T2 

recorded a value of 10.14 per cent and T3 10.30 per cent after drying under sun for 

12 hours (Fig. 1).

Mechanical drying

Drying rate under mechanical drying revealed that samples blanched in 

water and then mechanically dried showed most rapid drying rate, where moisture 

was brought down below 10 per cent within ten hours of drying (9.93%) which 

was significantly different from the drying rate of other two pretreated samples at 

5 per cent levels (10.39% and 10.63% respectively) (Fig. 2).

Microwave oven drying

On comparing the drying rate between the three pre-treatments followed 

by drying in microwave oven, rapid weight reduction was noticed in samples



Table 13. Drying rate of breadfruit dried under different techniques

Treatments
Sun drying (hours) Mechanical drying (hours) Microwave oven drying (minutes)

2 4 8 12 2 6 8 10 20 40 60 80 90
90°C water for 

5 minutes 60.48a 35.573 22.52c 9.91c 63.80a 24.08a 14.36c 9.93c 68.77b 41.11c 25.27c 11.16‘1 9.93c

90°C water + 

0.3% citric 

acid for 5 

minutes

51.67c 32.35b 25.60b 10.14b 55.18c 24.18flb 14.56b 10.39b 65.48c 46.86b 25.92b 12.64b 10.45 b

90°C water + 

0.3% citric 

acid + 1500 

ppm SO2 for 5 

minutes

58.32 b 35.63a 27.143 10.30a 60.45 b 26.46a 16.303 10.633 77.843 49.783 29.163 12.933 10.733

T h e  v a lu e s  re p re se n t m e a n s  o f  3 re p lic a tio n s
T h e  v a lu e  w ith  d iffe re n t s u p e rs c r ip ts  d if fe r  s ig n if ic a n tly  a t  5 %  le v e l

H
l

f
c

l
L

-
l
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Fig. 3. Drying curve of microwave oven dried 
breadfruit under various pre-treatments

— T1 ----- T2 —A—T3
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pretreated by blanching alone, which was significantly different from other two 

pre-treatments after 90 minutes of drying (9.93%). Weight reduction was minimum 

for samples blanched in water with 0.3 per cent citric acid + 15G0ppm S02 

(10.731%) (Fig. 3).

4.3.2.2 Shrinkage rate

Shrinkage rate with respect to pre-treatments under each method of 

drying was studied separately and presented in Table 14 and Figures 4 to 6.

Sun drying

Rate of percentage shrinkage of breadfruit pieces after various pre

treatments followed by sun drying is given in Fig. 4. It was seen that maximum 

shrinkage (73.29%) was noticed in samples blanched in water prior to drying 

which was significantly different (P<0.05) from the other two pre-treatments. The 

best pre-treatment exhibiting minimum shrinkage was the one in which samples 

were blanched in water containing 0.3 per cent citric acid + 1500ppm S02 with a 

value of 68.67 per cent after sun drying for 12 hours.

Mechanical drying

Observation on percent shrinkage of breadfruit pieces during 

mechanical drying after different pre-treatments revealed that after ten hours of 

drying, samples subjected to water blanching for five minutes recorded maximum 

value of 75.53 per cent. No significant difference was noticed among the other two 

pre-treatments which showed values of 70.71 per cent and 70.32 per cent which



Table 14. Shrinkage rate of breadfruit dried under different techniques

Treatments
Sun drying (hours) Mechanical drying (hours) Microwave oven drying (minutes)

2 4 8 12 2 , 6 8 10 20 40 60 80 90
90°C water for 

5 minutes 42.81° 55.57a 68.13a 73.293 28.15c 63.09° 64.29b 75.53° 30.86° 48.63c 60.16c 74.86° -76.63°

90°C water + 

0.3% citric 

acid for 5 

minutes

38.12c 51.39b 67.56 b 72.55 b 29.41b 64.53b 67.43° 70.71b 30.20b 52.46b 62.24b 72.18b 74.09b

90°C water + 

0.3% citric 

acid + 1500 

ppm S02 for 5 

minutes

41.81b 50.49c 63.15c 68.67c 30.39° 60.71c 61.09c 70.32b 29.34c 56.23° 64.30° 70.25c 72.42c

T h e  v a lu e s  re p re se n t m e a n s  o f  3 r e p lic a tio n s
T h e  v a lu e  w ith  d if fe re n t s u p e rs c r ip ts  d if f e r  s ig n if ic a n tly  a t 5 %  le v e l
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Fig. 4. Shrinkage curve of sun dried breadfruit under 
various pre-treatments

— T1 ----- T 2 - A - T 3

Fig. 6. Shrinkage curve of microwave oven dried 
breadfruit under various pre-treatments

0 20 40 60 60 90
ISnutss

— T1 ----- T2 - A - T 3
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were on par and differed significantly (P<0.05) with water blanched samples 

(Fig 5).

Microwave oven drying

Regarding the shrinkage rate of samples subjected to drying in. 

microwave oven after different pre-treatments, it was noted that minimum 

shrinkage percentage was recorded for samples blanched in water with 0.3 per cent 

citric acid and 1500 ppm S02 (74.42%) which proved to be significantly different 

from the other pretreatments (P<0.05) (Fig. 6).

4.3.2.3 Reconstitution rate 

Sun drying

The pattern of reconstitution of sun dried breadfruit samples after 

various pre-treatments are shown in Figure 7. The rate of reconstitution was very 

fast in samples dried after blanching in water with 0.3 per cent citric acid + 

1500 ppm S02 (324.10%) where reconstituion was achieved in 60 minutes whereas 

in the other two pre-treatments it took 90 minutes to complete reconstitution. 

