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INTRODUCTION 

The Indian fruit and vegetable processing industry is now regarded as the 

"sun rise" industry. It helps to minimise the posthalVest losses which is as high as 

25-30 per cent of the value of the produce. At this scale it is estimated to be as 

Rs.3000-4000 crores per annum (Patnaik, 1994). The processing industry helpsto 

prolong the availability period for processed products and helps to create 

employment opportunities especially in rural areas. Besides this it also makes 

nutritious and hygenic food products available to the consumers all round the 

year. 

The important food preselVation processes are dehydration, canning, 

fermentation, radiation, freezing, use of chemical preselVatives, addition of sugar 

or salt etc. Of these, dehydration, which is an ancient art of processing fruits and 

vegetables is one of the most widely accepted methods on a commercial scale. 

Dehydration industry today is a big business and there are large number of 

technical options for removal of moisture from commodities, each best suited for 

a particular commodity/situation. 

Sun drying has been used for drying agricultural products from time 

immemorial. Though this method is very easy and cheap it has got certain 

disadvantages. Sun drying require more space, labour, and resulting in high loss 

of nutrient and colour and also require long drying periods. Sun drying is not 

suited for rainy season and the products do not have uniform quality. But most 

of the dehydrated vegetable produc+..s available in the market are manufactured 



by cottage level entrepreneurs through sundrying without employing any scientific 

technology. So attempts for improvement of sundrying technology was attempted 

in the present study in selected vegetables. 

Dehydration in cabinet dryer is the conventional method used for artificial 

dehydration. Cabinet dryers can be used for batch operations and are usually 

held at a constant temperature. Cabinet dryers are flexible as to type and size of 

operation and are highly suitable for small scale operations (Salunkhe et al. 1976). 

Microwave oven dehydration, a recent innovation in dehydration technolOgy, is 

an efficient system of dehydration (Rao et al. 1995). Nowadays microwave ovens 

are gaining popularity as household appliance. The cabinet dryer and microwave 

oven are two simple equipments which offer good potential for self employment 

for rural women. Dehydration is an ideal avenue for self employment for women 

in urban and rural areas. Hence, in the present study standardisation of 

procedures for dehydration using cabinet dryers and microwave ovens were tried 

in comparison with sun drying. 

Blanching with or without chemical treatments are also tried as 

pretreatment for dehydration as they are found to have advantageous results 

(Kalra, 1990). Chemi~a!s commonly used for pretreatments in vegetables are 

potassium metabisulphite (IGYfS), citric acid, sodium chloride etc. (Patil et al. 
". 

1978). Some of the pretreatmentshave been found to reduce duration of drying 

time (Salunkhe et aI. 1976). Thus, while standardising the dehydration technique 

for a new product it is necessary to assess the effectiveness of selected 



pretreatments. Thus,in the present study attempt was also made to compare 

effectiveness of few treatments . 

Packaging requirements for dehydrated products val)' considerably. 

Various packaging materials like polyethylene films, polypropylene films, 

aluminium foils, ana laminates are available for packaging of products. The 

selection of packaging material has to be done carefully after assessing the 

suitability, length of storage, value addition due to packaging and other factors. 

Thus, product development necessarily includes a study on the packaging 

standardization aspect. In the present study some of the popular packaging 

materials like polyethylene and polypropylene films were used for standardising 

the packaging requirement. 

Bittergourd, chilli. cowpea, okra, carrot, taro, omon, potato, 

'anachunda'(Solanum to rvum) , black nightshade (Solanum nigntm) , and lotus 

(Nelumbo nucifera) are some of the important south Indian vegetables used for 

dehydration. In bittergourd, a popular dehydrated vegetable in Kerala. 

standardisation of dehydration technique and development of products like 

intermediate foods were done scientifically (Veenakumari, 1992). The other 

important dehydrated products available in the market are fruits of 'anachunda', 

black nightshade and stolon slices of lotus. 

Anachunda (S.tOlvum),and black nightshade (S.nigntm) are two under 

exploited plant species, belong to Solanaceae family, commonly found in the 
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Plate 1. Nellllnho nllciJ(~ra - a field view 





homesteads of Kerala. Both the plant yield fruits having medicinal and culinary 

properties. These fruits are also popular among Keralites as a dehydrated 

vegetable which is consumed as an oil fried (hot oil immersion dehydration) wafer 

("Kondattam" in Malayalam) as a side dish for rice meals. The stolons of lotus 

belonging to Nymphaeaceae family, highly nutritive, is also popularly consumed 

both as a fresh vegetable after cooking and in the dehydrated form after oil 

frying. 

Exploitation of agricultural resources in water bodies is one of the 

identified targets in the agricultural development policy. Lotus is an aquatic plant 

of Kerala giving many useful things (plate 1). The lotus flowers are the most 

needed flower for "po oj as " in temples. Lotus flowers are used in garland making 

also especially for wedding ceremonies. The lotus leaves are also ideal as plates 

for serving meals just like banana leaves. Besides this lotus stolon is a good 

vegetable and is used for making "kondattam" through dehydration. 

No attempt has so far been made to standardise scientific dehydration 

techniques in any of the above three species. For want of specific standardised 

techniques, the commercial exploitation of the market potential of these 

dehydrated vegetables are not being exploited. The changing lifestyles and 

urbanisation has made life much faster. Thus, dehydrated vegetables have 

become a consumer item in the supermarkets, which was hither to a leisure time 

activity of housewives of the joint families. Vegetable dehydration offer. 

considerable scope as a self employment scheme for unemployed persons in rural 

areas, especially rural women. 
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Considering all these aspects,an investigation was undertaken to meet the 

above desideratum. The objectives of the study were: 

1. To standardise suitable dehydration technique(s) in Solanum [OlVUm 

Solanum nigrum and Nelumbo nucifera. 

2. To study packaging and storage requirements of dehydrated samples 

of Solanum tOlVum, Solanum nigmm and Nelumbo nucifera. 

3. To evaluate sensory qualities of hot oil fried dehydrated samples of 

Solanum tOlVum, Solanum nigrum and Nelumbo nucifera. 





REVIEW OF LITERATURE 

The relevant literature related to the study is reviewed here under the 

following titles: 

2.1. Effect of pretreatments on the quality of dehydrated vegetables. 

2.2. Methods of dehydration 

2.3. Packaging and storage of dehydrated products 

2.4. Sensory evaluation of dehydrated products 

2.1. Effect of pretreatments on the quality of dehydrated vegetables 

2.1.1. Effect of blanching on quality 

Blanching is a partial pre-cooking treatment in which vegetables or fruits 

are usually heated in water or in live steam before processing. It is often called 

as scalding also(Kalra, 1990). 

Tandan and Virmani(1949) determined blanching time of different 

vegetable in different blanching media. They reported that, in bittergourd, 

blanching in boiling water inactivated catalase and peroxidase enzymes. When 

water at 200°F was used for blanching, three minutes blanching was needed. 

Kuppuswamy and Rao(1970) conducted studies on dehydration of 

greenpeas and revealed that blanching time varied with type of blanching. A four 

minute blanching in water containing preservatives had a favourable effect from 



the point of view of reduction in cooking time. In steam blanching three minutes 

was found to be the optimal time. 

Srivastava and Sulebele(1975) studied effect of pretreatments on 

dehydration of cauliflower, They reported that the time required to inactivate 

catalase and peroxidase by hot water and steam blanching was four and seven 

minutes respectively. It was also observed that blanched pieces had a slightly 

higher dehydration coefficient than unblanched pieces. 

Sehgal et al. (1975) after studying the nutritive value of sun dried green 

leafy vegetables reported that the loss of ascorbic acid and carotene contents of 

sun dried leaves varied from 34.4 to 63.5 per cent and 48.0 to 89.8 per cent 

respectively. 

Blanching can cause an increased crystallinity of the cellulose in the 

product. Blanching or scalding of vegetables for a few minutes in boiling water 

or steam serve as an additional cleaning operation. By this the properties of the 

final product were improved and inactivation of enzymes taken place (Salunkhe 

et al. 1976) 

Ratnatunga (1978) reported that spinach blanched by hot gas retained 34 

mg per cent ascorbic acid as compared to 21 mg per cent by hot water blanching. 

In chillies the drying time decreased from 12 hours in unblanched sample to 10 

hours in blanched sample as reported by Luhadiya and Kulkarni(1978). Both 

dehydration ratio and rehydration ratio were increased by blanching. Cnloropbyll 
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content was also more in blanched chillies (53 to 65 mg/g) than in unblanched 

product( 43 to 62 mg/g). Patil et at. (197B) studied the effect of blanching on the 

quality of dehydrated fenugreek. They observed that sampi s treated with 

preservatives potassium meta bisulphite (KMS), magnesium oxide (MgO) and 

blanched in boiling water for two minutes showed more retention of green colour, 

ascorbic acid and carotenes. When hot water at BOoe was used for blanching the 

time required for blanching was one to five minutes. By increasing the 

temperature of blanching water to 90°C to 100oe, the time of blanching was 

reduced to three and two minutes respectively. They also reported that with 

increase in the temperature of blanching water, the percentage loss of chlorophyll 

and ascorbic acid showed an increasing trend. 

Chaudhary and Roy (1979) carried out dehydration studies in fenugreek 

leaf. Dehydration was carried out without blanching and after blanching in 

boiling water and also blanching in 0.2 per cent KMS solution. They found that 

there were considerable losses in total chlorophyll and ascorbic acid during 

dehydration. Retention of chlorophyll was considerably improved by blanching 

to 52.2 per cent and 33.B pa cent in un blanched. This was further improved by 

blanching in sulphite solution to 70.6 per cent. But ascorbic acid retention was 

more in unblanched sampie (69.8 percent) compared to simply blanched sample 

(43.3 percen9. The ascorb;c acid content in sulphite treated sample was 56.5 per 

cent which was about 15 per cent more than that in the hot water blanched 

sample. Better dehydrated okra was produced by blanching in boiling solution of 



0.1 per cent sulphur dioxide for three minutes (Krutman,1981). Akpapunam 

(1984) found that leafy vegetables blanched in water at 98°C retained more 

amount of ascorbic acid. In dehydrated pumpkin ascorbic acid losses were more 

in control than in blanched and sulphited samples (Pawar et al. 1985). 

Goyal and Mathew (1990) studied the effects of different drying methods 

with or without blanching on the quality of dried cauliflower including ascorbic 

acid content and iron. Results showed that blanching followed by drying reduced 

the drying time, produced best organoleptic properties and caused nutrient losses. 

Kumar and Nath (1991) after studying the effect of additives in blanching 

water on quality of dehydrated green cowpea pods reported that a product of 

good green colour and superior sensory qualities could be prepared by blanching 

green cowpea pods for 10 minutes in boiling solution of 0.1 per cent N3.z C03 + 

0.1 per cent of NaHC03 + 0.25 per cent of NaMS followed by drying in a 

cabinet drier at 60 ± 1°C. 

Mulay et al. (1994) investigated the suitability of various pretreatments for 

preparation of dehydrated cabbage. It was reported that retention of ascorbic 

acid was more in sulphited samples as compared to sugar treated samples. The 

non-enzymatic browning in pota3sium metabisulphite treated samples was lower 

compared to other samples. Sugar treated samples showed higher rehydration 

coefficients in comparison with sulphited samples. 0.5 per cent KMS solution 

treatment was supetior for most of the sensory qualities of rehydrated cabbage. 



2.2 l'-:leilicci::; of deb:rdration 

In omon artificial drying reduced microbial infestation (Grone,1971). 

Sehgal et al. (1975) evaluated the effect of sun drying on the nutritive value of 

three green leafy vegetables viz; mustard, 'raya' and spinach. The protein content 

in tl:ese leaf vegetables increased from three to about 32 per cent which was due 

to loss of moist'.!;~. The loss of ascorbic acid and carotene contents of sun dried 

leaves variea from 34.4 to 63.5 per cent and 48.0 to 89.8 per cent respectively. 

The ash percentage of dehydrated samples were 20.7, 21.3 and 25.9 in raya, 

spinach and mustard respectively. 

An investigation was conducted for comparing sun drying and cabinet 

drying by Patil et al. (1978). It was found that severe losses of nutrient occurred 

in sun dried product compared to cabinet dried product. By giving the 

pretreatment of blanching in boiling water containing 0.5per cent KMS, 0.1 per 

cent MgO and 0.1 per cent of NaHC03, loss of chlorophyll was ten per cent in 

sun dried and 7.25 per cent in cabinet dried. The loss of ascorbic acid was 15.21 

and 12.91 per cent respectively in sun dried and dehydrated product. 

Maeda and Salunkhe (1981) compared different dehydration methods viz; 

sun drying and drying in conventional enclased solar driers, for African spinach, 

cowpea, sweet potato and cassava leaves. Ma~mum retention of the two vitamins 

A and C were obtained by drying vegetables in enclosed solar dryers. Direct sun 

drying resulted in marginal retention of the vitamins. Mudahar and Bains (1982) 

compared sun drying and dehydration in cabinet dryer for dehydrating Agaricus 

10 



bispOlUS mushrooms. The study revealed that dehydration using hot air through 

flow was superior to sun drying. The hot air dried products were attractive 

looking as compared to the sun dried products which turned perceptibly darker. 

Tne rehydration ratio values of sun dried samples were below those of hot air 

dried samples. 

Decareau (1984) reported that microwave processing resulted in shorter 

processing time, higher yields and better quality than by conventional techniques. 

Gupta and Nath (1984) studied drying oftomatoes by adopting two methods viz., 

sundrying and dehydration in a cabinet dryer. It was revealed that sun dried 

samples had higher moisture levels. The sun dried samples were of lighter colour 

than those dried in cabinet drier. Loss of total sugar was more in cabinet dried 

samples. Pawar et al. (1985) conducted dehydration studies in pumpkin and 

reported that losses of ascorbic acid, carotenoids and reducing sugars were more 

in shreds dried under sun than cabinet dried samples. Cabinet dried samples had 

shown higher dehydration ratio compared to sun dried samples. 

Ruello (1987) reported that fast cooking times of microwave's resulted in 

the retention of volatile substances which were usually expelled during 

conventional cooking. It was also reported that :nicrowaved food had appearance 

and taste quite different from conventionally cooked food. 

RaLlana et al. (1988) conducted a study on the effect dehydration methods 

on the colour of dehydrated fenugreek and mustard leaves. They found that 
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sundried samples showed considerable change in hue as well as chlorophyll 

content when compared to the solar cabinet dried and tray dried samples. Pawar 

et al. (1988) compared the effect of drying in solar dryers with that in mechanical 

and open air drying in onion. It was found that drying rate was faster in 

mechanical cabinet dryer. Solar dried samples retained slightly less ascorbic acid 

than mechanically dried. Ascorbic acid content in open air dried sample varied 

from 1.95 to 3.1 mglg, whereas that in mechanical cabinet dried samples was 2.78 

mg to 4.6 mglg. Solar cabinet dried samples showed higher scores for colour, 

flavour, texture and overall acceptability than the dehydrated samples. 

Goyal and Mathew (1990) compared open sun drying, shade drying and 

drying in solar dryer, for the dehydration of cauliflower. The study revealed that 

with respect to drying time, retention of nutrients and organoleptic characteristics, 

the blanching process as pre drying treatment, and solar drying as drying condition 

could be the best method for obtaining better quality in the dried products. 

layaraman et al. (1991) reported a significant loss of pigments and development 

of rancid odour due to lipid oxidation in direct sun drying of carrots and green 

peas. While indirect sundrying inside a cabinet minimised these changes and gave 

products comparable to artificially dried. 

Gopalakrishnan and Thomas (1992) studied the extent of green colour 

retention in fresh pepper subjected to treatments such as microwave exposed 

boiling water blanching and direct boiling water blanching. They reported that 

best colour retention was observed in the microwave exposed boiling water 



blanched samples. Chen and Chen (1993) studied the effects of microwave 

cooking and stability of chlorophyll and carotenoids in sweet potato leaves. They 

reported that the content of each pigment decreased with increasing heating time. 

Chlorophyll and epoxy containing carotenoids were most susceptable to heat loss. 

Rao et al. (1995) reported that microwave processing resulted in the excellent 

retention of nutritional and sensory value of foods. 

2.3. Packaging and storage of dehydrated products 

Mahadevaiah et al. (1976) studied the packaging and storage requirements 

of dried ground and white chillies (Capsicum annum) in flexible consumer 

packages. The study revealed that 300 gauge low density polyethylene film 

pouches were suitable for 500 g consumer unit packs for ground chilli powder to 

give a shelf life of three and six months under accelerated and normal conditions 

of storage respectively and under tropical condition. Two hundred gauge low and 

high density polyethylene films were suitable for packaging of whole chilli in units 

of 250g. 

Mahadevaiah et al. (1977) conducted packaging studies in pulses and cereal 

flours in flexible films. The study revealed that long term storage of about 8-10 

months and to withstand physical and environmental hazards, low density 

polyethylene pouches of 400 gauge were quite suitable in offering the desired 

protection for pulses in unit packs of 500g. 200 gauge LDPE film was quite 

adequate for short-term storage of about 3-4 months. Under both accelerated 



(38°C and 92±2%RH) and normal environmental conditions (2'fC and 

65±2%RH) of storage 200 gauge low and high density polyethylene film pouches 

were found suitable for the packaging of cereal (wheat) flours in unit packs of 

50Jg. 

Balasubrahmanyam and AJIandaswamy (1979) studied the packaging 

requirements for fried potato chips and found that potato chips had 15days 

storage life in 100 gauge high density polyethylene and cello/poly laminate. 

Balasubrahmanyam et al. (1979) reported that for long term storage aluminium 

foil laminate pouch was quite suitable in offering maximum protection against 

ingress of moisture and volatile oil loss in asafetida products. Cellophane and 

Saran/cello/ polylaminate have limited use for long term storage under high humid 

conditions even though they offerred a good protection against volatile oil loss. 

Under accelerated conditions of storage high density polyethylene pouch was 

suitable in offering desired protection to the product during storage. 