Mechanical drying

When mechanically dried, samples dried after blanching in water 

containing 0.3 per cent citric acid + 1500ppm'S02 showed the fastest reconstitution 

in 60 minutes (341.28%). Samples subjected to the other two pre-treatments, i.e., 

blanching in water and blanching in water with 0.3 per cent citric acid took 90 and 

75 minutes respectively (Fig. 8).
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Table 15. Reconstitution rate o f breadfruit dried under different techniques

Treatments Minutes
15 30 60 75 90 ,

90°C water for 5 

minutes (SD)
12 1 .33h 249.18 s 292,19 s 311.17° 311.23 ■

90°C water + 0.3% citric 

acid for 5 minutes (SD)
122.17 8 268.41 e 298.43f 310.23 d 315.56

90°C water + 0.3% citric 

acid + 1500 ppm SO2 for 

5 minutes (SD)

122.53 s ■ 262.41f 324.10e -

1

90°C water for 5 

minutes (MD)
138.33f 262.41f 326.67 s 344.30a

(t
378.24 ij

90°G water + 0.3% citric 

acid for 5 minutes (MD)
176.496 201.18h 286.14" 342.20"

1

90°C water + 0.3% citric 

acid + 1500 ppm SO2 for 

5 minutes (MD)
268.32 d 308.52 d 341.43° - -

90°C water for five 
minutes (MW)

277.07d 334.51 d 354.29"
1

90°C water + 0.3% citric 

acid for 5 minutes (MW)
295.45c 351.42° 341.43° - -

90°C water + 0.3% citric 

acid + 1500 ppm S02 for 
5 minutes (MW)

340.56 a 357.29 a 368.28 a - -

Values represent means of 3 replication
Values with different superscripts differ significantly at 5 %  level
- denotes samples reconstituted completely within an hour
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Fig. 8. Reconstitution curve of mechanically dried 
breadfruit under various pre-treatments

Fig. 9. Reconstitution curve of microwave oven dried 
breadfruit under various pre-treatments
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Microwave oven drying

Similar to other methods of drying, in microwave oven drying also,, 

blanched samples treated with 0.3 per cent citric acid + 1500ppm S02 showed 

maximum reconstitution at the end of 60 minutes (368.28%). All treatments 

differed significantly at 5 per cent level with samples blanched with water + 0.3 

per cent citric .acid showing minimum reconstitution (341.43%) (Fig. 9).

4.3.3 Moisture pick up

Moisture pick up of dried breadfruit packaged in PE and PP separately 

during storage were analysed for a period of four months under ambient conditions 

and presented in Table 16. Comparing the moisture pick up. between the type of 

packaging material used, throughout the period of storage, no significant difference 

was observed. But between methods of drying, moisture pick up was always high 

in sun dried samples and it was least in microwave oven dried and they differed 

significantly during the period, of storage. The trend was found to be erratic 

between the various pre-treatments, during the storage period.

4.3.4 Chemical attributes

4.3.4.1 Starch

There was a gradual decline in the starch content from first to fourth 

month of storage at ambient conditions. Microwave oven dried samples showed 

the least reduction followed by mechanical and sun dried samples and they differed 

significantly (P < 0.05). Among the different pre-treatments, samples blanched in 

water with 0.3 per cent citric acid + 1500ppm KMS recorded higher values except



Table 16 . Percentage moisture pick up of dried breadfruit samples during storage under ambient conditions with different
drying techniques and packages

Treatments
Months

0 2 ■ 4
PE PP PE , PP PE . PP ' PE PP PE PP

90°C water for 5 minutes
(SP) ___________

10.13 9.91 5.77a . 4.84c 6.623 4.83c 6.62 b . 4.826 7.443 6.65 b

90°C water + 0.3% citric acid 
for 5 minutes (SD) 9.92 9.93. 4.89c 3.64 d 4.88“ 4.52e 5.76c 5.45“ 5.80“ 5.47c

90°C water + 0.3% citric acid 
+ 1500 ppm SO2 for 5 
minutes (SD)

9.85 10.03 4.53 d 2.75" 5.42 b 4.72“ 7.233 7.70 a> - -

90°C water for 5 minutes 
(MD) 9.41 9.72 4.0 1 e 5.01d 4.02f 5.81b 4.80e 5.83c 4.82f 6.69 b

90°C water + 0.3% citric acid 
for 5 minutes (MD) 9.85 9.83 3.92f 6.033 4.66e 6.023 5.80c 7.07b 6.91b 7.083

90°C water + 0.3% citric acid 
+ 1500 ppm S02 for 5 
minutes (MD)

9.31 9.32 3.45 h 3.15f 3.83 s 4.04f 4.72f 4.55f 6.24 c 4.88“

90°C water for five minutes 
(MW) 9.73 9.93 2.821 2.82 g 2.82* 2.82 h 3.75 s 3.83 8 4.59g 4.65e

90°C water + 0.3% citric acid 
for 5 minutes (MW) 10.22 ■ 9.83 3.71s 3.23e 3.71h 3.24 g - 3.23b - 3.99f

90°C water + 0.3% citric acid 
+ 1500 ppm S02 for 5 
minutes (MW)

9.62 9.72 5.36b 1.72* 5.33c 1.74* 5.33“ 1.74* 5.72e 2.68 s

The values represent means of 3 replications
Tile values having different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration
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in case of sun dried samples where the life of the product was only for three 

months. Among the different packaging materials, no significant difference was 

observed between packaging methods viz., PP or PE during storage (Table 17). 

4.3A.2 Total sugars

An increasing trend in total sugar content was observed during the 

storage period. Samples dried in microwave oven after blanching in water with 

0.3% citric acid and 1500ppm KMS was found to be of better quality since they 

recorded least values for total sugars (5.86% and 5.72% respectively) for both PE 

and PP packed samples. Sun drying was found to be the inferior among drying 

techniques (Table 18).