Kumar et al. (1980) conducted packaging and storage studies on two types 

of dehydrated mushrooms by packing in 400 gauge high density polyethylene and 

paperlPE/ foillPE laminated pouches under normal and accelerated conditions of 

storage. The blanched and treated sample at normal storage conditions indicated 

a shelf life of three months when packed in foil laminate and only one month 

wile!! packed in high density polyethylene pouches. The product kept well for one 

month at the accelerated condition, and the foil laminate packed sample was 

found better than ~igh density polyethylene packaged sample. 



Krishnamurthi et al. (1981) investigated suitability of flexible packages and 

inert 6as packing in sealed ins for the storage of fried 'Nendran' banana chips. 

It was found that for banana chips fried in fresh coconut oil, 300 gauge high 

density polyethylene bag packaging were satisfactory upto two months while 

packing in tins under CO2 was satisfactory upto six months at room temperature 

(28-32°C). 

Kalra (1981) studied the storage problems of solar dehydrated peas. The 

dehydrated peas were stored in high density (HD) polyethylene, black 

polyethylene and butter paper pouches at ambient temperature (23°C to 36°C). 

The initial moisture of four to five per cent changed very little in butter paper but 

varied in the other two. Most of the samples in HD polyethylene and black 

polyethylene were spoiled within two months of storage while butter paper bags 

proved more suitable. 

Kaur and Singh (1981) reported that high density polyethylene bags of 

500 gauge were best compared to aluminium foil laminated polyethylene bags for 

the storage of dehydrated cauliflower. 

Bhatia ~nd Mudahar (1982) reponed that intermediate moisture 

mushroom with 20 per cent moisture content packed in 300 gauge polyerhylene 

pouches, with an outer cardboard cover had a shelf life of about three months at 

3'fC and 42 to 74 per cent Relative Humidity. Optimum quality retention of 

tomato powder was achieved with a paper / polyethylene I aluminium foil / 

polyethylene 1aminate. This pac~agjng retained the nutrie.nt ccntents in a 
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better way (Gvozdenovic et a/.1983). 

Imermediate moisture okra had a shelf life of 40 days when packed in low 

density polyethylene bags (Thorat et a/. 1988). Rao et a/. (1991) reported three 

months scorage life at 3'flC and six months at ambient temperature for coconut 

chutney packed in flexible pouches. 

Manan et a/. (1991) reported that colocassia snack products was acceptable 

only upto thirty days storage at 30 to 35°C and RH 30 to 65 per cent, when 

packed in 120 gauge polyethylene pouches. Premavalli et a/. (1991) reported that 

potassium sorbate treated carrot and pumpkin halwa remained stable upto one 

and two months in aluminium foil and polyethylene laminate pouches respectively. 

2.4.Sensory evaluation of dehydrated products 

Sensory quality of the food is the consumers reaction to the physical and 

chemical constituents of the food in its prepared and formulated form. Sensory 

evaluation is the main technique for evaluating consumer acceptance and 

preference, relative importance of sensory attributes in relation to food type for ) 

the consumer, consumer response to non-sensory characteristics in relation to 

quality of food, and changes in consumer food preferences (Govindarajan,1979). 

Pmthi et ai. (1978) studied the dehydration of tropicai paddy straw 

mushroom and evaluated the products organoleptically by a panel of five judges 

for coiou!", texture,taste, aroma and overaH acceptability by using a hedonic scale. 

16 
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PatH et al. (1978) in their study of effect ofblancaing factors on quality and 

durab~2ity of sun dried and (lehydrated fenugreek (methi) evaluated the culinary 

quality of dried products by a taste panel of ten semi - trained judges using 

hedonic scale. It was reported that the product blanched at boiling temperatures 

for two minutes with 0.5 per cent K.J.\1S + 0.1 per cent MgO + 0.1 per cent 

NaHC03 and dried in cabinet drier got maximum score and was the best. 

Krishnamurthi et al.(1981) studied the over all quality of deep-fat fried 

'Nendran' banana chips by using a 7-point hedonic scale ranging from "like 

extremely" to "dislike extremely". For assessing the quality of intermediate 

moisture (1M) carrot preseIVe the organoleptic evaluation was carried out by a 

panel of seven judges using a 9-point Hedonic scale (Sethi and Anand, 1982). 

Organoleptic evaluation for finding out best dehydration methods of mango slices 

was done by a panel of six judges following hedonic scale as reported by Teotia 

et al. (1987). 

Ramana et al. (1988) studied the colour of some dehydrated green leafy 

vegetables and compared the products dried in solar cabinet dryer and tray dryer. 

The dehydrated product was evaluated by a panel of ten semi trained judges for 

colour attributes by using 9-point hedonic scale. Sensory evaluation revealed that 

there was a significant difference between the products dried by different 

dehydration methods when evaluated for their colour attributes. However, the 

mean scores corresponding to tray dried, solar cabinet dried and sun dried were 

6.8, 7.5 and 5.3 for fenugreek and 8.1, 8.0 and 7.3 for mustard leaves respectively. 



Kulkarni et al. (1988) evaluated diffe:ent new okra cultivars suited for 

dehydration. Qu~jity evaluation of dehydrated and that of rehydrated okra 

varieties in respect of colour, texture, flavour and general acceptability was done 

by a panel of judges. The varieties were then graded depending upon the total 

score obtained. 

Pawar et ai. (1988) after studying solar drying of white onion flakes 

reported that the sulphited samples from various solar dryers received the 

maximum scores for colour, texture and overall acceptability in sensory evaluation. 

The sensory evaluation of the dried onion flakes in terms of colour, flavour, 

texture and overall acceptability was performed by a panel of eight judges on a 

9-point Hedonic scale varying from "like extremely" (rating 9) to "dislike 

extremely" (rating 1). 

Goyal and Mathew (1990) studied the physico chemical characteristics of 

cauliflower dried under different drying conditions. For organoleptic evaluation 

the samples dried under the three conditions viz.,open sun drying, shade drying, 

and solar drying were served to a panel of five members to score the colour, 

texture, taste, flavour and appearance on Hedonic scale. Unblanched samples had 

significantly lesser scores as compared to th~ir blanched counterparts. Among the 

drying conditions solar dried Samples scored more as compared to open sun dried 

and shade dried counterparts. PremavaHi et al. (1991) assessed the overall 

acceptability of carrot halwas by a team of taste panellists using a 9-point Hedonic 

scale rming. Samples receiving acceptabilitj score l)f SL1: and above were 
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considered acceptable. 

Mulay et ai. (1994) studied the effect of pretreatment on quality of 

dehydrated cabbage. The dehydrated samples were evaluatedfor sensory qualities 

such as taste, flavour, colour,texture and overall acceptability by a panel of five 

trained judges using one to four scale indicating one as poor and four as excellent 

quality. The pretreatment significantly influenced the sensory quality attributes. 

The score for flavour and overall acceptability was higher for potassium 

metabisulphite treated samples. They reported that 0.5 per cent KMS treatment 

of cabbage proved to be suitable in preserving the sensory quality attributes of 

dehydrated cabbage. 



=================-========== 
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MATERIALS AND METHODS 

Investigations on some aspects of posthaIVest technology of three crops viz. 

'anachunda' (Solanum tOlvum Swartz.), blacknightshade (Solanum nignl.m Linn.) 

and lotus (Nelumho nucifera Gaertn.) were conducted in the department of 

Processing Technology, College of Horticulture, Vellanikkara, Thrissur, Kerala 

from September 1993 to February 1995. The place is situated at 10° 32'N latitude 

76°E longitude and at an altitude of 40 m above MSL. 

Solanum tOlVum is known as 'anachunda' in Malayalam and 'sundaikai' 

in Tamil. A spiny shrub, 3-4 m tall and found throughout the tropical parts of 

India and in Andaman (plate 2). Fruits of the plant are cooked and eaten as a 

vegetable. They are considered useful in case of liver and spleen enlargement. 

Analysis of dried fruits gave the following values: moisture 12.3, protein 8.3, fat 

1.7, minerals 5.1, crude fibre 17.6 and other carbohydrates 55.0 gl100 g. The 

mineral constituents (mg/g material) are Ca 390, P 180 and Fe 22.2 (ionisable Fe 

1.5) Vit.A 750 IU (CSIR,1972). Fruits also contain two alkaloids sterolin 

(sitosterol-d-glucoside) and Solasonine (Chopra et al. 1956). 

Solanum nignlm is commonly called 'manathakkali' both in Malayalam 

and Tamil. A herbaceous plant 30-40 cm height, found throughout India in dry 

parts upto an elevation of 2,100 m (plate 3). Berries are considered to possess 

tcnic,diuretic and Cathartic properties and useful in heart diseases. They are 

domestic remedy for fevers, diarrhoea ulcers and eye ailments. Fruits contain 

glucose and fructose (15-20 per cent) Vit.C and carotene. Seeds forming 9.5 per 



Plate 2. Branch of Solanum tVlvum 
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cent of the weight of the fresh fruits, contain 17.5 per cent protein on dry weight 

basis (CSIR,1972). Fruits also contain two alkaloids solanine and saponin 

(Chopra et al. 1956). 
~ . 

The lotus (Nelumbo nucifera) is grown for its elegant flowers. The stolons 

are collected and sold as vegetable (plate 4). The stolons show in cross section 

a few large cavities surrounded by several small ones. They are fleshy and when 

cut exude a mucilaginous juice. They are somewhat fibrous and soften after 

prolonged boiling. Analysis of fresh stolons gave the following values: Water 

83.80, crude protein 2.70, fat 0.11, reducing sugar 1.56. sucrose 0.42, starch 9.5, 

fibre 0.80, ash 1.10 and Ca 0.06 per cent. The vitamins reported to be present are 

as follows (in mg/g): Thiamine 0.22, riboflavin 0.06, niacin 2.2 and ascorbic acid 

15. They also contain aspargin two per cent (CSIR,1966). 

The study was divided into three experiments as given below: 

1. Standardisation of dehydration techniques for Solanum torvum, Solanum 

nigrum and Nelumbo nucifera. 

2. Packaging and storage studies of dehydrated samples of Solanum 

torvum, Solanum nigrum and Nelumbo nucifera. 

3. ~ensory evaluation of hot oil fried dehydrated samples of Solanum 

torvum, Solanum nigrum and Nelumbo nucifera. 

Fruits of S. to,:,um, S. nigrum and stolons ofNnucifera were collected fresh 

from the local farmers growing these species. For all these studies, fruits and 



Plate 3. A bearing plant of Solanum nigrnm 

Plate 4. Fresh stolons of N.nucifera 





stolons of uniform maturity were used. In N nucifera stolons were collected 

from plants producing white flower only. The lotus stolons were having a creamy 

white colour and a diameter of two centimetre. Process standardisation was done 

in the processing unit attached to the Department of Processing Technology. 

Chemical analysis were done in the analytical laboratory attached to the 

Department of Processing Technology and in the laboratory of the Biochemistry 

Division. 

3.1 Experiment -1 Standardisation of dehydration techniques for 
S.lonum. S.nigrum and N.nucifera. 

3.1.1 Variety 

Mature green fruits of local varieties of 5.toTVum and 5.nigrum and mature 

stolons of N. nucifera were used for the study since there were no released 

varieties available. 

3.1.2 Season 

Experiments on S.tolvum. S.nigntm and Nnucifera were conducted on 

September 1993 to February 1995. 

3.1.3 Layout 

The experiment was carried out under laboratary conditions. Statistical 

design was completely randomised design with eight treatments and three 

replications. The fresh fruits of S.toTVum and S.nigrum were first prepared by 

sorting out over mature, immature and malformed fruits. The fruits of s.torvum 

were punctured using a stainless steel knife. The stolons of Nnucifera were 

thoroughly washed and cut into thin slices of about 0.5 em thickness. Then the 
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fresh samples were gIVen the following pretreatments before subjecting to the 

dehydration process. AftelWards they were subjected .three dehydration 

kchniques viz., sun drying, dehydration in cabinet dryer and dehydration in 

microwave oven. 

3.1.4 Pretreatments 

3.1.4.1 TI - Hot water blanching in boiling water for three minutes. 

Fruits of S.torvum and stolon slices of N.nucifera were tied loosely in 

seperate(~ nylon nets and blanched in boiling water for three minutes in separate 

stainless steel vessels. Fruits of S.nigrnm were not subjected~is pretreatment 

because of bursting of fruit skin w hen put in boiling water for three minutes. For 

50 g of fresh sample of fruit/stolon slices two litres of water was taken for boiling. 

3.1.4.2 T2 - Hot water blanching in water at 85°C for three minutes. 

Fruits of S.tOlvum and S.nigrnm and stolon slices of N.nucifera were tied 

loosely in separate nylon nets and blanched in hot water at 85°C for three minutes 

in separate stainless steel vessels. 

3.1.4.3 T3 - Hot water blanching in four per cent brine at 85°C for three 

minutes. 

Fruits of S.torvum and S.nigmm and stolon slices of N.nucifera were 

blanched in a solution of four per cent brine at 85°c for three minutes as 

explained 3.1.4.2. Forty grams of sodium chloride was dissolved per litre of water 

for preparing the soiution. Powdered common salt available in the market under 



the trade name 'MSC' manufactured by Vinayaka salt company, Tuticorin was 

used for the purpose. 

3.1.4.4 T4 - Blanching in four per cent brine + one per cent citric acid at 
85°C for three minutes. 

Fruits of S.toTVum and S.nigmm and stolon slices of Nnucifera were 

blanched in a solution of four percent brine and one percent citric acid at 8SoC 

as explained in 3.1.4.2. Forty grams of sodium chloride and ten grams of citric 

acid were dissolved per litre of water for preparing the solution for blanching. 

3.1.4.5 T5 - Blanching in one percent citric acid at 85°C for three minutes. 

Fruits of S. tOTVum and S. nigmm and stolon slices of N.nucifera were 

blanched in one percent citric acid solution at 8SoC for three minutes. Ten grams 

of citric acid was dissolved per litre of water for preparing the solution . 

. 
3.1.4.6 T6 - Blanching in four percent brine + 0.5 percent KMS at 85°C 

for three minutes. 

Fruits of S.toTVum and S.nigntm '. \"; and stolon slices ofN.nucifera were 

blanched in four percent brine and 0.5 percent potassium metabisulphite (Kl\1S) 

at 8SoC for three minutes as explained in 3.1.4.2. Fourty grams of sodium 

chloride and five grams of KMS were dissolved per litre of water for r~'eparing 

the solution. 

3.1.4.7. T7 - Blanching in 0.5 percent KMS at 85°C for three minutes. 

Fruits of S. !OTVum and S. nigmm and stolon slices of Nnucifera were 

blanched in 0.5 percent KMS at 8SoC as explained in 3.1.4.2. For preparing the 



solution five grams of KMS was dissolved per litre of water. 

3.1.4.8. Ts - Control 

No blanching was done in this treatment. The samples of S. tOTvum, 

S.nigrum and N.nucifera were directly subjected to the three dehydration processes 

along with other pretreated samples. 

3.1.5 Sun drying 

All the blanched samples and control sample were sun dried by spreading 

them in aluminium trays to a moisture content of 7 ±1 per cent. Trays were kept 

in sun from 9A.M. to 4P.M. for three days for S.nigrum and N.nucifera and four 

days for S.tOTvum. The drying was conducted during the period from October 

1993 to December 1993. The metet"ologicaI data for the period a,& given in 

Appendix - 1. 

3.1.6 Dehydration in cabinet dryer 

A cabinet dryer of O.9xlxO.61 m (inner dimensions) with 2.SKW heating 

capacity for the dehydration purpose was used. All the blanched samples were 

dehydrated in the cabinet dryer at a temperature of 60±2°C to a final moisture 

content of 7 ±1 percent. For S.toTVum eighteen hours dehydration was requi.~d. 

For S.nigrum and Nnucifera time taken was four hoursand fifteen minutes and 

five houI1and thirty minutes respectively. 

3.1.7 Dehydration in microwave oven 

The microwave oven used for dehydration was T - 23 Touch Electronic 
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model manufactured by MIS Kelvinator. The size of oven was 394x279x213 

mm(inner dimensions) and 578x305x308 mm (outer dimensions) with 23 litre 

capacity. The power output was 700 watts with microwave frequency of 2450 

MHz. These electromagnetic waves (non ionising electromagnetic waves) 

penetrate the food from all directions simultaneously to a depth of 3/4 to 1.5 

inches, causing the molecules to vibrate 2,450 million times per second. 

Fruits of S.toTVum were dehydrated to a moisture content of 7 + 1 percent. 

The power level selected for dehydration was 90 per cent for a period of fifteen 

minutes for blanched samples. Unblanched samples required 90 seconds more. 

Fruits of 5.nigmm were dehydrated to a moisture content of 7 ± 1 percent. 

Dehydration was done at two power levels. They were first given a heating at 30 

per cent power for 20 minutes. Then they were again heated at 90 per cent 

power level for 13 minutes for blanched samples and 15 minutes for unblanched 

samples. The fruits of S.nigmm were not given a heating at 90 per cent power 

level initially because of severe bursting of fruits during dehydration. 

Stolon slices of N.n!LCifera of thickness 0.5 em and diameter 2 em were 

dehydrated in microwave oven at 90 per cent power level for a period of 12 

minutes for blanched samples. Control sample required 90 seconds more. 

3.1.8. Observations 

The following observations were taken from Experiment -1. 

a. Weight of sample before blanching. 

b. Weight of sample after blanching. 



c. Colour of sample before blanching. 

d. Colour of sample after blanching. 

e. Weight of sample after drying. 

f. Colour of sample after drying. 

3.1.9. Quality analysis 

Both fresh samples and dried samples were analysed for the following 

quality components: 

a. Moisture 

Moisture content was estimated gravimetrically by drying the sample in a 

hot air oven at 70°C for 30-32 hours for Solanum tOlVum and 10-12 hours for 

Solanum nigmm and N.nucifera. Drying was repeated till the sample attained 

constant weight. Moisture content was expressed in percentage (Rangana, 1977). 

b. Ascorbic acid 

Ascorbic acid content of S.tolVum and S.nigmm was estimated 

volumetrically by titration with 2,6-dichlorophenol-indophenol dye (A.O.A.C., 

1960). The value was expressed as milli gram of ascorbic acid per gram of dried 

fruit. 

c. Iron 

Iron content of the samples of S.tOlVUm, S.nigmm and N.nucifera was 

determined by converting the iron to ferric form using oxidising agent potassium 

per sulphate and treating thereafter with potassium thiocyanate. The red colour 

developed was measured at 480 nm in a spectrophotometer (Rangana,1977). The 

value was expressed as milli gram per gram of dried fruit. 



d. Dehydration ratio 

The fruits of S.t01vum and S.nigntm and prepared slices ofN.nuciJera were 

weighed before drying. After the completion of drying weight was again found , 
out. From these values dehydration ratio was calculated (Srivastava and Sulebele, 

1975). 

e. Rehydration ratio 

Rehydration ratio of dehydrated samples were determined by rehydrating 

the samples (lOg) for ten minutes in boiling water (10OmI). From the weight of 

dehydrated samples and corresponding weight of the rehydrated sample, 

rehydration ratio was calculated (Anon, 1944). 

f. Starch content 

Starch content of N.nuciJera was found out by hydrolysing starch into 

simple sugars and measuring the quantity of simple sugars colorimetrically. The 

sample was treated with 80per cent alcohol to remove sugar and then the starch 

was extracted with perchloric acid. The starch was then hydrolysed to glucose and 

dehydrated to hydroxy methyl furfural. This compound formed a green coloured 

product with anthrone and it was read at 630 nm. Starch content was expressed 

as percentage (Sadasivam and Manickam,1992). 

g. Total sugar, reducing sugar and non reducing sugar 

Total sugar, reducing sugar and non reducing sugar sampies of S.nigmm 

were estimated by determining the volume of the solution required to completely 

reduce a measured volume of Fehling's solution (Rangana, 1977). The value was 

expressed as percentage. 
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h. Carbohydrate content 

Carbohydrates of samples of S. torvum and S. nigrnm were first hydrolysed 

into simple sugars which was then dehydrated to hydroxy methyl furfural. This 

compound with anthrone formed green colour which was measured at 630 nm. 

The value was expressed as percentage. (Sadasivam and Manickam,1992). 

i. Crude fibre 

The samples were first treated with acid and subsequently with alkali. The 

residue obtained after final filteration was weighed, incinerated, cooled and 

weighed again. The crude fibre content was given by the loss in weight and 

expressed as percentage (Sadasivam and Manickam, 1992). 

j. Total alkaloid content 

The alkaloidsJsamples of S.torvum and S.nigrnm were estimated by 

extracting the alkaloids using chloroform and ammonia solution and subsequent 

filteration through silica gel and drying. The alkaloid content was expressed as 

percentage (Cromwell, 1955 ; Sahu, 1983). 

3.2. Experiment - 2. Packaging and storage studies of dehydrated 
samples of Solanum toTVUm. Solanum nig11l1ll and Nelumbo 
nucifera. 

Based on the results of the experiment I, following treatments were 

selected for storage studies in each crop. 

3.2.1. Treatments selected in S.lorvum 

3.2.1.1. Sundrying 

T3 - Hot water blanching in four per cent brine at 85°C for 



three minutes. 

Ts - Blanching in one per cent citric acid at 8SoC for 

three minutes. 

T7 - Blanching in O.5per cent KMS at 8SoC for three 

minutes. 

3.2.1.2. Dehydration in cabinet dryer 

T3 - Hot water blanching in four per cent brine at 8SoC 

for three minutes. 

T6 - Blanching in four per cent brine + O.S per cent 

KMS at 8SoC for three minutes. 

T7 - Blanching in O.S per cent KMS at 8SoC for three 

minutes. 

3.2.1.3. Dehydration in microwave oven 

T3 - Hot water blanching in four per cent brine at 8SoC 

for three minutes. 

T 6 - Blanching in four per cent brine + 0.5 per cent 

KMS at 8SOC for three minutes. 

T7 - Blanching in O.S per cent KMS at 8SoC for three 

minutes. 

3.2.2. Treatments selected in S.nigrum 

3.2.2.1. Sundrying 

Tz - Blanching in four per cent brine at 85°C for three minutes 



T4 - Blanching in one per cent citric acid at 8SoC for 

three minutes. 

Ts - Blanching in four per cent brine + O.S per cent 

KMS at 8SoC for three minutes. 

3.2.2.2. Dehydration in cabinet dryer 

T 2 - Blanching in four per cent brine at 8SoC for three 

minutes. 

T4 - Blanching in one per cent citric acid at 8SOC for 

three minutes. 

Ts - Blanching in four per cent + O.S per cent KMS at 

8SOC for three minutes. 

3.2.2.3. Dehydration in microwave oven 

T3 - Blanching in four per cent brine + one per cent 

citric acid at 8SOC for three minutes. 

T4 - Blanching in one per cent citric acid at 8SoC for 

three minutes. 

Ts - Blanching in four per cent brine + 0.5 per cent 

KMS at 8SOC for three minutes. 

3.2.3. Treatments selected in N.nucifera 

3.2.3 .1. Sondrying 

T4 - Blanching in four per cent brine + one per cent 

citric acid at 8SOC for three minutes. 

,3, 



T6 - Blanching in four per cent brine + 0.5 per cent 

KMS at 85°C for three minutes. 

T7 - Blanching in 0.5 per cent K.J.\fS at 85°C for three 

minutes. 

3.2.3.2. Dehydration in cabinet dryer 

T4 - Blanching in four per cent brine + one per cent 

citric acid at 85°C for three minutes. 

Ts - Blanching in one per cent citric acid at 85°C for 

three minutes. 

T6 - Blanching in four per cent brine + 0.5 per cent 

KMS at 85°C for three minutes. 

3.2.3.3. Dehydration in microwave oven 

Ts - Blanching in one per cent citric acid at 85°C for 

three minutes. 

T 6 - Blanching in four per cent brine + 0.5 per cent 

KMS at 85°C for three minutes. 

T7 - Blanching in 0.5 per cent KMS at 85°C for three 

minutes. 

3.2.4. Layout 

The experiment was carried out under laboratory condition. Weekly mean 

temperature and relative humidity during the storage trial is given in the 

Appendix II. Statistical design for the experiment was completely randomised 
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design with ten treatments with three replications. 

3.2.5. P3ckaging treatments 

PI - Packaging in polypropylene bags of 80 gauge thidmess. 

Pz - Packaging in low density polyethylene (LDPE) bags 

of 100 gauge thickness. 

P3 - Packaging in LDPE bags of 150 gauge thickness. 

P4 - packaging in LDPE bags of 200 gauge thickness. 

3.2.6. Observations 

Weight gainJIoss, colour, texture and consumer acceptability were recorded 

at two month intervals for a period upto six months. Colour, texture and 

consumer acceptability were evaluated by scoring based on the five point Hedonic 

scale given below. Scoring was got done by a panel of ten semi trained judges. 

1. Score chart for colour of S. torvum and S.nigrum 

Description Score 

A Light green 1 

B Brownish green 2 

C Yellowish brown 3 

D Brown 4 

E Burnt appearance - 5 
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2 a. Score chart for colour of N.nuci/era 

Description Score 

A Cream 1 

B Whitish yellow 2 

r Yellow 3 ..... 

D Yellowish brown 4 

E Light brown 5 

b. Score chart for texture 

Description Score 

A Very crisp 1 

B Moderately crisp 2 

C Neither crisp nor 

hard 3 

D Hard 4 

E Very hard 5 

c. Score chart for consumer acceptability. 

Description Score 

A Acce?table fully 1 

B Acceptable somewhat - 2 

C Neither acceptable 

nor unacceptable 



D Unacceptable 

somewhat 4 

E Not acceptable 5 

3.3. Experiment 3. Sensory evaluation of hot oil fried dehydrated 
samples of S. torvum p S. nignun and N.mu:ifera. 

All the samples were fried in coconut oil medium for a period of 45-60 

seconds. For each flying fresh coconut oil was used. Temperature for flying was 

llO-1200C for S.Antum, 140-150oC for S.nigrum 12S-135°C for N.nucifera. Fifty 

milli litre of oil was used for samples of 25 g each. Residue of oil was measured 

each time. The fried samples were selVed to a semitrained tasting panel 

consisting of ten persons and they were asked to score the product on a nine 

point 'Hedonic Scale' as given below for characters viz .• taste, colour and overall 

acceptability. 

3.3.1. Hedonic Scale. 

Numerical designation Word description 

1 Like extremely 

2 Like very much 

3 Like moderately 

4 Like slightly 

5 Neither like nor dislike 

6 Dislike slightly 

7 Dislike moderately 



8 

9 

3.4. Statistical analysis. 

Dislike very much 

Dislike extremely 
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The data on the effect of pretreatments and dehydration methods on the 

different quality parameters were subjected to statistical analysis suggested by 

Panse and Sukhatme (1954). The mean values for each parameter were 

calculated and analysed by analysis of variance technique. Critical difference was 

found out for comparing the treatments, dehydration methods and interaction 

between treatments and dehydration methods. The data obtained after sensory 

evaluation for colour, texture, consumer acceptability and taste were analysed by 

Kruskell Wallies' one way analysis of variance (Fischer, 1973). 





RESULTS iL'\ID DISCUSS10N 

The data collected from the three experiments were statistically analysed 

and the results obtained are presented and discussed in this chapter. 

4.1. Standardisation of dehydration techniques for S. torvum_ 
S. nigrum and N. nucifera. 

4.1.1. S. torvum 

4.1.1.1. Effect of blanching on colour and weight of fresh fruits. 

The data on the effect of pretreatments on the colour and weight are 

presented in Table 1. There was no significant variation between pretreatments 

on the colour of fruits immediately after blanching. The mean values of weight 

of fruits after blanching which varied between 48.83 g to 50.07 g, was not 

statistically significant. The sample weight was 50 g. In all treatments except 

fruits blanched in boiling water (T1) a reduction in weight was noticed. The slight 

increase in weight in the boiling water blanching treatment may be due to the 

reason that some quantity of water would have gained entry into the fruit due to 

the boiling action of water, whereas in the other hot water blanching treatments, 

the treatment would only have triggered the evaporation of some quantity of 

water from the fruits. Part of the soluble solids also would have been lost during 

the blanching resulting in a weight loss. 

The fact that the colour scores did not differ significantly after blanching 

indicated that the chlorophyll degradation or browning due to blanching was not 

evident. On the contrary, blanching would have inactivated some of the enzymes 
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Table 1. Effect of pretreatments on colour and weight of fruits of S. torvum 

Treatments Colour Weight (g) 
(score) --------------------------------.... -------------------

Before After Variation 
treatment treatment + or --

Tl (Boiling water) 1.2 50.00 50.07 +0.07 

T2 (Hot water at 85°C) 2.4 50.00 49.33 -0.67 

T3 (4% brine at 85°C) 2.6 50.00 49.37 -0.63 

T4 (4% brine + 1% citric 2.6 50.00 49.37 -0.63 
acid at 85°C) 

Ts (1% citric acid at 2.8 50.00 48.83 -1.17 
85°C) 

T6 (4% brine + 0.5% KMS 2.2 50.00 49.00 -1.00 
at 85°C) 

T7 (0.5% KMS at 85°C) 2.2 50.00 49.20 -0.80 

Ts (control) 1.0 50.00 50.00 0.00 
--------------------------------............ -----------------------------------------------------------------

CD NS NS 
---------------------------------_ ........ _----------------------------------------------------------------
Score chart of colour - Light green - 1 

Brownish green - 2 
Yellowish brown - 3 
Brown - 4 
Burnt appearance - 5 



involved in the breakdown of chlorophyU and aiso in the browning reactions. 

Retention of original colour of the raw material is one of the important 

considerations in vegetable dehydration. To that extent the blanching treatments 

in the experiment were effective. 

4.1.1.2. Effect of pretreatments and methods of dehydration on colour and 
weight of fruits. 

The results showed that pretreatments had no significant effect on the 

colour of dehydrated fruits (Table 2). But dehydration methods were found to 

have significant effect on colour retention. In microwave dehydration colour .. 

retention was maximum as indicated by a low score (1.5). In the other samples 

which were dried in sun and in cabinet drier colour retention was much poor. 

(plates 6, 7 and 8). 

The microwave oven dehydration was much shorter in duration when 

compared to other two methods. The loss in colour is due to chlorophyll 

degradation and the enzymatic and non enzymatic browning reaction which are 

directly correlated with temperature (Salunkhe et ai., 1976). Exposure to moving 

air accelerates enzymatic browning which is occuring in sun drying and in cabinet 

dryers, whereas in microwave oven, dehydration takes place inside a closed 

chamber. Also the pattern of heat transfer in microwave oven dehydration is 

much efficient than sundrying and dehydration in cabinet dryer. The colour 

breakdown in the microwave oven was lesser. Gopalakrishnan and Thomas 
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Table 2. Effect of pretreatments and methods of dehydration on colour and 
weight of fruits of S. (OlVum 

-----------------------------------------------------------------------------------------------------
Methods of dehydration 

Treat- ------------------------------------------------------------------------------------------
ments Sun Cabinet Micro- Mean Sun Cabinet Micro- Mean 

dryer wave dryer wave 
oven oven 

------------------------------------------ --------------------------------------------
Colour (score) Weight (g) 

-----------------------------------------------------------------------------------------------------
Tl 3.B 1.2 

T2 3.6 4.4 

T3 3.2 4.B 

T4 3.B 4.4 

T5 3.6 4.B 

T6 3.B 4.4 

T7 3.6 4.4 

T8 3.6 4.B 

Mean 3.6 4.2 

H* for 

Treatments 
Dehydration methods 

1.2 

1.4 

1.4 

1.6 

1.6 

1.2 

1.6 

2.0 

1.5 

H* - Kruskell Wallies Statistic 

2.07 13.25 13.20 13.30 13.25 

3.13 13.37 13.37 12.93 13.22 

3.13 13.13 13.60 12.97 13.23 

3.27 13.20 13.13 13.57 13.30 

3.33 12.93 13.40 13.20 13.1B 

3.13 13.67 13.40 12.BO 13.29 

3.20 13.20 13.10 13.13 13.14 

3.47 13.03 12.97 12.73 12.91 

13.22 13.27 13.03 

CD for 

NS Treatments (T) 0.25* 
74.12 Dehydration methods (D) 0.16* 

T x D 0.44* 

* Significant at 1 % level 

Score chart for colour: Light green-I, Brownish green-2, Yellowish green-3, 
Brown-4, Burnt appearance-5 



(1992) obselVed the best colour retention in pepper when subjected to microwave 

heating. 

The significant loss of colour in sundried samples and also in cabinet 

dehydration treatments was obviously due to degradation of chlorophyll and also 

due to the extensive browning reaction. It is evident from the table that 

pretreatments did not deteriorate the colour of the samples. This colour loss 

occurred due to the drying process. In all the cases, the pre-treated samples 

showed better colour retention than the untreated control sample. This indicated 

that some of the pretreatments are capable of reducing colour degradation during 

dehydration. Under microwave oven dehydration, the treatments which retained 

good colour were Tl (Boiling water), T6(four per cent brine + 0.5 per cent KMS 

at 85°C), Tz (Hot water at 85°C) and T3 (four per cent brine at 85°C). Under the 

cabinet dehydrated samples better colour retention was obselVed in Tl (Boiling 

water). 

The better colour retention in boiling water blanched samples may be due 

to the fact that enzyme inactivation was more during boiling water blanching and 

therefore, enzymatic browning was prevented resulting in better colour retention 

(plates 5 and 7). 

The data on weight after dehydration are presented in Table 2. All the 

pretreatments showed a significant effect on the weight of dried fruits after 

dehydration over controL Maximum weight was obtained in T.~ (four per cent 



Plate 5. Pretreatments for dehydrating S.lolVum 

Plate 6. Sundried products of S.torvum 





brine + one per cent citric acid at 85°C) which was on par with other 

pretreatments. Lowest weight recovery was obtained in unblanched fruits. This 

indicated that pretreatments were beneficial for better recovery percentage. 

Dehydration in cabinet dryer, which was statistically on par with sun drying 

was found significantly superior with respect to weight over microwave oven 

dehydration (Table 2). Further studies are needed to ascertain whether the 

drying time in microwave dehydration can be further reduced so that recovery will 

be still better and thus cost reduction can be achieved. 

The interaction between pretreatments and dehydration methods was 

found to be significant. Fruits treated with four per cent brine + 0.5 per cent 

KMS (T6) and hot water at 85°C (T2) and dried in sun, fruits treated with hot 

water at 8SoC (T2), four per cent brine at 85°C (T3) and four per cent brine + 0.5 

per cent KMS (T6) and dehydrated in cabinet dryer, fruits treated with boiling 

water (Tz) and four per cent brine + one per cent citric acid at 85°C (T4) and 

dehydrated in microwave oven were found as superior combinations. Fruits 

dehydrated in microwave oven without giving any pretreatment recorded 

maximum weight loss. These results indicate that the pretreatments have st'':' fic 

effect under different drying environments. This also emphasized the n i for 

process standardisation in every type of dehydration method. 

4.1.1.3. Qualitative characters 

Results of data on quality parameters viz., moisture, caruoh'Jdvo.li.s ,(YLuk 



fibre, ascorbic acid, total alkaloids and iron content are presented in Tables 3 

and 4. 

The pretreatments and dehydration had no significant effect on the 

moisture content of dehydrated products. The experiment was so calibrated as 

to have a more or less uniform moisture cAntent :n the products by adopting 

variable drying time and temperature. Hence ;:his result is justified. 

A perusal of data on carbohydrate content of fruits showed that there was 

significant difference between pretreatments (Fig. 1). Fruits blanched with 

boiling water (T1) retained maximum carbohydrate which was statistically on par 

with one per cent citric acid at SSOC (Ts)' All pretreatments were significantly 

superior over control. 

Fruits dehydrated .cl microwave oven had shown highest retention of 

carbohydrate, which was superior to cabinet dryer and sun dried products. It was 

also observed that products dehydrated in cabinet dryer was superior to sundried 

products. 