4.3.4.3 Reducing sugars

Effects of treatments and methods of drying on reducing sugars during 

storage of breadfruit pieces packaged in PE and PP were studied and reported in 

Table 19. Among various drying methods, microwave oven drying was found to be 

statistically superior (P < 0.05) to the other two methods. Among the different pre

treatments blanching in water with 0.3 per cent citric acid + 1500ppm KMS was 

found to be better in all methods of drying. Packaging material did not have any 

significant difference during the four months of storage.

4.3.4.4 Vitamin C

Maximum retention of ascorbic acid was recorded in microwave oven 

dried samples, under all the three different pre-treatments, followed by mechanical



Table 17. Starch content o f dried breadfruit during storage under ambient conditions with different drying techniques and
packages in percentage

Treatments
Months

2 3 L
PE PP PE PP PE PP PE PP

90°C water for 5 minutes (SD) 63.37c 63.45e 62.64°“ 62.64 g 60.60“ 62.24“ 60.43c 61.23”
90°C water + 0.3% citric acid for 5 

minutes (SD) 63.38c 63.49de 63.10” 62.72f 61.81c 62.13e 60.22“ 60.27“

90°C water + 0.3% citric acid + 

1500 ppm SO2 for 5 minutes (SD) ' 63.53”° 63.54 °de 62.98” 63.04°“ 62.12” 62.47” - -

90°C water for 5 minutes (MD) 63.72 ” 63.73 b 62.406 63.04 °“ 61.75® 62.25“ 60.57” 61.14*
90°C water '+ 0.3% citric acid for 5 

minutes (MD) * 63.57 bc 63.74” 62.74 c 62.96 de 61.51“ 62.15e 60.18“ 61.26”

90°C water + 0.3% citric acid + 

1500 ppm SO2 for 5 minutes (MD) 63.70”

\---------

64.38a 63.68c 63.20” 61.17 e 62.44” 60.04e 61.17°

90°C water for five minutes (MW) 63.63 ”° 63.61bcd 62.55 d 63.02 °“ 61.24* 62.33c 61.17* 61.11°
90°C water + 0.3% citric acid for 5 

minutes (MW) 63.46bc 63.67”° 63.03” 62.946 - 61.82f - 61.15°

90°C water + 0.3% citric acid + 

1500 ppm SO2 for 5 minutes (MW) 64.49a 64.51a 63.39a 63.90a 62.36a 62.56a 61.14“ 61.20”

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration



Table 18.' Total sugar of dried breadfruit during storage under ambient conditions with different drying techniques and packages
in percentage

Mon1hs
Treatments 2 3 4

PE PP PE PP PE PP PE PP .
90°C water for 5 minutes (SD) 5.08ab 5.15b 5,26 d 5.35c 5 .3 7 ef 5.48d 6.1 r 6.09“
90°C water + 0.3% citric acid for 5 

minutes (SD) 5.266 5.27c 5.24“* 5.36c 5.30“* 5.49 d 6.22f 6.16d

90°C water + 0.3% citric acid + 

1500 ppm SO2 for 5 minutes (SD) 5.07ab 5.13 b 5.19bc 5.24 b 5.43 6 5.48d - -

90°C water for 5 minutes (MD) 5.16“* ■5.14b 5.24“* 5.24 b 5.36ef 5.42c 5.92“* 5.92°
90°C water + 0.3% citric acid for 5 

minutes (MD) 5.21de 5.16 b 5.28 d 5.22 b 5.41fB 5.36b 5.91bcd 5.75b

90°C water + 0.3% citric acid + 

1500 ppm SO2 for 5 minutes (MD) 5.13 bc 5.16 b 5.23“* 5.21b 5.35de 5.36b 5.89 bc 5.89c

90°C water for five minutes (MW) 5.06a 5.22c 5.16b 5.31c 5.27 bc 5.34b 5.96 d 5.92c
90°C water + 0.3% citric acid for 5 

minutes (MW) 5.16“* 5.13 b 5.37e 5.25 b - 5.36b 5.85c

90°C water + 0.3% citric acid + 

1500 ppm SO2 for 5 minutes (MW) 5.10 b 5.03 a 5.05a 5.06 b 5.22 b 5.23 a 5.86b 5.72 b

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration

<?\u>



Table 19. Reducing sugar of dried breadfruit during storage under ambient conditions with different drying techniques and
packages in percentage

Mont is
Treatments 1 2 3 - 4

PE PP PE PP PE PP PE PP
90°C water for 5 minutes (SD) 1.15® 1.12c 1.28d 1.22® 1.29cd 1.35 bc 1.95® 2.06®
90°C water + 0.3% citric acid for 5 

minutes (SD) 1.13de 1 .2 1 d 1.30 d 1.28 d 1.36® 1.35 bc 2 .0 1 d 1 1.98 d

90°C water + 0.3% citric acid + 1500 

ppm S02 for 5 minutes (SD) ■ 1.12cde 1.04ab 1.15 b 1.16b 1.27b0 1.33 bc - -

90°C water for 5 minutes (MD) 1.14® 1.13 c 1.22c 1.20 bc 1.36® 1.37® ■ 1.81b 1.81®
90°C water + 0.3% citric acid for 5 

minutes (MD) 1.13de 1.12 c 1.17 b 1.17 bc 1.25bc 1 .34bc 1.96cd 1.82®

90°C water + 0.3% citric acid + 1500 

ppm S02 for 5 minutes (MD) 1.08 bcd 1.09 b 1.17 b 1.22® 1.34de 1.31bc l;82b 1.84®

90°C water for five minutes (MW) 1.04ab 1.02 3 1.16 b 1 .1 7 bc 1.35 de 1.36® 1.84 b 1.83®
90°C water + 0.3% citric acid for 5 

minutes (MW) 1.04ab 1.03ab 1.17b 1.16bc. , - 1.31bc - 1.70 b

90°C water + 0.3% citric acid + 1500 ■ 

ppm SO2 for 5 minutes (MW) 1.02 a 1.06ab 1.073 1.14 b 1.22b 1.16 a 1.83 b 1.75 b

The values represent means of 3 replications
The values haying different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration ON