As far as dehydration methods were concerned mIcrowave oven 

dehydration was the best treatment compared to rest two (Fig. 2). Cabinet drying 

was significantly spperior to sundrying also. In sun drying since sample was kept 

in an open environment, a part of carbohydrate would have been converted to 

liquid and gaseous products by the microorganisms during the initial stages of 

drying resulting in weigh loss. Such a condition was not existing in cabinet dryer 
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Table 3. Effect of pretreatments and methods of dehydration on moisture, carbohydrate 
and crude fibre content of fruits of S. {oll:um (dry weight basis) 

------------------------------- .. _----------------------------------------------------------------------------------------------
Treat- Method of dehydration 
ments -------------- .............. ---------------------- ... -- ... - ...... - .. _---------- .. - .......... _---------------------------------------- ....... -------

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 
net wave net wave net wave 
dryer oven dryer oven dryer oven 

............. -- ----- --_ ...... -_ .. --- ---_ ... ------ ...... -------- -- ------------- .. ---_ ............. _- ...................................... ---- ............... - .... --

Moisture (%) Carbohydrate (%) Crude fibre (r;'r) 
--------------------------------------------------------- ... ---_ ..... ------------- .... -------------------------------------------------

T\ 7.40 7.40 7.20 7.33 10.40 14.50 25.10 16.67 45.75 46.80 54.22 48.93 

T2 7.37 7.53 7.23 7.38 9.60 9.00 24.40 14.33 47.48 51.49 46.69 48.55 

T, 7.40 7.50 7.27 7.39 9.40 7.60 18.40 11.80 44.02 43.06 52.23 46.44 

T4 7.47 7.53 7.20 7.40 7.20 15.40 19.80 14.13 45.72 44.71 45.54 45.32 

T, 7.43 7.53 7.20 7.39 14.00 11.40 23.10 16.17 47.67 52.80 48.15 49.54 

T6 7.57 7.40 7.27 7.41 8.60 9.80 17.10 11.83 46.65 54.84 48.39 49.96 

T7 7.40 7.40 7.17 7.32 8.20 8.60 22.60 13.13 46.85 44.11 56.07 49.01 

Ts 7.47 7.43 7.20 7.37 11.87 8.60 10.40 10.29 45.61 40.72 46.15 44.16 
--------------------------------------------------------------------------------------------------------------------------------
Mean 7.44 7.47 7.22 

CD for 
Treatments (T) NS 
Dehydration methods (D) NS 
Tx 0 NS 

*Significant at 1 % level 

9.91 10.61 20.11 

0.54* 
0.35* 
0.98* 

46.22 47.32 49.68 

2.32* 
lA2* 
4.02* 
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or nncrowave oven. It is believed that microwave ovens inactivate microbes by 

conventional thermal mechanism namely thermal denaturation of microbial 

proteins. At a molecular level, microwaves could interfere with the mechanism 

of bonding of dipicolinic acid to calcium and or cause reorientation in the 

thermostable protein content in the DNA of microbes (Khalil and Villota, 1986). 

This phenomenon, coupled with short process time would have arrested any 

possible microbial degradation of carbohydrates and other materials in the 

samples kept in microwave oven. 

The interaction between pretreatments and dehydration methods was also 

significant. Fruits treated with Tl (boiling water) T2 (hot water at 8S0C) 

treatments followed by microwave oven dehydration were the superior 

combinations. It was closely followed by treatments Ts (one per cent citric acid 

at 8SOC) and T7 (0.5 per cent KMS at 85°C)under microwave oven dehydration 

itself. The lowest value for carbohydrate content was obtained in fruits treated 

with four per cent brine + one per cent citric acid at 8SoC (T4) and sundried. 

The interaction effect also supports the observation that microwave oven 

dehydration was superior in the retention of carbohydrate and indicated that some 

of the pretreatments had a better capability in the retentjon of carbohydrates. 

But this was evident only under the microwave oven dehydrated samples. 

Perusal of data on crude fibre content of fruits showed that all 

pretreatments were significantly superior over control in retaining the crude fibre 



Fig. 1. Effect of pretreatments on moisture, carbohydrate, crude fibre 
and total alkaloid contents of S. tOlVWll 
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Fig. 2. Effect of dehydration methods on moisture, carbohydrate, crude fibre 
and total alkaloid contents of S. torvum 
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content (Fig. 1). Maximum crude fibre was in fruits treated with four per cent 

brine + 0.5 per cent KMS at 85°C (T6). This pretreatment was statistically on par 

with Tl (boiling water), T2 (hot water at 85°C), Ts (one per cent citric acid at 

85°C) and T7 (0.5 per cent KMS at 85°C). Crude fibre content of fruits 

dehydrated without subjecting to any pretreatments was minimum. 

The polysaccharidic substances cellulose, hemicellulose along with pectin 

and lignin contribute to the fibre content of vegetables. Pectin substances 

constitute on a dry weight basis about 30 per cent the material of primary cell 

walls of vegetables (Luh and Woodroof, 1988). Pectin degradation, which occurs 

by demethylation and depolymerization (Van Buren, 1979) can be enzymatic or 

chemically catalysed by acid. In un blanched fruits enzymatic activities.relatively 

high and pectin degradation would have taken place. This may be the reason for 

low crude fibre content of unblanched fruits. 

As far as dehydration methods were concerned, crude fibre content of 

samples under microwave oven dehydration was significantly superior to both sun 

drying and dehydration in cabinet dryer which were statistically on par with each 

other (Fig. 2). The degradation and depolymerisation of cellulose may be possibly 

associated with the length of process time also. The extended process time during 

cabinet and sun drying process would have resulted in lower crude fibre content. 

This chance is very much restricted under microwave oven treatment. 

The superior treatment combinations were T7 (0.5 per cent K..\1S at 85°C), 
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Plate 7. Products of S.tOlvum dehydrated in cabinet dryer 

Plate 8. Microwave dehydrated products S.toTVum 





Tl (boiling water) and T3 (four per cent brine at 85°C) under microwave oven 

dehydration and Ts (one per cent citric acid at 85°C) and T6 (four per cent brine 

+ 0.5 per cent KMS at 85°C) followed by dehydration in cabinet dryer. The 

lowest value for crude fibre was obtained when fruits were dehydrated in cabinet 

dryer without subjecting to any pretreatment. KMS and brine are antimicrobial 

antienzymatic agents. Thus,these treatments would have checked the break down 

of carbohydrates. The increased acidity due to addition of citric acid also would 

have posed certain restrictions on microbial and enzymatic activity on the samples. 

The fact that untreated samples registered the lowest value suggests that 

pretreatments had positive effect in the retention of crude fibre. 

The data on ascorbic acid content are presented in Table 4. Fruits treated 

with 0.5 per cent KMS at 85°C wtttfound to retain maximum ascorbic acid which 

was significantly superior to all other treatments (Fig. 3). It was closely followed 

by T6 (four per cent brine + 0.5 per cent KMS at 85°C) which was superior to all 

other treatments. Ascorbic acid may be destroyed during non-enzymatic 

browning, but sulphiting before drying retards browning by ascorbic acid 

(Ranganath and Dubash, 1981). Pawar et al.(1988) studied solar drying of white 

onion flakes and reported that retention of ascorbic acid was more in samples 

treated with 0.25 per cent Ki\fS for five minutes than in the control. !vil21ayet ai. 

(1994) reported that IOvIS treated samples retained higher amount of ascorbic 

acid in dehydrated cabbage. They attributed this to the inhibition of oxidative 

changes of ascorbic acid by SOz. 
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Table 4. Effect of pretreatments and methods of dehydration on ascorbic acid, iron and alkaloid 
content of fruits of S. tonwn (dry weight basis) 

_ ........ _____ ......... ''' ___ ............. _ ...... _________ ................. ____ ...... _ ..... __ ------_ ... - .... -- ... -- .. ---_ ............. -- ... --- .... _-_ ....... _--- .... ------- .. oo ................. - .. - ..... --

Treat- Methods of dehydration 
ments --_ ........... - ... ---------_ .... -............. ----_ ..... _-_ .. - ... - .. --- ..... --_ ............ _-- ....... - ..... -------_ ... __ .................. - ..... ---- ... - .. -----_ ..... _---_ .. _ .. _-- .. 

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 
net wave net wave net wave 
dryer oven dryer oven dryer oven 

.... -_ ........ _ .... -_ ... _ ............ -_ ............................... ...................... -_ ............................ --_ .......... _- ----- --------_ ....... -----_ ... ---- ---_ ... ---
Ascorbic acid (mg/lOO g) Iron (mg/100 g) Total alkaloid (%) 

-_ .................................................. _ .. ---- ....................................................... -_ ............ ----- .......... ---_ ......... --_ ....................................... -- ....................................... -

Tt 22.96 26.2 32.75 26.64 1.25 3.05 5.35 3.22 0.39 0.48 0.50 0.46 

Tz 32.75 36.68 39.30 36.24 1.78 2.90 3.40 2.69 0.34 0.31 0.58 0.41 

T3 32.75 42.75 39.30 38.60 2.80 4.00 5.80 4.20 0.21 0.41 0.61 0.41 

T4 20.96 39.3 26.2 28.82 1.58 3.15 3.50 2.74 0.23 0.54 0.71 0.49 

Ts 42.75 23.58 39.3 35.21 2.00 2.60 5.45 3.35 0.54 0.55 0.58 0.56 

To 52.40 56.77 52.40 53.86 1.37 4.65 5.20 3.74 0.41 0.60 0.37 0.46 

T7 52.40 56.77 56.76 55.31 1.95 4.26 4.48 3.56 0.46 0.25 0.68 0.46 

Ta 39.30 39.30 42.75 40.45 1.65 2.90 5.10 3.21 0.18 0.16 0.28 0.21 
_ .. -- .. -----------_ ..... ---------------- .. ------_ .... _ ... -----------------------_ .. --------------- ...... ------------_ ....... -----------_ ....... _--- ...... 

Mean 38.70 39.20 40.28 

CD for 
Treatments (T) 
Dehydration method (D) 
TxD 
* Significant at 1 % level 

1.39* 
0.86* 
2.42* 

1.80 3.44 4.78 

0.58* 
0.35* 
0.99* 

0.35 0.41 0.54 

0.08* 
0.05* 
0.14 ... 



The ascorbic acid content was minimum in boiling water blanched fruits. 

This may probably be due to the reason that, the ascorbic acid being readily water 

soluble and heat sensitive this loss would have taken place (Salunkhe et ai., 1976). 

In microwave oven dehydrated fruits ascorbic acid retention was maximum 

(Fig. 4). The loss of ascorbic acid was very high in sun dried fruits. The shorter 

duration of drying in microwave oven could be the possible reason for the higher 

retention of ascorbic acid as compared to the other two drying methods. Rapid 

drying retains greater amounts of ascorbic acid than does slow drying (Salunkhe 

et al., 1976). Campbell et al. (1958) noted that the ascorbic acid contents of 

cabbage and broccoli cooked with microwave oven were significantly higher than 

those cooked with conventional heating. Dietrich et ai. (1970) compared 

microwave, steam and water blanching and reported that microwave blanching 

resulted in better ascorbic acid retention in brussel sprouts. Quenzer (1980) 

reported that cell structure remained intact during microwave blanching and so 

it was the best method for ascorbic acid retention in spinach. 

The interaction of pretreatments and dehydration methods was also found 

significant. Fruits treated with 0.5 per cent KMS at 85°C and dehydrated in 

microwave oven and fruits treated with four per cent brine + 0.5 per cent K..\1S 

at sSOC and dehydrated in cabinet dryer were the best treatment combinations. 

There was a significant reduction of ascorbic acid in fruits blanched in boiling 

water and dried in sun. The beneficial effect of KMS treatment was more 

pronounced under microwave oven dehydration. The beneficial effect of KMS 



and brine in retention of ascorbic acid is already explained. This indicates that 

there is scope for exploitation of these pretreatments in different drying 

procedures for getting products of better nutritional value. 

Data on the iron content of fruits are presented in Table 4. Maximum 

iron content was in fruits treated with four per cent brine at 85°C (T3) and four 

per cent brine + 0.5 per cent KMS at 85°C (T6) which was significantly superior 

to all other treatments including control. Lowest iron content was found in fruits 

treated with hot water at 85°C. Veenakumari (1992) obselVed a higher retention 

of iron in five per cent brine pretreated bittergourd slices. 

In the case of dehydration methods,iron retention was maximum in fruits 

dehydrated in microwave oven which was significantly superior to dehydration in 

cabinet dryer and sundrying. Dehydration in cabinet dryer was also found 

superior to sundrying (Fig. 4). 

There was a significant effect for interaction between pretreatments and 

dehydration methods. The best combinations were Tl (boiling water), T3 (four 

per cent brine at 85°C), T5 (one per cent citric acid at 85°C) and T6 (four per cent 

brine + 0.5 per cent KMS at 8SOC ) followed by dehydration in microwave oven 

for retaining the iron content of fruits. The minimum iron content was found in 

fruits blanched in boiling water and dehydrated in cabinet dryer. 

Total alkaloids were significantly influenced by pretreatments as presented 

in Table 4. All pretreatments were significantly superior to control in alkaloid 
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Fig. 3. Effect of pretreatments on ascorbic acid and iron contents of 
s. t01vum 
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retention. Fruits treated with one per cent citric acid alone or in combination 

with four per cent brine was found statistically superior to all other treatments. 

They were closely followed by T7 (0.5 per cent KMS at 85°C), T6 (four per cent 

brine + 0.5 per cent KMS at 85°C) and Tl (boiling water). 

The major alkaloids present in S. ton'um are steroline and solasonine 

(Chopra et aI., 1956). The increased acidiIy t:ue to citric acid treatment would 

have resulted in the checking of chemical ;rocesses resulting in the loss of 

alkaloids. A similar effect would have been achieved by the KMS and brine 

treatments also. Further studies are required to ascertain the exact mechanism 

of action of pretreatments on the alkaloid content in the samples. 

The data also showed that microwave oven dehydration was highly superior 

with respect to alkaloid retention compared to dehydration in cabinet dryer and 

sundrying. Dehydration in cabinet dryer was also found superior to sundrying. 

1t may probably be due to the difference in the duration of time for these drying 

procedures. 

The significant treatment combinations as evident from the table were T4 

(four per cent brine + one per cent citric acid at 85°C), T5 (one per cent citric 

acid at 85°C), T7 (0.5 per cent ~"fS at 85°C), T6 (four per cent brine + 0.5 per 

cent ~\1S at 85°C) and T3 (four per cent brine at 85°C) under microwave oven 

dehydration. Though these treatment combinations were statistically on par, T4 

(four per cent brine + one per cent citric add at 85°C) resulted in the maximum 
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alkaloid content after subjecting to microwave oven dehydration. Lowest alkaloid 

content was noticed in control under the three dehydration methods tried. To 

explain the exact reason for this specific effect of alkaloid retention with the brine 

and citric acid treatment, detailed studies are required. 

4.1.1.4. Dehydration ratio 

The data on dehydration ratio are presen~ed in Table 5. Better dehydration 

ratio (3.75:1) was recorded in fruits treated with four per cent brine + 0.5 per 

cent KMS at 85°C which was statistically on par with all other treatments except 

T4 (four per cent brine + one per cent citric acid). Poor dehydration ratio 

(3.85:1) was found i..1 T4• Increased concentration of KiViS solution would have 

helped an increased dehydration ratio as it increases energy absorption by the 

product (Van Arsdel et aL, 1973). Luhadiya and Kulkarni (1978) studied 

dehydration of green chillies and found that highest dehydration ratio was in 

samples treated with S02' Mulay et ai. (1994) studied the effect of pretreatment 

on quality of dehydrated cabbage and reported that dehydration ratio was higher 

in samples treated with 0.5 per cent KMS solution. The data suggests that 

pretreatments could have an influence on the dehydration ratio. As the 

pretreatments can affect the microbial and enzymatic processes taking place in the 

samples during drying, such variarions are possible. In the present study, the 

actual figures did not show much variation with respect to dehydration ratio. 

Studies with larger samples may be required to ascertain this phenomenon 

coaec::ly. 



Table 5. Effect of pretreatments and methods of dehydration on 
dehydration ratio and rehydration ratio of fruits of S. torvum 

_ Methods of dehydration 

Treat ------------------------------------------------------------------------------------------
ments Sun Cabinet Micro- Mean Sun Cabinet Micro- Mean 

dryer wave dryer . wave 
oven oven 

Dehydration ratio Rehydration ratio 

Tl 3.78:1 3.78:1 3.76:1 3.78:1 1:2.50 1:2.50 1:2.91 1:2.64 

T2 3.75:1 3.75:1 3.82:1 3.78:1 1:2.31 1:2.38 1:2.92 1:2.54 

T3 3.81:1 3.66:1 3.86:1 3.78:1 1:2.57 1:2.50 1:2.84 1:2.64 

T4 3.79:1 3.81:1 3.94:1 3.85:1 1:2.40 1:2.61 1:2.61 1:2.54 

T5 3.71:1 3.86:1 3.78:1 3.78:1 1:2.65 1:2.46 1:2.57 1:2.56 

T6 3.82:1 3.72:1 3.70:1 3.75:1 1:2.43 1:2.78 1:2.73 1:2.65 

T7 • 3.75:1 3.81:1 3.81:1 3.79:1 1:2.65 1:2.87 1:2.92 ] ::.81 

T8 3.89:1 3.73:1 3.67:1 3.76:1 1:2.33 1:2.17 1:2.42 1:2.30 
----------------------------------------------------------------------------------------------------
Mean 3.78:1 3.77:1 3.79:1 1:2.48 1:2.53 1:2.74 
----------------------------------------------------------------------------------------------------
CD for 
Treatments (T) 0.08* 0.05* 
Dehydration methods (D) NS 0.03* 
TxD 0.10* 0.09* 

*Significant at 1 % level 



As far as dehydration methods were concerned there was no significant 

difference. Since the drying procedures were so standardised to arrive at a more 

or less similar moisture content, such a result was anticipated. 

Interaction between pretreatments and dehydration methods was found 

significant. Tz (hot water at 8stJC), T3 (four per cent brine at 85°C), T6 (four per 

cent brine + 0.5 per cent KMS at 85°C) followed by dehydration in cabinet dryer, 

and Tz (hot water at 85°C), T5 (one per cent citric acid at 8SOq and T7 (0.5 per 

cent KMS at 85°C) after sundrying and T6 (four per cent brine + 0.5 per cent 

KMS at 85°C) under microwave oven dehydration were the superior treatment 

combinations which resulted in better dehydration ratio. Fruits dried in sun 

without subjecting to any pretreatment resulted in poorer dehydration ratio. The 

significant effect of some of the interaction suggest that there exist scope for 

recommending such pretreatments during drying of S. torvum. The cumulative 

effect of better retention of carbohydrates, crude fibre etc. by the pretreatments, 

which is already explained earlier would have resulted in this net effect of 

dehydration ratio. 

4.1.1.5. Rehydration ratio 

The data on rehydration ratio showed that T 7 (0.5 per cent KJ.\1S at 85°C) 

was significantly superior to all other treatments. It was followed by T6 (four per 

cent brine + 0.5 per cent KMS at 85°C), T3 (four per cent brine at 85°C) and Tl 

(boiling water). All pretreatments were superior over control (T8) which showed 



the lowest rehydration ratio. 

All the pretreated samples had higher rehydration ratio than the 

unblanched sample. This may be attributed to increased water absorption due to 

increased porousness of cell wall in dried samples which received a blanching 

treatment (Srivastava and Sulebele, 1975). Pruthi et al. (1978) studied the 

dehydration of tropical paddy straw mushroom (VolvaiElla volvaceae) and found 

that samples treated with KMS had higher rehydration ratio. Better rehydration 

ratio indicates better retention of the cellular configuration even after drying. 

Thus rehydration ratio can be considered as an indicator of the cellular integrity 

of the dehydrated sample. 

Highest rehydration ratio was recorded in samples dehydrated in 

mIcrowave oven which was superior to dehydration in cabinet dryer and 

sun drying. Dehydration in cabinet dryer was also found superior to sundrying. 

In microwave treatment, the uniform penetrability of the microwaves offers least 

resistance, as compared to the other dehydration treatments on the cell walls of 

the samples. This may be reason for the smooth appearance of the samples 

dehydrated in microwave oven. Wherever the shape retention is better, 

rehydration will also be more efficient. This is the reason for the better 

performance of samples dehydrated in microwave oven. In sundrying, the shape 

disruption is maximum due to uneven moisture loss from individual cells 

ultimately resulting in poor rehydration. 



Mudahar and Bains (1982) studied the pretreatment effect on quality of 

dehydrated mushroom (Agaricus bisporos) and found that rehydration values of 

sun dried samples were below those of hot air dried samples. The present study 

also suppor1lthis view. 

The interaction between pretreatments and dehydration method was also 

significant. Tl (boiling water),Tz (hot water at 8SOC),T3 (four per cent brine at 

85°C) and T7 (0.5 per cent KMS at 85°C) followed by dehydration in microwave 

oven and T7 (0.5 per cent KMS at 85°C) under dehydration in cabinet dryer were 

resulted in rehydration ratio which were superior to all other treatment 

combinations. The interaction effect suggests the possibility of finding out the best 

possible pretreatment under each drying situation. Further studies with larger 

samples may have to conducted before arriving at such conclusions. 

4.1.2. Solanum nigrum 

4.1.2.1. Effect of blanching on colour and weight of fresh fruits. 

The data on the effect of pretreatments on the colour and weight 

are presented in Table 6. There was no significant variation between 

pretreatments on the colour of fruits immediately after blanching (plate 9). There 

was significant reduction in weight after blanching in treatments Tz (four per cent 

brine at 85°C) and T3 (four per cent brine + one per cent citric acid). All other 

pretreatments were on par with the unblanched treatment. Tne weight reduction 

may possibly be due to the loss of some sojuble solids and that of water due to 
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Table 6. Effect of pretreatments on colour and weight of fruits of S. nigmm 

Treatments Colour Weight (g) 
(sc()re) --------------------------------------------------

Before After Variation 
treatment treatment + or -

Tl (Hot water at 85°C) 1.6 50.00 49.67 -0.33 

T2 (4% brine at 85°C) 1.4 50.00 48.33 -1.67 

T3 (4% brine + 1% citric 1.4 50.00 48.00 -2.00 
acid at 85°C) 

T4 (1 % citric acid at 1.4 50.00 49.33 -0.67 
85°C) 

T5 (4% brine + 0.5% KMS 1.6 50.00 49.33 -0.67 
at 85°C) 

T6 (0.5% KMS at 85°C) 1.4 50.00 49.67 -0.33 

T7 (Control) 1.0 50.00 50.00 0.00 
-----------------------------------------------------------------------------------------------------
CD NS 0.89* 

Score chart for colour - Light green - 1 
Brownish green - 2 
Yellowish brown - 3 
Brown - 4 
Burnt appearance - 5 

*Significant at 1 % level 



Plate 9. Pretreatments for dehydrating S.nigrum 

Plate 10. Sundried products of S.nigmm 
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osmotic action and evaporation. Lee (1958) reported that small weight losses of 

blanched snap beans were due to vapourisation or exudation of cellular juices. 

4.1.2.2. Effect of pretreatments and method of dehydration on colour and weight 
of fruits. 

The results of analysis showed that pretreatments had no significant effect 

on the colour of dehydrated fruits (Table 7). But dehydration methods had 

significant effect on colour. It can be seen there was general degradation of 

green colour in all dehydrated samples as compared to the fresh sample. 

However, treatments did not differ significantly. In sundried samples colour 

retention was very poor (plates 10, 11 and 12). Gupta and Nath (1984) studied 

drying of tomatoes and reported that sun dried samples had lighter colour than 

those dried in cabinet dryer. Ramana et al. (1988) conducted a study on the 

effect of dehydration methods on the colour of dehydrated fenugreek and mustard 

leaves and reported that sun dried samples had considerable changes in 

chlorophyll contents compared to solar cabinet dried and tray dried samples. 

Jayaraman et al. (1991) reported a significant loss of pigments in direct 

sundrying of peas. The present study also supports this view. Eventhough, in the 

case of S. t01vum, colour retention was better in microwave oven dehydration. the 

same trend was not seen in this case. This may probably be due to the reason 

that S. nignlm fruits have a thin skin compared to S. ton/um and therefore,cffect 

of browning and chlorophyll degradation became more evident. Another reason 

could be that. in this case the drying time in the microwave oven was thirty 



Table 7. Effect of pretreatments and methods of dehydration on colour and 
weight of fruits of S. nigrnm 
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--------------------------------------------------------------------------------------------------------
Methods of dehydration 

Treat- ---------------------------------------------------------.------------------------------------
ments Sun Cabinet Micro- Mean Sun Cabinet Micro- Mean 

dryer wave dryer wave 
oven oven 

------.---.------------------------------ -----------------------------------------------
Colour (score) Weight (g) 

------------.----------------.-------------------------------------.---.---.----.---.------------.---.--
Tl 3.2 1.6 4.4 3.07 

T2 3.2 1.8 4.4 3.13 

T3 3.4 1.6 4.2 3.07 

T4 2.8 1.8 4.2 2.93 

Ts 3.2 2.0 4.8 3.33 

T6 3.6 1.6 4.6 3.27 

T7 3.2 1.4 4.6 3.07 

Mean 3.23 1.69 4.46 

Colour score for fresh sample : 1.0 

H* for 
Treatments 
Dehydration methods 

H* - Kruskell Wallies Statistic 

NS 
82.09 

8.27 8.13 8.07 8.16 

8.03 8.13 8.13 8.10 

8.20 8.00 8.50 8.23 

8.50 8.16 8.53 8.40 

8.30 7.93 8.03 8.09 

8.33 8.16 8.20 8.23 

8.10 7.96 8.04 8.03 

8.25 8.07 8.21 

CD for 
Treatments (T) 0.12* 
Dehydration methods (D) 0.07* 
Tx D 0.20* 

*Significant at 1 % level 

Score chart for colour: Light green-I, Brownish green-2, Yellowish brown-3, 
Brown-4, Burnt appearance-5 



minutes at thirty per cent and ninety per cent power levels. Probably this 

extended drying time also paved way for more loss of green colour. Chen and 

Chen (1993) studied the effects of microwave cooking and stability of chlorophyll 

and carotenoids in sweet potato leaves and reported that the content of each 

pigment decreased with increasing heating time. Thus for better colour retention 

in S. nigmm further refinements in the process time may be required under 

microwave dehydration. 

Maximum weight recovery was obtained in T4 (one per cent citric acid at 

85°C) which was statistically superior to all treatments. It was followed by T 1 (Hot 

water at 85°C), T3 (four per cent brine + one per cent citric acid at 85°C) and T6 

(0.5 per cent KMS at 85°C) which were statistically on par. Lowest value for 

weight was obtained in unblanched fruits. A similar trend was obtained in S. 

tOlVum also. Mulay et al. (1994) have reported a similar gain in KMS treated 

cabbage after dehydration. He has explained that the increased water absorption 

due to increased porousness of cell wall in dried sample because of the blanching 

could be the possible reason for the increased weight. 

Dehydration in microwave oven, which was statistically on par with 

sundrying, was found significantly superior with respect to weight over 

dehydration in cabinet dryer. The better efficiency of microwave oven in higher 

recovery is observed here. The lower weight recovery in cabinet dryers may 

probably be due to the high treatment temperature and movement of hot air 
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Plate 11. Products of S.nigmm dehydrated in cabinet dryer 

Plate 12. Microwave dehydrated products of S.nigmm 





which would have resulted in more evaporation of water, volatiles and loss of 

solids. 

The interaction between pretreatments and dehydration methods was also 

found significant. Fruits treated with four per cent brine + one per cent citric 

acid (T3) and one per cent citric acid (T4) under microwave oven dehydration and 

fruits treated with one per cent citric acid at 8SOC (T4) and 0.5 per cent KMS at 

85°C (T 6) and sundried were found as superior combinations. Fruits dehydrated 

in cabinet dryer without giving any pretreatments recorded maximum weight loss. 

This indicates that specific pretreatments have to be standardised for each method 

of dehydration. The drying methods being quite different in their characteristics, 

the effects of blanching treatments may also have different net effect. 

4.1.2.3. Qualitative characters. 

Results of data on quality parameters viz., moisture, carbohydrate, crude 

fibre, total sugar, reducing sugar, non reducing sugar, ascorbic acid, iron and total 

alkaloid content are presented in Tables 8, 9 and 10. The pretreatments and 

dehydration methods had no significant effect on the moisture conteilt of 

dehydrated products (Fig. 5 and 6). This was purposefully done by adjusting the 

drying time, temperature etc. so that the dried samples does not show sig!lificant 

variability with respect to moisture content. 

Perusal of data on carbohydrate content of dehydrated fruits showed that 

there was significant difference between pretreatments (Fig. 5). Fruits blanched 



Table 8. Effect of pretreatments and methods of dehydration on moisture. carbohydrate. 
crude fibre content of fruits of S. nifil'um (dlY weight basi,.) 
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-.----------------------------------------------------------------------------------------------------------------------------

Treat- Methods of dehydration 
ments -_ .. --_ ............ -_ ................ -- .. ------- _ .. -- -- .......... --------- -----_ ........ -----_ .... ---- ------ -_ .. -- -- -_ .. --- .. -_ ........ ------ .............. -- ...... 

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 
net wave net wave net wave 
dryer oven dryer oven dlyer oven 

................................ -_ .. -_ .. --_ .... ---_ .. -_ .... .. -- .. --- .... -_ .......... ---------_ ...... -- .. ----- .. -- ------_ ............ -_ .... ----- -- - --_ ............ 
Moisture (%) Carbohydrate (0t ) Crude fibre (r;1r ) 

...... -- ------------ ---- --- -- .. -- .... ------- --------_ .............. ------ ------ -_ ........ ----_ .. ---- -_ .... -- ...................... -_ .... -----_ .. -_ .......... _ ........ -_ ........ 
T 1 7.50 7.53 7.30 7.44 21.20 20.67 17.20 19.69 25.24 31.51 38.56 28.44 

T2 7.50 7.50 7.17 7.39 18.67 13.80 21.00 17.82 28.67 29.08 29.23 2~:.Y9 

TJ 7.40 7.40 7.17 7.32 14.60 18.80 25.00 19.47 26.94 27.69 28.49 21.71 

T4 7.50 7.57 7.20 7.42 1~.60 16.20 22.80 17.87 26.62 30.55 32.30 29.1\2 

T5 7.50 7.53 7.23 7.42 17.60 19.00 17.00 17.87 23.38 28.92 30.13 27.·~8 

T 6 7.50 7.60 7.23 7.44 13.20 17.20 21.00 17.13 26.26 28.61 28.17 27.68 

T7 7.50 7.53 7.20 7.38 12.20 13.20 21.00 15.47 24.95 29.64 27.81 27.47 
--- - - - - - -- ------ ----- - - - - - - - - - - --- --- - ----- - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - ------ - - - ------ - - - ----- - - - - ----- --- - ------. -- _., 

Mean 7.49 7.52 7.21 

CD for 
Treatments (T) NS 
Dehydration methods (D) NS 
Tx D NS 

*Significant at 1 (Jr. level 

16.01 16.98 20.71 

1.13* 
0.74" 
1.96* 

26.01 29.42 29.24 

1.59* 
1.0'" 
2.74" 



with hot water at 85°C retained maximum carbohydrate content which was 

3tatistically on par with fruits treated with four per cent brine + one per cent 

citric acid at 85°C (T3)' Treatments T2 ( four per cent brine at 85°C),T5 (four per 

cent brine + 0.5 per cent KMS at 85°C), T4 (one per cent citric acid at 85°C) and 

T 6 (0.5 per cent KMS at 85°C) were on par but had higher carbohydrate content 

than the control treatments. Fruits dehydrated without subjecting to any 

pretrea!ment showed minimum value for carbohydrate content. 

Citric acid which is an acidulent can also act as a sterilising aid (Gardner, 

1977). Bacteria and many spores of other organisms are more easily killed in acid 

media (Williams, 1951). Organic acids prevent spore germination at a much 

higher pH than do inorganic acids. So citric acid would have posed certain 

restrictions on microbial and enzymatic activity on the sample. This may be the 

reason for higher carbohydrate content in fruits treated with citric acid. The fact 

that untreated samples registered the lowest value suggest that the pretreatments 

had positive effects on the retention of carbohydrate. 

Frults dehydrated in IDlCfowave oven had shown highest retention of 

carbohyri~ ... Le which was signi5cantly superior to products dehydrated in cabinet 

dryer and. dTred in sun (Fig. 6). 

As far as dehydration methods were concerned microwave oven 

dehydration stood as the best treatment compared to the rest two. In sundrying, 

since s::Ipk .) kept in an open environment a part of carbohydrate would have 
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Fig. 5. Effect of pretreatments on moisture, carbohydrate, crude fibre 
and total alkaloid contents of S. nignll71 
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Fig. 6. Effect of dehydration methods on moisture, carbohydrate, crude fibre 
and total alkaloid contents of S. Iligrum 
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been converted to liquid and gaseous products by the microorganisms during the 

:dtiai stages of df'jing resulting in weight loss. Such a condition was not existing 

ill mIcrowave oven. It is believed that microwaves inactivate microbes by 

conventional thermal mechanisms viz., thermal denaturation of microbial protein. 

At a molecular level microwaves could interfere wiLl the mechanism of bonding 

of dipicotinic acid to calcium and or cause reorientation in thermostable protein 

content in the DNA of microbes (Khalil and Villota, 1986). This phenomenon, 

coupled with short process time would have arrested any possible microbial 

degradation of carbohydrates and other materials in the samples kept in 

mIcrowave oven. 

The interaction between pretreatments and dehydration methods was also 

significant. Fruits treated with four per cent brine + one per cent citric acid at 

8SoC (T3) and dehydrated in microwave oven showed highest retention of 

carbohydrate content. It was followed by Tz (four per cent brine at 85°C), T4( one 

per cent citric acid at 8SOC) and T6 (0.5 per cent KMS at 85°C) under microwave 

oven dehydration and Tl (hot water at 8S0C) under sundrying. Sun dried fruits 

without subjecting to any pretreatments resulted in minimum carbohydrate 

content. 

The interaction effect also supports the observation that microwave oven 

dehydration is superior in the retention of carbohydrate and indicates that some 

of the pretreatments have a better capability in the retention of carbohydrates. 

But this is evident only under the microwave oven treated samples. This also 
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supports the view that sundrying results In more carbohydrate loss which IS 

already discussed in the previous paras. 

The data on crude fibre content of fruits showed that maximum value for 

crude fibre was obtained in fruits treated with one per cent citric acid at 85°C (T4) 

which was significantly superior to all other treatments (Fig. 5). It was closely 

followed by Tz (four per cent brine at 85°C). Minimum value for crude fibre was 

obtained in fruits dehydrated without subjecting to any pretreatment, which was 

statistically on par with Tl (hot water at 85°C), T3 (four per cent brine + one per 

cent citric acid at 85°C), Ts (four per cent brine + 0.5 per cent KMS at 85°C) and 

T6 (0.5 per cent K1\1S at 85°C). 

The polysaccharidic substances cellulose hemicellulose along with pectin 

and lignin contribute to the fibre content of vegetables. Pectin substances 

constitute on a dry weight basis about 30 per cent the material of primary cell 

wall (Luh and Woodroof, 1988). Pectin degradation, which occurs by 

de methylation and depolymerization can be enzymatic or chemically catalysed by 

acid. In unblanc.J.ed fruits enzymatic activities is relatively high and pectin 

degradation would have taken place at faster rate compared to other treatments. 

This may be the reason for low crude fibre content of unblanched fruits. Similar 

results were' obtained in S.torvum also. 

As far as dehydration methods were concerned, crude fibre content of 

samples dehydrated in cabinet dryer was statistically on par with those dehydrated 



in microwave oven. The sundried samples recorded significantly inferior values 

for crude fibre (Fig.6). The degradation and depolymerization of cellulose may 

possibly be associated with the length of process time also. The extended process 

time during cabinet and sun drying process would have caused more degradation 

and resulted in lower crude fibre content. This chance was very much restricted 

under microwave oven treatment, where the process time was only very short as 

compared to the other methods. 