Table 20. Vitamin C of dried breadfruit during storage under ambient conditions with different drying techniques and packages
(mg/lOOg)

Treatments
Months

1 • 2 3 4
PE ' PP PE PP PE PP PE PP

90°C water for 5 minutes (SD) 11.83 ^ 11.87° 11.82d 11.86° 11.77° 11.82° 11.73° 1 1 .7 5 d
90°C water + 0.3% citric acid for 5 

minutes (SD) 11.85 01 11.93 d0 11.83 d 11.8 6de 11.72ef 11.83° 11.70° 11.79°

90°C water + 0.3% citric acid + 1500 ppm 

SO2 for 5 minutes (SD) 11.94c 12.02 c 11.90° 11.98° 11.90° 1.1.93 d - -

90°C water for 5 minutes (MD) 11.92° 1 1 .9 7cd 11.92° 11.90de 11.87 d 11.90c 11.83 b 11.86 b
90°C water + 0.3% citric acid for 5 

minutes (MD) 11.92° , 1 1 .95de 11.91° 11.92 d 11.83 d 11.83c 11.72° 11.72°

90°C water + 0.3% citric acid + 1500 ppm 

SO2 for 5 minutes (MD) 11.72 d 11.73f 11.68° 11.68f 11.67f 11.67 d 11.65 d 11.63d

90°C water for five minutes (MW) 12.41ab 12.33 b 12.40a 12.33 b 12.35 b 12.30 b 12.32 3 12.26 3
90°C water + 0.3% citric acid for 5 

minutes (MW) 12.533 12.523 12.463 12.443
"i

12.43 3 - 12.42 3

90°C water + 0.3% citric acid + 1500 ppm 

SO2 for 5 minutes (MW) 12 .3 5b 12.3 7 b 12 .35b 12.32 b 12.32 b 12.24b ' 12.333 12.22 3

The values represent means of 3 replications
The values haying different superscripts differ significantly at 5% level . -
- denotes the treatments discarded due to quality deterioration ‘ ui



Table 21. Crude fibre of dried breadfruit during storage under ambient conditions with different drying techniques and packages
in percentage

Months
Treatments 2 • 4

- PE , PP PE PP PE PP PE PP
90°C water for 5 minutes (SD) 4.17f 4.53 a ■ 4.25e 4.54a 4.47a 4.55b 4.45a 4.45a
90°C water + 0.3% citric acid for 5 

minutes (SD) 4.33 d 4.32 b0 4.33 d . 4.32 b 4.26c 4.290(16 4.2 2 bc 4.22 ̂

90°C water + 0.3% citric acid + 1500 

ppm SO2 for 5 minutes (SD) 4.37d ' 4.34 b 4.36“*
l

4.37b 4.40 b 4.35 c - ,

90°C water for 5 minutes (MD) 4.53“* 4.32 bc 4.53a 4.24 c 4.493 4.25e 4.47a 4.22 e
90°C water + 0.3% citric acid for 5. 

minutes (MD) 4.43 a 4.36 b 4.40 bc 4.36b 4 .3 7 b 4.33 ^ 4.34ab 4.32c

90°C water + 0.3% citric acid + 1500 

ppm SO2 for 5 minutes (MD) 4.40bc 4.16d 4.38cd 4.16d 4.40b 4.24e 4.46a 4.24 e

90°C water for five minutes (MW) 4.15f • 4.27c 4.15f 4.27c 4.17d 4.28 de 4.17 c 4.31“*
90°C water + 0.3% citric acid for 5 

minutes (MW) 4.24e 4.18 d 4.24e 4.22c - 4.26c - 4.26 de

90°C water + 0.3% citric acid + 1500 

ppm SO2 for 5 minutes (MW) 4.46 b 4.50a 4.46 b 4.54a ' 4.26c 4.54a 4.25 bc 4.43ab

The values represent means of 3 replications
The values having different superscripts differ significantly at 5% level
- denotes the treatments discarded due to quality deterioration
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and sun drying. All the three pre-treatments were found to record values on par in 

both microwave oven drying and sun drying and significant difference (P < 0.05) 

was noticed, among the pre-treatments only in case of mechanical drying, where 

water blanching resulted in better ascorbic acid retention (Table 20).

4.3.4.5 Crude fibre

Crude fibre content recorded an increasing trend throughout the storage 

period. After four months of storage, maximum crude fibre content was recorded 

in samples subjected to water blanching and then sun dried. Minimum values were 

recorded in case of mechanically dried samples, where the pre-treatments of water 

blanching and blanching in water with 0.3 per cent citric acid + 1500ppm SO2 were 

on par (Table 21).

4.3.4.6 Residual S02

The residual S02 of samples pre-treated with KMS + citric acid and 

dried under different methods were analysed after reconstitution in boiling water 

for five minutes.

Table 22 showed that the maximum residual S02 was in the microwave 

oven dried samples throughout the storage period and was significantly different 

from other samples (P < 0.05). The samples subjected to sun and mechanical 

drying also differed significantly among each other with higher values in 

mechanically dried samples.
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Table 22. Residual S02 of KMS treated dried breadfruit during storage under 
ambient conditions (ppm)

Treatments Months
1 2 3 4

T 13 91.35 77.27e - 60.43e -

T,4 90.61 74.37* 59.291 -

T,s 108.24 89.69“ 84.07b 71.26b
T,6 102.97 93.71 c 84.63b 59.21 “

T 17 114.83 100.33a 88.87a 70.09b
T,8 128.77 98.45b 82.96 c 73.15a

Values represent means of 3 replications
Values with different superscripts differ significantly at 5% level
r  denotes samples reconstituted completely within an hour
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DISCUSSION

Breadfruit, a tropical fruit crop originated in the Indo-Malayan 

archipelago is an important staple crop in that area. The fruit is starchy and the 

mature unripe fruit alone is consumed as a vegetable in the same way as tubers and 

root crops. Nutritionally, it is as good as the root and tuber crops and in certain 

cases it is superior to them in terms of vitamins and minerals. It is not consumed in 

the real sense as a fruit where ripening is a pre-requisite for consumption, instead it 

is eaten as a vegetable in the pre-ripe stage. Therefore the ultimate goal of 

preservation of breadfruit is to arrest or prolong the ripening phenomenon so as to 

extend the shelf life of the whole fruit. Hence various pre-treatments and 

packaging techniques were employed to extend the shelf life of both whole fruit as 

well as minimally processed slices. An attempt has also been made to store the 

slices in a dehydrated form. The results of these experiments are discussed in this 

chapter.