The superior treatment combinations were T4 (one per cent citric acid at 

85°C) and Ts (four per cent brine + 0.5 per cent KMS at 85°C) and microwave 

oven dehydration, and Tl (hot water at 85°C) and T4 (one per cent citric acid at 

85°C) followed by dehydration in cabinet dryer. 

Citric acid which is an acidulent can also act as a sterilising aid 

(Gardner, 1977). Bacteria and many types of other organisms are more easily 

killed in acid media (Williams, 1951). These properties of citric acid would have 

posed certain restrictions on microbial and enzymatic activity on the samples. 

KMS and brine also are antimicrobial, antienzymatic agents. Thus these 

tre(ltments would have checked degradation of crude fibre. The sundrying due 

to the slow pattern of moisture removal would not have clearly established the 

beneficial effects of the pretreatments in retention of crude fibre. 

The data on total sugar, reducing sugar and non reducing sugar are 

pvuent."1 in Table 9. Maximum sugar (Total, reducing and non reducing) 
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Table 9. Effect of pretreatments and methods dehydration on total sugar.reducing sugar 
and non reducing sugar contents of fruits of S. nigrllln (dry weight basis) 

Treat- Methods of dehydration 
ments ---------------------------------------------------------------------------------------------------------------

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- I\telm 
net wave 
dryer oven 

net wave 
dryer oven 

net wave 
dryer oven 

Total sugar (%) Reducing sugar (%) Non reducing sugar (7r) 

T, 2.08 3.62 2.79 2.83 1.71 2.95 2.63 2.43 0.37 0.67 0.16 0.40 

Tz 2.69 4.11 2.90 3.23 2.27 3.12 2.70 2.69 0.41 0.99 0.19 0.53 

T1 3.13 2.90 1.37 2.45 2.77 2.41 1.20 2.12 0.32 0.49 0.18 0.33 

T4 3.35 3.56 1.63 2.85 2.86 2.98 1.47 2.43 0.48 0.58 0.20 0.42 

T~ 3.02 3.10 1.25 2.46 2.61 2.81 1.11 2.17 0.41 0.29 0.13 0.27 

T6 2.56 3.22 1.25 2.31 2.15 2.50 1.06 1.90 0.31 0.39 0.19 0.29 

T7 2.42 2.86 2.04 2.44 2.02 2.34 3.88 2.08 0.39 0.52 0.15 0.35 

Mean 2.74 3.34 1.89 

CD for 
Treatment (T) 
Dehydration methods (D) 
TxD 

* Significant at 1 % level 

0.21 * 
0.14* 
0.37* 

2.34 2.73 1.72 

0.16* 
0.10* 
0.28* 

0.38 0.56 0.17 

O.03"l< 
0.02* 
0.05* 
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content was observed in fruits treated with four per cent brine at 85°C (T2) which 

was significantly superior to all other treatments (Fig. 7). It was closely followed 

by Tl (Hot water at 85°C) and Tt (one per cent citric acid at 8SOC). Lowest value 

for total sugar and reducing sugar was in fruits treated with 0.5 per cent KMS at 

85°C. But lowest value for non reducing sugar was in fruits treated with four per 

cent brine + 0.5 per cent KMS at 85°C (Ts). Pawar et al. (1985) studied drying 

and dehydration of punjdn and reported that samples treated with 1000 ppm of 

KMS showed minimum content of reducing sugars. The present study also 

suppor1Sthis view. 

As far as dehydration methods were concerned dehydration in cabinet 

dryer was found superior to sundrying and dehydration in microwave oven. 

Sundrying was also found superior to dehydration in microwave oven (Fig. 8). 

Fruits of S. mgrum contain 15-20 per cent glucose and fructose 

(CSIR,1972). Usually microwaves are attracted to moisture, fat and sugar 

molecules in the food causing them to vibrate rapidly and in tum produce heat 

to cook the food. In the material being dehydrated, heating due to incident 

microwaves causes increasing temperature accompanied by increasing sensitivity 

of the material. As sensitivity increases, the rate of absorption of microwave 

energy increases and the temperature of material rises even more rapidly 

(Salunkbe et aI., 1976). Crystallization of sugars caused by drying may also 

produce a conduction normally associated with metals (Copson,1962). More over 

sugars like fructose caramelise more quicldy and easily (Feather and Harris,1973). 



Fig. 7. Effect of pretreatments on total, reducing and non-reducing sugar 
contents of S. nigrum 
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Fig. 8. Effect of dehydration methods on total, reducing and non-reducing 
sugar contents of S. nigrum 
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All these factors may be attributed to the reduction in sugar content of microwave 

dehydrated samples. Pawar et al. (1985) reported that losses of reducing sugar was 

more in shreds of pumpkin dried under sun than cabinet dried sample. Goyal and 

Mathew ( 1990) reported that the low value in sugar of the samples of cauliflower 

dried under sun was mainly due to the prolonged exposure of samples to sunlight. 

The present study was in accordance with the above findings. 

There was a significant effect for interaction between pretreatments and 

dehydration methods. Fruits treated with four per cent brine at 85°C (T2) and 

dehydrated in cabinet dryer was found to retain maximum total sugar and 

reducing sugar. Minimum total and reducing sugar was in fruits treated with 0.5 

per cent KMS at 85°C (T6) and dehydrated in microwave oven. Maximum non 

reducing sugar was obtained in fruits treated with four per cent brine at 85°C (Tz) 

and dehydrated in cabinet dryer. 

The data on ascorbic acid, iron and total alkaloid content are presented 

in Table 10. Fruits treated with 0.5 per cent KMS at 85°C (T6) w~'Lfound to 

retain maximum ascorbic acid which was significantly superior to all other 

treatments (Fig. 9). It was closely followed by T5 (four per cent brine + 0.5 per 

cent KMS at 85°C) which was superior to all other treatments. Ascorbic acid was 

minimum in fruits dehydrated without subjecting to any pretreatment (T7) which 

was on par with T4 (one per cent citric acid at 85°C). 

Ascorbic acid may be destroyed during non - enzymatic browning, but 
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Table 10, Effect of pretreatments and methods of dehydration on ascorbic acid, iron 
and alkaloid content of fruits of S, nigrum (dry weight basis) 

Treat- Methods of dehydration 

ments ------------------------------------------------------------------------------------------------------------------
Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 

net wave 
dryer oven 

net wave 
• dryer oven 

net wave 
dryer oven 

Ascorbic acid (mg/100 g) Iron (mg/100 g) Alkaloid (%) 
---------------------------------------------------------------------.--------------------------------------------------.--

Tl 52.40 39,30 78,62 56,77 3.50 5,00 5,00 4,50 0,29 0.32 0,81 0.47 

T2 39.30 52.40 78,80 56,83 2,85 5,75 5,50 4,70 0,18 0,61 0.42 0.40 

T3 26,20 39.30 91,70 52.40 3,10 5,23 6,00 4,77 0,16 0,87 0,72 0.58 

T4 39.30 39.30 65,50 48,03 2,80 5,75 5.40 4,65 0.13 0.32 0,68 0,38 

T5 52.40 52.40 104,80 69,86 1.08 5.50 6,00 4.39 0.37 0.42 0,92 0,57 

T6 56,77 56,77 104,80 72,78 1.90 6,25 5.75 4.63 0.22 0.64 0.81 0.56 

T7 26,20 39.30 78.60 48.03 2.08 4.75 5.75 4.19 0.35 0.57 0.57 0.49 
---------------------------------------------------------------------------------------------.-------------------------------
Mean 41.79 45.53 86.11 

CD for 
Treatments (T) 
Dehydration methods (D) 
TxD 

*Significant at 1 % level 

1.67* 
0.11 * 
2.90* 

2,56 5.46 5.62 

0.50* 
0.32* 
0.87* 

0.24 0.54 0.70 

0.08* 
0.05* 
0.13* 



sulphiting before drying retards browning by ascorbic acid (Ranganath and 

Dubash, 1981). Pawar et al. (1988) reported that retention of ascorbic acid was 

more in samples treated with 0.25 per cent KMS for five minutes than in the 

control. Mulay et al. (1994) reported that KMS treated samples retained higher 

amount of ascorbic acid in dehydrated cabbage. They attributed this to the 

inhibition of oxidative changes of ascorbic acid by S02. The present study also 

support this view. The results also indicate that citric acid may not be good 

pretreatment for retention ascorbic acid. 

In microwave oven dehydrated fruits ascorbic acid retention was maximum 

which was significantly superior to both dehydration in cabinet dryer and 

sundrying (Fig. 10). The loss of ascorbic acid was maximum in sundried fruits. 

The shorter duration of drying in microwave oven could be the possible reason 

for the higher retention of ascorbic acid as compared to other two drying 

methods. Rapid drying retains greater amounts of ascorbic acid than does slow 

drying (Salunkhe et ai., 1976). Campbell (1958) noted that the ascorbic acid 

contents of cabbage and broccoli cooked with microwaves were significantly higher 

than those cooked with conventional heating. Dietrich et al.(1970) compared 

microwave, steam and water blanching and reported that microwave blanching 

resulted in better ascorbic acid retention in brussel sprouts. Quenzer (1980) 

reported that cell structure remained intact during microwave blanching and so 

it was the best method for ascorbic acid retention in spinach. 

The interaction of pretreatments and dehydration methods was also found 

75 



significant. Fruits treated with O.S per cent KMS at 8SoC and four per cent brine 

+ O.S per cent KMS at 8SoC and dehydrated in microwave oven were the best 

treatment combinations. There was a significant reduction of ascorbic acid in 

fruits dehydrated without subjecting to any pretreatments. A similar reduction 

was also noticed in fruits treated with four per cent brine + one per cent citric 

acid (T3) followed by sundrying. The slow pace of sundrying would not have been 

efficient in ascorbic acid retention even with pretreatments involving KMS. The 

beneficial effect of Kl\1S and brine in retention of ascorbic acid is already 

explained. This indicates that there is scope for exploitation of these 

pretreatments for dehydration for evolving products of better nutritional value. 

Perusal of data on iron content of fruits showed that all the pretreatments 

had a significant effect over control (T7) (Fig. 9). Maximum iron content was 

found in fruits treated with four per cent brine + one per cent citric acid at 8SoC 

(T3) followed by fruits treated with four per cent brine at 8S°C. All the 

pretreatments were statistically on par. Lowest iron content was in fruits 

dehydrated without giving any pretreatment. Gardner (1977) reported that citric 

acid was a potent metal chelating agent and it readily formed chelates with iron. 

This may be the reason for high content of iron in citric acid treated fruits. 

Veenakumari (1992) observed a higher retention of iron in five per cent brine 

pretreated bittergourd slices. The present study also support this view. 

As far as dehydration methods were concerned dehydration in microwave 

oven and cabinet dryer were statistically on par. However, these two methods 
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Fig. 9. Effect of pretreatments on ascorbic acid and iron contents of 
s. nigntm 

mg/100g 
80~----------------------------' 

60 

40 

20 

o 
T1 T2 T3 T4 T5 T6 T7 

Pretreatments 

_ Ascorbic acid 

_ Iron 

Fig.lO. Effect of dehydration methods on ascorbic acid and iron contents 
of S. nigTum 

mg/100g 
100r--------~-------------------__. 

20 

o 
Sundrled Cabinet dryer Microwave oven 

_ Ascobic acid 

_ Iron 

11 



were supenor over sundrying (Fig. 10). Similar situation was observed in 

S. torvum also. 

Then~ was a significant effect for interaction between pretreatments and 

dehydration methods. Tz (four per cent brine at 85°C), T3 (four per cent brine 

+ one per cent citric acid at 8SOC), T4 ( one per cent citric acid at 85°C), T5(four 

per cent brine + 0.5 per cent KI\1S at 85°C), T6 (0.5 per cent KMS at 85°C) and 

T; (Control) followed by microwave dehydration. Tz (four per cent brine at 85°C), 

T3 (four per cent brine + one per cent citric acid at 85°C), T4 (one per cent citric 

acid at 85°C) and T 6 (0.5 per cent KMS at 85°C) followed by dehydration in 

cabinet dryer were found statistically superior combinations. Lowest value for 

iron content was in Ts (four per cent brine + 0.5 per cent KMS at 85°C) followed 

by sundrying. The interaction effects also indicated that pretreatments with citric 

acid and sodium chloride had beneficial effect in the iron content of samples. 

Total alkaloids were significantly influenced by pretreatments (Fig. 5). 

Maximum alkaloid content was in fruits treated with four per cent brine + one 

per cent citric acid which was statistically on par with Ts (four per cent brine + 

0.5 per cent KMS at 85°C) and T6 {0.5 per cent KMS at 85°C). 

The major alkaloids present in S. nigmm are solanine and saponm 

(Chopra et ai., 1956). A similar effect was found in alkaloid retention of fruits of 

S. (orvum when treated with citric acid. The increased acidity due to citric acid 

treatment would have resulted in the checking of chemical process resulting in the 



loss of alkaloids. A similar effect would have been achieved by the KMS and 

brine treatment also. Further studies are required to ascertain the exact 

mechanism of action of pretreatments on the alkaloid content in the samples. 

The dehydration method also significantly varied with respect to alkaloid 

content of fruits. Microwave oven dehydration was found superior to sundrying 

and dehydration in cabinet dryer. Dehydration in cabinet dryer was also found 

superior to sundrying (Fig. 6). It may probably be due to the difference in the 

duration of time and environment that resulted in a lower retention of alkaloids 

in the sun dried product. 

The significant combinations as evident from the table were Tl (Hot water 

at 85°C), Ts (four per cent brine + 0.5 per cent KMS at 85°C) and T6 (0.5 per 

cent KMS at 85°C) under microwave oven dehydration and T3 (four per cent 

brine + one per cent citric acid at 85°C) followed by dehydration in cabinet dryer. 

Fruits treated with one per cent citric acid at 85°C and dried under sun showed 

lowest alkaloid content. To explain the exact reason for specific effect of brine, 

Ki\1S and citric acid treatments on the alkaloids detailed studies may be required. 

4.1.2.4. Dehydration ratio 

The data on dehydration ratio are presented in Table 11. Better 

dehydration ratio of 5.95:1 was recorded in fruits treated with one per cent citric 

acid at 85°C (T~) which was significantly superior to aU other treatments. It was 

followed by T6 (0.5 per cent l(l\-iS at 85°C) and T3 (four per cent brine + one per 



Table 11. Effect of pretreatments and methods of dehydration on 
dehydration ratio and rehydration ratio of fruits of S. nigrum 

Methods of dehydration 
Treat-
ments Sun Cabinet Micro- Mean Sun Cabinet Micro- Mean 

dryer wave dryer wave 
oven oven 

Dehydration ratio Rehydration ratio 

Tl 6.05:1 6.17:1 6.27:1 6.16:1 1:1.72 1:1.73 1:2.22 1:1.89 

Tz 6.23:1 6.17:1 6.15:1 6.18:1 1:1.69 1:1.92 1:2.66 1:2.09 

T3 6.10:1 6.25:1 5.88:1 6.08:1 1:1.61 1:1.71 1:2.22 1:1.85 

T4 5.88:1 6.12:1 5.86:1 5.95:1 1:1.78 1:1.88 1:2.50 1:2.05 

Ts 6.12:1 6.21:1 6.23:1 6.19:1 1:1.90 1:1.82 1:2.83 1:2.18 

T6 6.12:1 6.12:1 6.09:1 6.07:1 1:1.81 1:1.63 1:2.47 1:1.97 

T7 6.17:1 6.12:1 6.23:1 6.24:1 1:1.69 1:1.72 1:1.95 1:1.79 

so 

----------------------------------------------------------------------------------------------------
Mean 6.09:1 6.17:1 6.10:1 

CD for 
Treatments (T) 
Dehydration methods (D) 
TxD 

* Significant at 1 % level 

0.05* 
NS 

0.10* 

1:1.74 1:1.77 1:2.41 

0.04* 
0.02* 
0.07* 
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cent citric acid at 85°C). Fruits dehydrated without subjecting to any pretreatment 

showed poorer dehydration ratio (6.24:1). The data suggest that pretreatments 

can have influence on the dehydration ratio. As most of the pretreatments can 

affect the microbial and enzymatic process(ttaking place in the samples during 

drying, such variations are justifiable. Citric acid which is an acidulent can also 

act as sterilizing aid (Gardner, 1977). This may be the reason for higher 

dehydration ratio in fruits treated with citric acid. In the present study the actual 

figures did not show much variation with respect to dehydration ratio. Studies 

with larger samples may be required to ascertain this phenomenon correctly. 

As far as dehydration methods were concerned there was no significant 

difference. However, it may be noted that drying time was only thirty minutes in 

microwave oven as compared to five hours and fifteen minutes in cabinet dryer 

and approximately eighteen hours in sundrying. It indicates that duration of 

drying could be a critical factor for choosing a particular method of drying, 

though there was no significant difference between drying methods. Under real 

situations the total duration for completion of drying of one batch of product at 

a comparatively lower cost may be the ultimate consideration for choosing a 

particular method of drying. 

Interaction between pretreatments and dehydration methods was also 

found significant. T4 (one per cent citric acid at 85°C) and T3 (four per cent brine 

+ one per cent citric acid at 85°C) under microwave oven dehydration and T4 

(one per cent citric acid at 8SoC) followed by dehydration in cabinet dryer were 



found superior combinations. The beneficial effects of citric acid and brine would 

have complemented synergestically to the beneficial effect of microwaves or 

cabinet dehydration technique to give this result. Lowest dehydration ratio was 

in T 1 (Hot water at 85°C) followed by dehydration in microwave oven. 

4.1.2.5. Rehydration ratio. 

The data on rehydration ratio are presented in Table 11. Highest 

rehydration ratio was in fruits treated with four per cent brine + 0.5 per cent 

KMS at 85°C which was found superior to all other treatments. It was followed 

by Tz (four per cent brine at 85°C) and T4 (one per cent citric acid at 85°C) which 

were statistically on par. Lowest rehydration ratio (1:1.79) was in T7 (control). 