5.1 Storage of fresh breadfruit

Breadfruit, like other tropical fruits softens and deteriorates rapidly 

under ambient tropical conditions of high temperature and humidity (24-31°C; RH 

> 65%). This softening in breadfruit occurs within two or three days of harvest. 

Maharaj and Sankat (1989) noted that at ambient temperatures (28°C) breadfruit 

undergoes browning of the skin during ripening and attributed this to the normal 

degradative changes associated with ripening. Submerging fruits in water, a 

traditional method of breadfruit storage had helped in maintaining the bright green
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colour of the skin under ambient conditions suggesting that water loss may be one 

of the reasons for browning (Thompson et a l 1974). Water loss from epidermal 

cells could cause cell damage such as membrane leakage which in turn brings 

soluble phenolics into contact with polyphenol oxidase, causing browning and 

ultimately cell death. By reducing the rate of transpiration freshness can be 

maintained, hence moisture proof films can be employed for such purposes. 

Accordingly various films with varying ventilation have been tried to minimize the 

rate of transpiration and respiration with the idea to extend the shelf life of the fruit 

both under ambient and refrigerated temperatures.

5.1.1 Physiological loss in weight

In the present study, the treatments, viz, wrapping the fruit in cling film 

and packaging fruits in unventilated PE film were recorded as the most superior 

treatments in all the quality attributes, by which successful storage of the fruit for 

five days at ambient temperature and seven days under refrigeration were made 

possible (Plate 4).

During the process of respiration and transpiration, there occurs water 

loss from the fruit which reduces the fresh appeal. Physiological loss in weight 

(PLW) is the loss in saleable weight and hence has to be minimized. Minimizing 

the water loss from the produce involves lowering the capacity of surrounding air 

to take up additional water, that is, the vapour pressure difference between the 

produce and air surrounding it is to be minimized. This is the principle behind 

providing a pre-package to the fresh fruit.



Plate 4. Fruits after five days o f storage in cling film (T |) and in 
unventilated pouch (T2) against the control (Tg)
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In modified atmosphere packaging, utilization of oxygen for respiration 

produces respiratory heat and water, resulting in high humidity around the 

commodity.

PE without ventilation recorded the least PLW up to the end of storage. 

The PE acts as a controlled condition and it reduced the weight loss and extended 

the shelf life. The low PLW is due to the high humidity created within the 

packages by the respiring fruits. The PLW was highest in unwrapped fruits. These 

results are in confirmity with the finding of Thompson et al. (1974), Marriott et al. 

(1979) and Worrell and Carrington (1997). The high PLW recorded in unwrapped 

fruits as well as in fruits wrapped in newspaper, showed that it is due to the higher 

rate of water vapour transmission. This resulted in higher transpiration rate and 

thus low relative humidity within the immediate surroundings of the stored 

materials.

Storage under low temperature is suggested as a good method for 

restricting deterioration of breadfruit since refrigerated storage has been shown to 

extend the post harvest life of the produce (Kader, 1992). Storing fruits under 

refrigerated conditions significantly reduced weight loss compared to storage under 

ambient conditions (Sankat and Maharaj, 1993).

The results of the present study showed that under low temperature (7 ± 

2°C) the treatments, viz., wrapping fruits with cling film and packaging it in 

unventilated PE bags were found to impart maximum shelf life. The shelf life was 

found to be more than that of ambient storage under the same treatments. This is
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because the relative humidity under refrigerated system is higher compared to 

ambient conditions, hence the vapour pressure difference is reduced, resulting in 

lower rate of moisture loss from the commodity. Besides lower temperature has 

reduced the rate of respiration and hence the relative increase in the shelf life. 

Hence the results here indicate that packaging fresh breadfruit in unventilated PE 

bags or wrapping the fruits individually with cling film, both under ambient 

condition or refrigerated storage is superior to all other treatments, which is in 

conformity with the findings of Thompson et al. (1974), Marriott et al. (1979), 

Sankat and Maharaj (1993) and Worrell and Carrington (1997).

5.1.2 Firmness

Firmness showed a significant and continued decrease reflecting the 

rapid softening of pulp resulting from biochemical processes such as hydrolysis of 

starch and accumulation of soluble solids (Bamell, 1941). In the present study, 

fruits packaged in unventilated PE bags exhibited a significant delay in softening 

compared to unwrapped fruits. This behaviour is attributed to the modified 

atmosphere conditions created by packaging and the subsequent delay in the 

ripening and softening rates (Sankat and Maharaj, 1993).

Polyethylene film is partly permeable to 0 2 and C 0 2 and the proportion 

of these two gases surrounding the fruit wrapped in PE would be changed during 

storage as a result of respiration and diffusion. Softening due to ripening in 

plantains is slower at high humidity compared to low humidity, and since 100 per 

cent humidity would rapidly be created around breadfruits in PE bags owing to its
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high respiration rate, which could have contributed to the effect (Thompson et al., 

1974).