All the pretreated samples had higher rehydration ratio than the 

unblanched samples. This may be attributed to increased water absorption due 

to increased porousness of cell wall in dried samples which received a blanching 

treatment (Srivastava and Sulebele, 1975). Pruthi et al. (1978) studied the 

dehydration of tropical paddy straw mushroom (Vo/vanella volvaceae) and found 

that samples treated with KMS had higher rehydration ratio. Better rehydration 

ratio indicates better retention of the cellular configuration even after drying. 

Thus rehydration ratio can be considered as an indicator of the cellular integrity 

of the dehydrated sample. 

The dehydration methods had significant effect on rehydration ratio of 

samples. Samples dehydrated in microwave oven showed highest rehydration 
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ratio (1:2.41) which was superior to both sundrying and dehydration in cabinet 

dryer. 

In S. t01vum also samples dehydrated in microwave oven recorded highest 

rehydration ratio. In microwave treatment the uniform penetrability of 

microwaves offers least resistance, as compared to the other dehydration 

. -~atments on the cell wall of the samples. This may be the reason for the 

smuoth and superior appearance of the samples dehydrated in microwave oven. 

Whenever the shape retention is superior, rehydration may also be more efficient. 

This may be the reason for better rehydration of samples dehydrated in 

microwave oven. In sundrying the shape disruption was maximum, due to uneven 

moisture loss from individual cells ultimately resulting in poor rehydration. 

The interaction between pretreatments and dehydration methods was also 

found significant. Highest rehydration ratio was in fruits treated with four per 

cent brine + 0.5 per cent KMS at 85°C (Ts) and dehydrated in microwave oven. 

It was followed by T .. (one per cent citric acid at 85°C) and T6 (0.5 per cent K.\1S 

at 85°C) followed by microwave dehydration which were statistically on par. The 

lowest rehydration ratio was in T3 (four per cent brine + one per cent citric acid) 

followed by sun drying. The interaction effects suggested that KMS treatment 

resulted in higher rehydration ratio of the dehydrated samples (Pruthi et aI., 

1978). It also suggested that the effectt of KMS treatments were more 

pronounced under microwave dehydration. 



Plate 13. Pretreatments for dehydrating N.nucifera 

Plate 14. Sundried products of N.nucifera 





4.1.3. Nelumbo nucifera 

4.1.3.1. EtTect of pretreatments on colour and weight of fresh lotus stolon slices. 

The data on the effect of pretreatments on the colour and weight of fresh 

slices of lotus stolons are presented in Table 12. There was no significant 

difference between pretreatments on the colour of fresh slices, which was cream 

,n colour when cut fresh, and also after blanching (plate 13). 

The whitish cream colour of the stolon has good eye appeal. If this colour 

is carried to the product also, the acceptability will be much better. The 

conventional products available in the market are dark brown or blackish in 

colour which is having a poor eye appeal. Thus in the dehydration of the lotus 

stolons, retention of the original colour of the stolon is an important 

consideration. In the present study, none of the treatments significantly improved. 

or deteriorate4.the natural colour of the lotus stolons. 

The pretreatments had significant effect on the weight of the samples after 

blanching. All samples gained weight after subjecting to the pretreatments. 

Samples treated with hot water at 8SoC showed maximum weight gain after 

blanching which was statistically superior to all pretreatments. It was followed by 

T7 (four per cent brine + 0.5 per cent KMS at 85°C). 

The gain in weight of samples treated with boiling water (TI) was minimum 

which was statistically on par with other pretreatments T3 (four per cent brine at 

8SoC), T~ (four per cent brine + one per cent citric acid at 85°C), Ts (one per cent 



Table 12. Effect of pretreatments on colour and weight of stolon slices 
of N. nucifera 

Treatments Colour Weight (g) 

gs 

(score ) ----------------------------------------------------
Before After Variation 
treatment treatment + or -

Tl (Boiling water) 1.2 50.00 42.80 +2.80 

T 2 (Hot water at 85°C) 1.4 50.00 56.33 +6.33 

T3 (4% brine at 85°C) 2.4 50.00 53.67 +3.67 

T4 (4% brine + 1% citric 2.8 50.00 53.00 +3.00 
acid at 85°C) 

T5 (1 % citric acid at 2.8 50.00 53.67 +3.67 
85°C) 

T6 (4% brine + 0.5% KMS 2.2 50.00 53.67 +3.67 
at 85°C) 

T7 (0.5% KMS at 85°C) 1.8 50.00 54.67 +4.67 

Ts (Control) 1.0 50.00 50.00 0.00 
-------------------------------------------------------------------------------------------------------
CD NS 0.87* 

Score chart for colour - Cream - 1 
Whitish yellow - 2 
Yellow - 3 
Yellowish brown - 4 
Light brown - 5 

*Significant at 1 % level 



Plate 15. Products of N.nucifera dehydrated in cabinet dryer 

Plate 16. Microwave dehydrated products of N.nucifera 





citric acid at 85°C) and T6 (four per cent brine + 0.5 per cent KMS at 85°C). 

Contrary to the effect of blanching treatments in S. tOlvum and S. nigntm, 

the lotus stolons registered a weight gain due to the hot water;boiling water 

blanching treatments. The fact that lotus stolons have hollow tubular spaces . 
inside may be the reason for this weight gain. During the blanching treatments, 

water gets close access to the intercellular spaces as a result of the increased 

surface area exposed to water unlike the earlier two cases. When blanching is 

done with boiling water there is increased softening of the lotus stolons resulting 

in lesser water retention as compared to hot water blanching. Blanching removes 

intercellular air from the tissues (Salunkhe et al., 1976; Kalra, 1990). Goyal and 

Mathew (1990) studied physicochemical characteJi;tics of cauliflower dried under 

dirferent drying conditions and reported that the weight gain after blanching was 

due to the replacement of entrapped air by water and adhering superficial water. 

The present study supports this view. 

4.3.1.2. Effect of pretreatments and methods of dehydration on colour and 
weight of stolon slices of lotus. 

The results of analysis showed that pretreatments had significant effect on 

the colour of dehydrated samples (Table 13 and plates 14, 15 and 16). The 

samples treated with four per cent brine + 0.5 per cent KMS at 85°C (T 6) and 

one per cent citric acid at 85°C (T5) received lowest score (3.47) which indicated 

a better colour retention. But the dehydration methods had no influence on 

colour retention (plates 14, 15 and 16). The exteni' of prevention of browning 



Table 13. Effect of pretreatments and methods of dehydration on 
colour and weight of stolon slices of N. nucifera 

-----------------------------------------------------------------------------------------
Methods of dehydration 

Treat- -------------------------------------------------------------------------------
ments Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 

net wave net wave 
dryer oven dryer oven 

---------------------------------- -----------------------------------------
Colour (score) Weight (g) 

-----------------------------------------------------------------------------------------
Tl 4.6 4.8 4.6 

T2 4.8 4.8 4.8 

T3 4.4 4.4 4.4 

T4 3.6 3.8 3.8 

Ts 3.0 3.6 3.8 

T6 4.0 3.0 3.4 

T7 4.2 4.2 4.2 

T8 4.8 4.8 4.8 

Mean 4.2 4.2 4.2 

H* for 
Treatments 
Dehydration methods 

4.7 13.27 12.67 13.00 

4.8 13.13 12.63 13.27 

4.4 13.03 13.00 13.13 

3.7 12.93 13.23 13.23 

3.5 13.03 13.43 12.93 

3.5 12.97 13.67 13.03 

4.2 12.83 13.40 13.43 

4.8 12.30 12.53 12.90 

12.94 13.07 13.12 

CD for 
53.33 Treatments (T) 
NS Dehydration 

methods (D) 
TxD 

12.98 

13.01 

13.06 

13.13 

13.13 

13.22 

13.22 

12.58 

- 0.33* 

- 0.20* 
- 0.57* 

H* - Kruskell Wallies Statistic *Significant at 1% level 

Score chart for colour: Cream-I, Whitish yellow-2, Yellow-3, 
Yellowish brown-4, Ught brown-5 



reaction (enzymatic and non-enzymatic) results in better retention of colour in 

lotus stolons. Sodium chloride, potassium metabisulphite and citric acid are 

reported to have antibrowning properties. S02 has long been used as an 

economically efficient way of retarding enzymatic and non-enzymatic browning 

(Salunkhe et al., 1976). Gardner (1977) reported that browning in dehydrated 

fruits and vegetables could be prevented by soaking of the cut or peeled products 

in citric acid. Pruthi et al. (1978) reported that blanching followed by steeping 

of mushrooms in 0.2 per cent KMS solution containing 0.2 per cent citric acid for 

three hours slightly improved the colour of mushroom. The present study also 

supponsthis view. 

The data on weight after dehydration revealed that all the pretreatments 

had a significant positive effect on the weight of dehydrated samples over control. 

Maximum weight was obtained in T7 (0.5 per cent KMS at 85°C) which was on 

par with other pretreatments. Lowest value for weight was obtained in 

unblanched samples. In the case of lotus stolons, all the blanching treatments had 

registered a weight gain. This weight gain is naturally reflected in the product 

weight also after the drying treatment. 

Dehydration in mIcrowave oven, which was statistically on par with 

dehydration in cabinet dryer, was found significantly superior to sundrying. 

Sundrying was on par with dehydration in cabinet dryer. The better weight 

recovery in microwave oven may be due to the short process time, efficient way 

of heat transfer and the enclosed nature of the dIying chamber. Sundrying, being 
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carried out in open condition, is always susceptible to microbial attack over a 

longer period of time which would have resulted in the conversion of a small 

quantity of the constituents in the stolons into other products. 

Interaction between pretreatments and dehydration methods was also 

found to be significant. T7 (0.5 per cent KMS at 85°C), T4 (four per cent brine 

+ one per cent citric acid at 85°C), T3 (four per cent brine at 85°C), T2 (Hot water 

at 85°C) under microwave oven. T7 (0.5 per cent KMS at 85°C), T6 (four per cent 

brine + 0.5 per cent KMS at 85°C), T5 (one per cent citric acid at 85°C), T-t (four 

per cent brine + one per cent citric acid at 85°C) followed by dehydration in 

cabinet dryer and Tl (Hot water at 85°C) followed by sundrying were found as 

superior combinations. Samples dried in sun without giving any pretreatment 

recorded maximum weight loss. This again shows that pretreatments have to be 

specifically standardised for each drying method. This is due to the reason that 

the process of each of the drying system varied widely. Treatments T7 (0.5 per 

cent KMS at 85°C) and T4 (four per cent brine + one per cent citric acid at 85°C) 

are found commonly beneficial for microwave ovens and cabinet dryers. 

4.1.3.3. Qualitative characters. 

Results of data on quality parameters viz., moisture, starcb.crude fibre and 

iron are presented in Table 14. 

The pretreatments and dehydration methods had no significant effect on 

the moisture content of dehydrz.ted products (Fig. 11 and Fig. 12). The reason 



Table 14. Effect of pretreatments and methods of dehydration or. moisture starch, crude 
fibre and iron content of stolon slices of N. nucifera 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Treat- Methods of dehydration 
ments ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 
net wave net wave net wave net wave 
dryer oven dryer oven dryer oven dryer oven 

----------------------------------------- ------------------------------------------ ---------------------------------------- ---------------------------------------
Moisture (%) Starch (%) Crude fibre (%) Iron tmgllOO g) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tl 8.44 8.00 7.97 8.00 14.7 12.00 6.10 10.93 3.22 4.73 8.34 5.43 8.80 10.15 12.45 10.67 

T2 8.04 8.00 8.00 8.00 14.7 12.90 7.90 11.83 5.11 6.45 8.26 6.61 8.75 9.11 14.50 10.79 

T3 8.04 8.00 7.93 7.99 12.00 13.70 6.30 10.67 4.61 4.41 8.96 5.99 13.75 12.15 14.00 13.30 

T4 8.03 8.03 7.93 8.00 12.90 12.00 10.40 11.77 5.71 4.64 6.19 5.51 10.65 15_~ 13.00 13.95 

T5 8.04 7.97 7.93 7.98 16.70 9.90 7.90 11.50 3.75 5.93 8.58 6.10 11.17 15_~ 12.45 12.71 

T6 8.03 8.03 7.97 8.01 10.90 8.20 9.50 9.53 4.05 7.35 7.26 6.22 12.25 1O.~ 10.85 11.33 

T7 8.03 7.97 7.97 7.99 14.70 9.33 8.70 10.91 5.83 7.14 7.04 6.67 7.55 11.65 15.35 11.52 

T8 8.04 7.97 7.97 7.99 3.80 3.60 4.00 3.80 3.87 3.41 5.26 4.18 8.40 11.35 10.65 10.13 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mean 8.04 8.00 

CD for 
Treatments (T) 
Dehydration methods (0) 
TxD 

*Significant at 1 % level 

7.96 

NS 
NS 
NS 

12.55 10.20 7.60 

0.73* 
0.44* 
1.26* 

4.52 5.51 7.49 

0.91* 
0.56* 
1.58* 

10.17 12.11 12.78 

0.69* 
0.42* 
1.19* 



for this is already explained under 4.1.1.3. 

Perusal of data on starch content of slices of lotus stolons showed that all 

pretreatments were superior over control (Fig.11). Samples treated with four per 

cent brine + one per cent citric acid at 85°C (T4), one per cent citric acid at 85°C 

(T5) and hot water at 85°C (Tz) were found significantly superior to all other 

pretreatments and they were on par. It was followed by TI (boiling water), T3 

(four per cent brine at 85°C) and T7 (0.5 per cent KMS at 85°C). Lowest value 

for starch content was obtained in Tg (control). The pretreatments have 

beneficial effects in retaining starch content of samples. 

Stolon slices of lotus dried in sun showed highest retention of starch, which 

was superior to dehydration in cabinet dryer and microwave oven (Fig. 12). 

Dehydration in cabinet dryer was also found superior to microwave oven 

dehydration. Dehydration in cabinet dryer and microwave oven would have 

caused gelatinisation of starch. Gelatinisation is the process of swelling and 

eventual bursting of starch granuies, when starch is heated (Birch, 1977). But in 

sun drying the temperature of drying is very low compared to other two methods. 

This may be the reason for high starch content of sundried samples. Dorfer and 

Eckert (1983) studier.. complex thermal modification of wheat flour by grade~: 

microwave processing and reported starch damage of wheat flour by microwaves 

using a 2 KW microwave oven operating at 2375 Hz. The present study also 

supports this view. 



Fig.II. Effect of pretreatments on moisture, starch and crude fibre contents 
of N. nucifera 
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Fig.12. Effect of dehydration methods on moisture, starch and crude fibre 
contents of N. nucifera 
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The interaction between pretreatments and dehydration methods was also 

significant. Samples treated with one per cent citric acid at 85°C and dried in sun 

showed maximum starch content. It was followed by Tl (boiling water), Tz (Hot 

water at 85°C) and T7 (0.5 per cent KMS at 85°C) under sundrying. Starch 

content of lotus stolon slices was minimum in control treatment in all the three 

methods of dehydration. The interaction effects also supports the view that 

pretreatments are better for retention of carbohydrate. In stolon slices the 

expulsion of air has taken place. This had a beneficial effect in products rich in 

starch that cells beneath the surface were effectively protected from the adverse 

effects of oxygen in the air. But in unblanched samples due to the presence of 

air the adverse effect of oxygen was not prevented (Salunkhe et at., 1976). This 

may be the reason for loss of starch in unblanched samples. 

The data on crude fibre content of slices of lotus stolons are presented in 

Table 14. All the pretreatments showed a significant effect with respect to crude 

fibre content over control (T8). Maximum value for crude fibre was in T7 (0.5 per 

cent KMS at 85°C) which was statistically on par with Tz (Hot water at 85°C), Ts 

(one per cent citric acid at 85°C), T6(four per cent brine + 0.5 per cent KMS at 

85°C) and T3 (four per cent brine at 85°C). Lowest value for crude fibre was in 

unblanched sample (Fig. 11). A similar result was ekained for S. tOlvum also. 

The explanation for this trend is already furnished under 4.1.1.3. 

As far as dehydration methods were concerned, crude fibre content of 

samples under microwave oven dehydration was significantly superior to both 



sun drying and dehydration in cabinet dryer. Dehydration in cabinet dryer was 

also superior to sundrying (Fig. 12). This indicated that under microwave 

dehydration the crude fibre retention was maxunum. A similar result was 

obtained in S. tOlvum and S. nigrum also. The explanation for this trend is 

already explained under 4.1.1.3. 

Interaction for pretreatments and dehydration methods was also found 

significant. Tl (Boiling water), T3 (four per cent brine at 85°C), and T5 (one per 

cent citric acid at 85°C) under microwave oven dehydration were the superior 

combinations. It was closely followed by T6 (four per cent brine + 0.5 per cent 

KMS at 85°C) and T7 (0.5 per cent KMS at 85°C) under dehydration in 

microwave and cabinet dryer. Lowest value for crude fibre was in samples dried 

in sun without subjecting to any pretreatments. The interaction effects indicated 

that pretreatments were beneficial for maximum retention of crude fibre. The 

superiority of microwave oven dehydration in crude fibre retention was again 

obseIVed. 

Data on the iron content of samples an~ presented in Table 14. Maximum 

iron content was in samples treated with four per cent brine at 85°C (T3) which 

was statistically on par with T4 (four per cent brine + one per cent citric acid at 

85°C), Ts (one per cent citric acid at 85°C) and T6 (four per cent brine + 0.5 per 

cent KMS at 85°C) (Fig. 13). Lowest value for iron content was in control (Ts) 

which was statistically on par with Tl (boiling water) and Tz (Hot water at 85°C). 

The pretreatments like sodium chloride, citric acid etc. were beneficial for better 



Fig.13. Effect of pretreatments on iron content of N. nucifera 
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iron retention. A similar result was obtained in S. nignlm also. The explanation 

for this effect is already furnished under 4.1.2.3. 

In the case of dehydration methods iron retention was maximum in stolon 

slices dehydrated in microwave oven which was significantly superior to 

dehydration in cabinet dryer and sundrying. Dehydration in cabinet dryer was 

also found superior to sundrying (Fig. 14). 