Fruits packed in ventilated PE bags lost fruit firmness within a 

significantly shorter time compared to those in unventilated PE bags. This is in 

conformity with the results in guava where firmness of stored fruits were found to 

be inversely proportional to the levels of ventilation tried (Venketesha and Reddy, 

1994). The control fruits softened within the least time, due to hydrolysis of starch, 

hemicellulose and cellulose during ripening by way of high rate of respiration.

The reduction in fruit firmness was found to be less in refrigerated 

storage compared to ambient storage. Here also, fruits wrapped in unventilated PE 

bags recorded maximum firmness after seven days of storage. The increase in fruit 

softening beyond this period may be due to the climacteric rise in the respiration 

rate. This is in accordance with the reports of Marriott et al. (1979) and Passam et 

al. (1981).

5.1.3 Starch

The starch content of the fruit was found to decrease during the storage 

period. The decrease is due to conversion of starch to sugars, a phenomenon 

observed in banana, apple and many other tropical and subtropical fruits (Spencer, 

1965). Breadfruit exhibits a typical climacteric respiratory pattern with very high 

0 2 consumption and C 02 production even at 20°C (Biale and Barcus, 1970). In the 

present study, starch breakdown was found to be least in those fruits wrapped in 

unventilated PE bags and the modified atmosphere in the pack with high
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concentration of C 0 2 must have slowed down the rate of starch breakdown. This is 

in corroboration with the results of Yamashita et al. (1997) in mangoes.

5.1.4 Sugars

Total and reducing sugars were found to increase throughout the storage 

period irrespective of treatments. This may be due to rapid synthesis of sugars 

from precursors like starch, which is largely dependent on the storage temperature 

and time. So the storage life was five days at ambient temperature and nine days 

under refrigeration. This was in confirmity with the report of Adewusi et al. (1995) 

who reported that breakdown of carbohydrates to sugars as an indicator of fruit 

deterioration in breadfruit was highest when fruits were stored under room 

temperature and less when stored under water or in a refrigerator.

5.1.5 Vitamin C

The vitamin C content exhibited a decreasing trend with ripening of the 

fruit in all the treatments. This has been reported by Graham and DeBravo (1981) 

who explains that it may be due to possible conversion of vitamin C to other 

compounds or enzymatic degradation. The decrease may be due to the influence of 

comparatively higher oxygen content in the atmosphere (Singh et al., 1970) 

coupled with cellular disorganization (Harris and Karmas, 1977) which 

disintegrates the ascorbic acid.

5.1.6 Crude fibre

Crude fibre content was found to decrease with advancement of storage 

period. The decrease in crude fibre content as the fruit matures probably reflects
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the degradation of hemicellulose and other polysaccharide material during ripening 

(Graham and DeBravo, 1981).

5.2 Storage of minimally processed breadfruit slices

Minimally processed fruits and vegetables can be defined as those fruits 

and vegetables that have been cleaned, peeled, cut, sliced and packaged by any 

means, short of killing the tissues. Minimal processing is done for live plant tissues 

after washing, and giving sanitation or preservation treatment and then giving it 

proper packaging, so that chances for contamination by microbes is reduced. Thus 

it is possible to retain the product in a near to fresh form and yet for a longer 

period. It also has the added advantage of being in ‘ready to cook’ form. In the 

present study, breadfruit after peeling and slicing had been subjected to blanching 

in water for three minutes and then given various treatments with the purpose of 

having an extended shelf life compared to fresh fruit.

Discolouration occurs at the cut surface of fruits and vegetables as a 

result of disruption of compartmentation that occurs when cells are broken 

allowing substrates and oxidases to come into contact. Wounding also induces 

synthesis of some enzymes involved in browning reactions or substrate 

biosynthesis (Rolle and Chism, 1987). Oxidative browning at cut surface is a 

limiting factor in storage of many minimally processed fruits. In the present study, 

the breadfruit after slicing were blanched at 90°C for three minutes, for 

inactivating the enzymes causing browning.
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Among the different treatments tried for extension of life of minimally 

processed breadfruit slices at ambient temperature, modified atmosphere packaging 

of the product proved to be better.

Modified atmosphere packaging (MAP) is the method for extending the 

shelf life of perishable and semi perishable food products by altering the relative 

proportions of atmospheric gases that surround the food (Barmor, 1987; Day, 

1992; Wade, 1980). This differs from controlled atmosphere storage (CAS) where 

the storage atmosphere is different from normal atmosphere by precise adjustment 

of the component gases to specific concentrations and maintaining it throughout 

the storage period (Debney et al., 1980). So in MAP, there is no means to control 

precisely the atmospheric components at a specific concentration once a package 

has been hermetically sealed (Day, 1990). MAP can help in extension of storage 

life by retarding deteriorative changes and providing better retention of 

commodity. The altered atmosphere can slow down the physiological metabolism; 

retard the process of ageing, reduce chances of enzymatic reactions and provide 

better retention of cellular components like sugars, organic acids etc. (Baxter and 

Waters, 1991 and Kaji et al., 1993). In the present study, minimally processed 

breadfruit slices packaged with nitrogen gas (T4) was found to have better sensory 

qualities in terms of colour, texture and flavour, compared to other treatments at 

ambient temperature. Packaging the slices with N2 and with C 02 were found to be 

nutritionally superior to the other treatments.
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MAP coupled with low temperature storage is found to impart longer 

shelf life to minimally processed product. Quality deterioration can be retarded by 

decreasing the temperature of plant tissue and this can enhance the quality and 

shelf life by at least three to five fold or more (Wills et al., 1989). In the present, 

study, T2, packaged with C 02 gas and kept under refrigeration was found to have a 

shelf life of four weeks as against one week at ambient temperature. The same was 

the case with T4 and Ts, packaged with N2 and vacuum respectively.

Frozen storage of minimally processed breadfruit slices were also done 

and breadfruit slices packaged in modified atmosphere with C 02, N2 and vacuum 

i.e., T2, T4 and T5 respectively were found to keep without any quality deterioration 

for four months. This result is in conformity with the findings of Passam et al. 

(1981) who reported that storage life of 12 weeks could be attained for breadfruit 

pieces subjected to freezing storage in aluminium foil package; the additional life 

here obtained is due to the cocktail effect of low temperature and modified 

atmosphere package as explained by Wills et al. (1989) (Plate 5).

When fruits are peeled, sliced or diced, oxidation is stimulated and 

changes in vitamin C can be observed. Blanching with hot water, steam or a 

combination of the two can cause leaching of minerals and destruction of 

vitamin C (Woodroof, 1988). Vitamin C losses up to 25 per cent has been reported 

due to leaching into the water during blanching (Lee et al., 1982). In fruits 

approximately 17 per cent loss in ascorbic acid has been reported due to blanching. 

In the present study, during the storage of minimally processed breadfruit slices, a



Plate 5. Minimally processed breadfruit slices packaged in CO2 (T2) and 
Vacuum (T5) after four months of frozen storage
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slight decrease in starch and vitamin C has been reported, which is in accordance 

with the above findings. The residual S02 concentration was higher in the samples 

steeped in 1500ppm S 02 and stored under ambient conditions. The permitted S02 

levels in ‘ready to serve’ foods is 70ppm. On cooking the amount of residual S02. 

in the samples is found to reduce to one fifth of the original quantity (Narasimham 

and John, 1995). In the present study, under all three temperatures of storage the 

residual S 02 content was found to be below the maximum permitted level.

5.3 Dehydration and packaging studies

Despite its ease of cultivation in the tropics, breadfruit is underexploited 

as a food, principally, because of its poor post harvest storage behaviour (Wootton 

and Tumaali, 1984b). Dehydration is a suitable method for long term storage of the 

fruit and is comparatively a cheaper method employed on a commercial scale. It 

involves simple air drying to modem freeze drying methods. Even though freeze 

drying has several advantages over air drying, it is an expensive technique. 

Therefore air drying is most commonly employed, when striking a compromise 

between the quality and the cost.

Drying refers to the removal of water by heat to such a level that 

biochemical and microbial activities are checked due to reduced water activity in 

the product.

In the present study, breadfruit slices were subjected to three pre

treatments and three methods of drying and could be stored without deterioration 

for a period of four months. By drying, the water activity gets reduced to such a
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level that biochemical and microbial activity are kept at minimum, which was 

further maintained by providing packaging to the product. The dehydrated product 

is comparatively hygroscopic, therefore unless stored properly will pick up 

moisture rapidly and will invite microbial spoilage, thus deteriorating the product.. 

So providing a suitable packaging to dried product is essential.

Blanching is a hot water treatment in which fruits or vegetables are 

subjected to heating in water or live steam before processing (Kalra, 1990). This is 

to inactivate the enzymes, to prevent browning in the dried product. Blanching in 

boiling water for five minutes, helped in obtaining good quality dried breadfruit 

(Narasimham and John, 1995). In the present study, the samples subjected to 

blanching for five minutes in hot water (90°C) with 0.3 per cent citric acid and 

1500 S02 was better in colour and rehydration properties and it also maintained the 

colour during the entire storage period. Sulphuring or sulphiting is known to 

prevent the enzyme catalysed oxidative changes, inhibit microbial deterioration 

and facilitate drying by plasmolysing the cells (Tanga, 1974).

Out of the three drying methods, the breadfruit dried in microwave oven 

was found to have the best colour, flavour and texture. This is in agreement with 

the finding of Decareau(1984) who reported that quality of the product dried in 

microwave oven was superior in terms of colour and texture. This is also due to the 

lesser time involvement in the microwave oven drying than in the other drying

methods.
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Mechanically dried breadfruit samples were having better overall 

appearance compared to sun dried samples. This is supported by Khedhkar and 

Roy (1989) in mango and Jayaraman et al. (1991) in vegetables.

The time taken for drying the blanched samples was 12 hours in 

sundrying, 10 hours in mechanical drying and only 90 minutes in microwave oven 

drying. This difference in time for drying can be attributed to the difference in the 

drying mechanism involved and the instruments used for the drying (Suguna et al, 

1995).

Sahni et al. (1998) reported that microwave energy is believed to 

inactivate microbes by the conventional thermal mechanism including potentially 

irreversible heat denaturation of enzymes, proteins, nucleic acids or other cellular 

constituents vital to cell metabolism and reproduction resulting in cellular death. 

However Chipley (1980) proposed that an athermal mechanism of lethal action 

exists, an effect that can be attributed to the intrinsic nature of microwave, and 

unrelated to lethality caused by heat; that is how better quality is maintained in the 

microwave oven dried samples.

Dehydration ratio is an indicator of yield. Yield and quality of the dried 

product are influenced by factors like initial moisture content, drying, temperature 

and time, susceptibility of the material to heat damage, pre-drying treatment and 

moisture content of the finished produce (Kaushal and Sharma, 1995).

In the present study, the highest yield was seen in microwave oven 

drying followed by mechanical drying and sun drying. The highest yield during
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microwave oven drying may be due to shorter period of exposure of material to 

heat damage. This finding is supported by Decareau (1984) who reported that 

microwave processing resulted in shorter processing time, higher yields and better 

quality than by conventional drying. The report of Ruello (1984) that fast cooking 

time of microwaves resulted in the retention of volatile substances which were 

usually expelled during conventional cooking, further authenticated the result 

(Plate 6).

Out of the different pre-treatments, highest yield was recorded in 

samples blanched in water with 0.3 per cent citric acid + 1500ppm S02 followed 

by these blanched in water with 0.3 per cent citric acid and lowest yield was in 

samples subjected to water blanching. This may be because, the particles of citric 

acid and KMS might have entered the intercellular spaces of breadfruit thus 

contributing to the higher weight. *The breadfruit pieces lost weight due to 

blanching, which resulted in lower yield in Tj. The rate of drying was rapid for 

samples dried after water blanching.

Similar to dehydration ratio, minimum shrinkage was shown by 

microwave oven dried samples, followed by mechanical and sundrying 

respectively; this is also due to the duration of heat involvement, more the time of 

exposure to heat, more will be the textural breakdown; microwave oven drying 

involved the least time, hence higher shrinkage ratio. This is in agreement with the 

findings of Rama (1998) in mushrooms.



Plate 6. Dehydrated breadfruit slices after four months storage
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Among different pre-treatments, the lowest shrinkage was recorded for 

samples dried after blanching in water having 0.3 per cent citric acid + 1500 ppm 

S02. Comparing the various methods of drying, microwave oven drying was 

superior to. mechanical and sundrying with respect to rehydration ratio. Better 

texture retention by microwave oven drying compared to other methods might 

account for this factor.

The fastest rehydration and highest reconstitution ratio was exhibited by 

samples microwave oven dried with blanching in water having 0.3 per cent citric 

acid + 1500 ppm SO2. The elasticity of cell walls and swelling power of starch, 

which are important for good rehydration are reduced when heat treatment is 

prolonged as suggested by Arsdel and Copley (1963); the lower rehydration ratio 

of sundried samples may be explained by the above statement. The rehydration 

ratio of sulphited lots was higher than for the other two, probably due to better 

texture retention in the sulphited lots.

The residual moisture content was maximum in sun dried samples 

followed by mechanical and microwave oven dried samples. This indicated the 

efficiency of microwave oven drying in removing maximum moisture in shortest 

time. A gradual increase in the moisture content 'was observed during storage in all 

dried samples irrespective of packaging material used. This is probably because 

both PE and PP used here are not 100 per cent barrier proof for water vapour 

transmission. However they are the best available material for the packaging of 

dried products as suggested by Balasubramanyam (1995). Hence a veiy slow
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ingress of moisture can be expected with the advancement storage period; 

especially when the relative humidity is higher around the storage vicinity.

Processing of fruits by dehydration, freezing etc. result in changes in the 

composition of the product, which is reflected in the nutritional-value. Losses may. 

occur in sugars, acids, vitamin C and minerals. Dehydration can alter the chemical 

composition of products and change the nutritional qualities to some extend 

(Young, 1975). Light accelerates lowering of vitamin C content of processed 

products, the losses are more when clear plastic films are used for packaging 

(Karlsson, 1988 and Kenny, 1978). During the storage of dehydrated breadfruit 

slices, in the present study, a gradual reduction in nutritional quality, i.e., starch, 

vitamin C and increase in sugars were noticed which is in agreement with the 

above findings.
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SUMMARY

Studies on the shelf life of bread fruit (Artocarpus altilis (Park) 

Fosberg) were carried out in the Department of Processing Technology, College of 

Horticulture, Vellanikkara, during 2000-01. The main objectives were to develop a 

simple and cheap storage technique to extend the shelf life of breadfruit under 

ambient and refrigerated conditions, to store breadfruit slices in- a semi processed 

form so as to make it available during the off season and to keep it in a dehydrated 

form with suitable pre-treatments and packages, intended to be available almost 

round the year.

The PLW of bread fruit under both cling film and unventilated 

polyethylene bags of 250 gauge were lesser than the corresponding controls at both 

ambient and refrigerated temperatures. The two packaging techniques were found 

to be equally good with respect to all parameters evaluated viz., starch, total and 

reducing sugars, ascorbic acid, crude fibre and firmness. The life of the fruit could 

be extended up to five days and nine days under ambient and refrigerated 

conditions respectively.

Minimally processed breadfruit slices with modified atmosphere 

packaging were found to have longer shelf life. In case of ambient storage, the 

product could be successfully stored without any deterioration in quality when 

packaged with N2 gas for a period of eight days. Combining modified atmosphere 

packaging with low temperature storage imparted longer life to the product. Under 

refrigeration, the life of the product could be extended up to one month. Frozen
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storage of the breadfruit slices, extended the shelf life further to four months when 

packaged in modified atmosphere with C 02, N2 and vacuum.

Under dehydration studies, the samples pre-treated with citric acid + 

KMS was found to be the best in quality and could be stored for four months, 

without any quality degradation. Comparing the various drying techniques, 

microwave oven drying proved to be superior to sun drying'and mechanical drying 

with respect to rehydration ratio. The samples pretreated with citric acid + KMS 

recorded lowest shrinkage, longer storage and better yield. No significant 

difference was observed between polypropylene and polyethylene as a packaging 

material for dried samples during storage.

Microwave oven drying, though resulted in superior quality product is 

an expensive proposition and hence commercially, mechanical drying could be 

employed to strike a compromise between quality and cost of production. Dried 

material is to be packaged in PE or PP films to prevent moisture reabsorption.
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A B S T R A C T

An experiment was conducted in the Department of Processing 

Technology, College of Horticulture, Vellanikkara during 2000-01 to evolve a 

simple and cheap technique for storage of fresh breadfruit under ambient and 

refrigerated conditions and to store it in minimally processed and dehydrated forms 

for making it available during the off season.

Packaging fresh fruits in unventilated PE pouches as well as wrapping 

of individual fruits with cling film proved to be beneficial in extending the life up 

to five days at ambient and for nine days at refrigerated conditions with least 

deteriorative changes.

Modified atmosphere packaging proved to be beneficial in extending the

-life of minimally processed breadfruit slices, when coupled with low temperature
f

storage it was even more successful in extending \he life as well as quality of the 

product.

The breadfruit pieces dehydrated after pre-treating with citric acid + 

KMS showed better colour, lesser shrinkage and higher reconstitution and could 

be stored for four months without any spoilage, when packed in PP or PE bags 

after subjecting it to microwave oven drying.