There was a significant effect for interaction between pretreatments and 

dehydration methods. The best combinations were T4 (four per cent brine + one 

per cent citric acid at 85°C) and Ts (one per cent citric acid at 85°C) followed by 

dehydration in cabinet dryer, and T7 (0.5 per cent KMS at 85°C) and T2 (Hot 

water at 85°C) under microwave oven dehydration. It was closely followed by T3 

(four per cent brine at 85°C) under microwave oven dehydration and sundrying. 

Lowest value for iron was in samples dried under sun without blanching. The 

interaction effects also showed that pretreatments like sodium chloride and citric 

acid were beneficial for retention of iron. A similar trend was obtained in 

S. tOlVum and S. nigntm. 

4.1.3.4. Dehydration ratio. 

The data on dehydration ratio are presented in Table 15. All 

pretreatments also showed a significant difference over control (T8)' Better 

dehydration ratio of 3.80:1 was recorded in samples treated with 0.5 per cent 

KMS at 85°C (T7) which was statistically superior to ail other pretreatments. It 



Table 15. Effect of pretreatments and methods of dehydration on ilcnydration 
ratio and rehydration ratio of stolon slices of N. nucifera 

Methods of dehydration 
Treat-
ments Sun Cabinet Micro- Mean SUD Cabinet Micro- Mean 

~ dryer wave dryer wave 
oven oven 

Dehydration ratio Rehydration ratio 

Tl 4.00:1 3.79:1 3.85:1 3.88:1 1:2.62 1:2.49 1:2.94 1:2.68 

T2 4.14:1 3.72:1 3.75:1 3.87:1 1:2.32 1:2.56 1:2.65 1:2.51 

T3 3.77:1 3.98:1 3.80:1 3.85:1 1:2.41 1:2.53 1:3.01 1:2.65 

T4 3.81:1 3.83:1 3.90:1 3.85:1 1:2.56 1:2.33 1:2.59 1:2.49 

T5 3.87:1 3.91:1 3.72:1 3.83:1 1:2.48 1:2.45 1:2.77 1:2.57 

T6 3.78:1 3.86:1 3.82:1 3.82:1 1:2.80 1:2.55 1:2.91 1:2.75 

T7 3.66:1 3.97:1 3.83:1 3.80:1 1:2.83 1:3.02 1:2.67 1:2.84-

T8 4.07:1 3.88:1 3.99:1 3.98:1 1:2.17 1:2.40 1:2.61 1:2.39 
-------------------------------------------------------------------------------------------------
Mean 3.88:1 3.86:1 3.83:1 1:2.52 1:2.50 1:2.77 
-------------------------------------------------------------------------------------------------
CD for 
Treatments (T) 0.01 * 0.07* 
Dehydration methods (D) 0.01* 0.05* 
TxD 0.03* 0.13* 

*Significant at 1 % level 
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was followed by T6 (four per cent brine + 0.5 per cent KMS at 85°C)which was 

on par with T5 (one per cent citric acid at 85°C). Poor dehydration ratio (3.98: 1) 

was found in Ts (control). The data suggested that pretreatments could have 

influence in the dehydration ratio and treatments like KMS were beneficial. A 

similar result was obtained in S.torllum also. The reason for this trend is already 

furnished under 4.1.1.4. 

In the case of dehydration methods products dehydrated in microwave 

oven showed a better dehydration ratio which was superior to both sundrying and 

dehydration in cabinet dryer. Dehydration in cabinet dryer was also found 

superior to sun drying. 

In microwave treatment the uniform penetrability of microwaves offers 

least resistance as compared to other methods of dehydration. Moreover 

dehydration system is more efficient. This may be the reason for higher 

dehydration ratio compared to other two methods. 

Pawar et al. (1985) conducted dehydration studies in pumpkin and reported 

that cabinet dried samples had higher dehydration ratio compared to sundried 

samples. The present study also supports this view. 

Interaction between pretreatments and dehydration method was also found 

significant. Samples after subjecting to 0.5 per cent KMS at 85°C (T7) and dried 

in sun resulted in better dehydration ratio which was statistically superior to all 

other treatment combinations. It was followed by T5 (one per cent citric acid at 



85°C) and Tz (Hot water at 85°C) under microwave oven dehydration, and Tz(Hot 

water at 8SOC) followed by dehydration in cabinet dryer. Poor dehydration ratio 

was found in samples treated with hot water at 85°C and dried in sun. It was also 

found that unblanched samples dried under all the three methods resulted in poor 

dehydration ratio. The interaction effect suggeststhe possibility of finding out the 

best possible pretreatment under each drying situation. 

4.1.3.5. Rehydration ratio. 

The data on rehydration ratio showed that T7 (0.5 per cent KMS at 8SOC) 

was significantly superior to all other treatments including control (Ts). It was 

followed by T6 (four per cent brine + 0.5 per cent KMS at 85°C) and Tl (boiling 

water) which were on par. Lowest rehydration ratio was found in Ts (control). 

KMS treatment was found highly beneficial for getting products with higher 

rehydration. A similar result was obtained in S. torvum and S. nigrum also. The 

reason for this is already explained under 4.1.1.5. 

Highest rehydration ratio was recorded in samples dehydrated in 

microwave oven which was found superior to sundrying and dehydration in 

cabinet dryer. This shows the superiority of microwave oven for getting products 

with higher rehydration ratio. A sinular resuit was obtained in S. nigrum. The 

explanation for this increased rehydration of samples dehydrated in microwave 

oven is already furnished under 4.1.2.5. 

The interaction of pretreatments and dehydration methods was also found 

99 
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significant. Samples treated with 0.5 per cent KMS at 8SoC and dehydrated in 

cabinet dryer showed highest rehydration ratio which was statistically on par with 

T6 (four per cent brine + 0.5 per cent KMS at 8S0C) and Tl (Boiling water) 

followed by dehydration in microwave oven. Unblanched samples dried under sun 

resulted in the lowest rehydration ratio 1:2.17. Sundrying of samples without 

subjecting to any pretreatment resulted in poor rehydration ratio suggests that this 

was the poor treatment combination. The interaction effects also suggest that 

KMS treatment resulted in higher rehydration ratio. The same result was 

obtained in S. nigrnm also. The explanation for this effect is already furnished 

under 4.1.2.5. 

The foregoing discussion on standardisation of dehydration techniques in 

S. torvum, S. nigmm and N. nucifera has given useful information on the influence 

of pretreatments and dehydration methods on the colour, nutritive value, 

dehydration ratio and rehydration ratio of dehydrated products. It was observed 

that pretreatments with KMS 0.5 per cent, brine four per cent and citric acid one 

per cent were more useful for getting dehydrated product with better quality in 

combination with the methods of dehydration employed. 

In S. torvum, fruits treated with four per cent brine at 3SoC showed better 

colour retention, highest iron content, and rehydration ratio under sundrying. 

Fruits treated with one per cent citric acid at 8SoC showed maximum retention of 

carbohydrate, crude fibre and alkaloid and highest dehydration and rehydration 

ratio under sundrying. While O.S per cent KMS at 8SoC resulted in better 



dehydration and rehydration ratio, better retention of iron, crude fibre, alkaloid 

and maximum retention of ascorbic acid under sundrying. 

Fruits treated with four per cent brine showed better retention of ascorbic 

acid and iron and highest dehydration and rehydration ratio under dehydration 

in cabinet dryer. Fruits treated with four per cent brine + 0.5 per cent KMS at 

85°C resulted in better iron content, rehydration ratio and maximum retention of 

colour and ascorbic acid under dehydration in cabinet dryer. Under microwave 

oven dehydration, fruits treated with four per cent brine showed highest 

dehydration ratio, maximum iron content, and better retention of ascorbic acid 

and alkaloid. Fruits treated with four per cent brine + 0.5 per cent KMS at 8SOC 

resulted in maximum colour retention, highest dehydration ratio, better retention 

of ascorbic acid and iron under microwave dehydration. While 0.5 per cent KMS 

at 85°C resulted in maximum retention of ascorbic acid, iron and alkaloid under 

microwave dehydration. Thus the superior treatments for S. ton'Um were 0.5 per 

cent KMS at 85°C and 4 per cent brine at 85°C followed by four per cent brine 

+ 0.5 per cent KMS at 85°C. 

In S. nigmm, fruits treated with four per cent brine resulted in maximum 

retention of carbohydrate, crude fibre sugars under sundrying. Fruits treated with 

one per cent citric acid at 85°C resulted in maximum colour retention, highest 

dehydration ratio and better sugar content and rehydration ratio under sundrying. 

Treating fruits with four per cent brine + 0.5 per cent KMS at 85°C resulted in 

maximum retention of ascorbic acid, iron, alkaloid and highest rehydration ratio 
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under sundrying. For dehydration in cabinet dryer fruits treated with four per 

cent brine showed better retention of ascorbic acid and iron and highest 

rehydration ratio. Fruits treated with one per cent citric acid at 85°C resulted in 

maximum sugar and crude fibre content, highest dehydration ratio and better 

rehydration ratio under dehydration in cabinet dryer. While treating fruits with 

four per cent brine + 0.5 per cent KMS at 85°C resulted in maximum retention 

of colour, carbohydrate and ascorbic acid under dehydration in cabinet dryer. 

Fruits treated with fout per cent brine + one per cent citric acid at 85°C showed 

maximum retention of colour, better retention of ascorbic acid and iron, and 

highest dehydration ratio under microwave dehydration. Fruits treated with one 

per cent citric acid showed maximum retention of colour, and crude fibre and 

highest dehydration ratio under microwave dehydration. While treating fruits with 

four per cent brine + 0.5 per cent Kl\fS at 85°C resulted in maximum retention 

of carbohydrate, ascorbic acid and alkaloid and highest rehydration ratio. Thus 

the superior pretreatments for S. nigrnm were one per cent citric acid at 85°C and 

four per cent brine + 0.5 per cent K..\1S at 85°C followed by four per cent brine 

at 8SOC. 

In N. nucifera, samples treated with four per cent brine + one per cent 

citric acid at 85°C showed maximum retention of crude fibre and better 

dehydration and rehydration ratio. Under sundrying, samples treated with four 

per cent brine + 0.5 per cent K\1S at 85°C resulted in highest rehydration ratio 

and better retention of iron under sundrying. Samples treated '.vith 0.5 per cem 
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Kl\fS at 85°C and sundried showed maximum retention of crude fibre and highest 

dehydration and rehydration ratio. For dehydration in cabinet dryer samples 

treated with four per cent brine + one per cent citric acid at 85°C showed 

maximum retention of iron and highest dehydration ratio. Samples treated with 

one per cent citric acid and dehydrated in cabinet dryer resulted in maximum 

retention of iron and better dehydration and rehydration ratio. While samples 

treated with four per cent brine + 0.5 per cent KMS at 85°C showed highest 

dehydration ratio, maximum retention of colour and crude fibre and better 

rehydration ratio under dehydration in cabinet dryer. Under mIcrowave 

dehydration samples treated with one per cent citric acid at 85°C resulted in 

maximum retention of crude fibre and highest dehydration ratio. Samples treated 

with four per cent brine + 0.5 per cent KMS at 85°C showed maximum retention 

of colour and starch and better dehydration ratio under microwave dehydration. 

Samples treated with 0.5 per cent KMS at 85°C resulted in highest rehydration 

ratio, maximum retention of iron and better dehydration ratio under microwave 

dehydration. Thus the superior pretreatments in N. nucifera were four per cent 

brine + 0.5 per cent Ki\1S at 8SOC followed by 0.5 per cent K1\1S at 85°C and one 

per cent citric acid at 85°C. 

It can be further concluded that the best pretreatment was four per cent 

brine + 0.5 per cent K1\1S at 8SOC on an overall basis. The beneficial effects of 

sulphites is mainly by antimicrobial action (sulphurous acid inhibits yeasts moulds 

and bacteria) and prevention of enzymatic and non enzymatic discoluration 



(Salunkhe et ai., 1976, Chichester and Tanner, 1977). The application of 

sulphites to vegetables before dehydration increases the storage life,preserves 

colour and flavour, aids in retention of ascorbic acid and gives better rehydrated 

products (Salunkhe et aI., 1976, Chichester and Tanner, 1977; Ranganath and 

Dubash, 1981; Pawar et al.,1988; and Mulay et aI., 1994). The other superior 

pretreatments were 0.5 per cent KMS at 85°C, one per cent citric acid at 85°C, 

and four per cent brine at 85°C. Sodium chloride inhibits microbial growth and 

thus preserves the food. It reduces the amount of water available to 

microorganisms for growth pmcess. The sodium and chloride ions also inhibit 

some microorganisms independent of changes in water activity of this food. 

Other detfrimental effects include plasmolysis of cells, reduced solubility of 

oxygen in water, sensitization of cells to CO2 and interference with the action of 

proteolytic enzymes (Johnson and Peterson, 1974). Sodium chloride in 

combination with an acidulent prevents browning in dehydrated vegetable 

(Gardner, 1977). Citric acid aids in sterilization, chelation, product 

standardisation and enhancement of flavours (Johnson and Peterson, 197-t.). 

Citric acid also helps in prevention of browning which is one of the major 

problem in the dehydration of fruits and vegetables (Gardner, 1977). 

The study has also revealed that microwave dehydration was significantly 

superior to dehydration in cabinet dryer and sundrying. Microwave dehydration 

resulted in maximum retention of ascorbic acid, iron, alkaloid, carbohydrate and 

crude fibre coment of ail the three snecies studied. In S. tor,;um retention of . 



Plate 17. Packages for dehydrated products of S.tOlvum 

Plate 18. Packages for dehydrated products of S.nigrum 





green colour was maxIIDUIp under mIcrowave dehydration. Microwave 

dehydration also resulted in highest rehydration ratio in all the three species. The 

study has clearly revealed that simple pretreatments can bring about significant 

changes in the final quality of even sundried products. Thus the study on the 

dehydration techniques has indicated that the following treatment combination are 

superior compared to the rest in the respective species~ 

The treatments foun . superior in S.tolVum were: 

Sundrying 

T3 - Hot water blanching in four per cent brine at 85°C for three minutes. 

T5 - Blanching in one per cent citric acid at 85°C for three minutes. 

T7 - Blanching in 0.5 per cent KMS at 85°C for three minutes. 

Dehydration in cabinet dryer 

T3 - Hot water blanching in four per cent brine at 85°C for three minutes. 

T6 - Blanching in four per cent brine + 0.5 per cent KMS at 85°C for three 

minutes. 

T 7 - Blanching in 0.5 per cent KMS at 85°C for three minutes. 

Dehydration in microwave oven 

T3 - Hot water blanching in four per cent brine at 85°C for three minutes. 

T6 - Blanching in four per cent brine + 0.5 per cent NvlS at 85°C for three 

minutes. 

T7 - Blanching in 0.5 per cent KJ.\1S at 85°C for three minutes. 
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The superior treatments found in S.nigmm were: 

Sundrying 

Tz - Blanching in four per cent brine at 85°C. 

T4 - Blanching in one per cent citric acid at 85°C. 

Ts - Blanching in four per cent brine + 0.5 per cent KMS at 85°C. 

Dehydration in cabinet dryer 

Tz - Blanching in four per cent brine at 85°C. 

T.~ - Blanching in one per cent citric acid at 85°C. 

Ts - Blanching in four per cent brine + 0.5 per cent KMS at 85°C. 

Dehydration in microwave oven 

T3 - Blanching in four per cent brine + one per cent citric acid at 85°C. 

T4 - Blanching in one per cent citric acid at 85°C. 

Ts - Blanching in four per cent brine + 0.5 per cent KMS at 85°C. 

The treatments found superior in N.nucifera were: 

Sundrying 

T4 - Blanching in four per cent brine + one per cent citric acid at 85°C. 

T6 - Blanching in four per cent brine + 0.5 per cent KMS at 85°C. 

T7 - Blanching in 0.5 per cent KMS at 85°C. 

Dehydration in cabinet dryer 

T4 - Blanching in four per cent brine + one per cent citric acid at 85°C. 

Ts - Blanching in one per cent citric acid at 8S°C. 

T6 - Blanching in four per cent brine + 0.5 per cent KMS at 8SoC. 



Dehydration in microwave oven 

Ts - Blanching in one per cent citric acid at 85°C. 

T6 - Blanching in four per cent brine + 0.5 per cent KMS at 85°C. 

T7 - Blanching in 0.5 per cent KMS at 85°C. 

4.2. Packaging and storage studies of dehydrated products of 
S.torvum, S.nigrum and N.nucifera. 

4.2.1. Solanum torvum. 

Out of the eight treatments tried for dl)'ing of S. torvum three treatments 

were selected under each method of dehydration for packaging and storage 

studies based on the overall merits of each process. The ten treatments thus 

selected for the study were as follows: 

Tl - Samples treated with four per cent brine at 85°C and sundried. 

T2 - Samples treated with one per cent citric acid at 85°C and sundried. 

T3 - Samples treated with 0.5 per cent KMS at 85°C and sundried. 

T4 - Samples treated with four per cent brine at 85°C and dehydrated in cabinet 

dryer. 

Ts - Samples treated with four per cent brine + 0.5 per cent KMS at 85°C and 

dehydrated in cabinet dryer. 

T6 - Samples treated with 0.5 per cent KMS at 85°C and dehydrated in cabinet 

dryer. 

T7 - Samples treated with four per cent brine at 85°C and dehydrated in 

microwave oven. 



Ts - Samples treated willi four ~r cem br~e + 0.5 per cent KI'AS at 85°C and 

dehydrated in microwave oven. 

T 9 - Samples treated with 0.5 per cent :ellS at 85°C and dehydrated in 

microwave oven. 

ItO - Control - Samples sund~d without subjecting to any pretreatments. 

The products were packaged in 15 em x 10 em sized bags of polypropylene 

80 gauge, polyethylene 100 gauge, polyethylene 150 gauge and polyethylene 200 

gauge and stored for a period of six months (plate 17). The dehydrated produe'"..5 

of vegetables available in the market are usually packaged in films of polyethylene 

and polypropylene. These transparent flexible packages maximise the use of 

available pad:aging space and are also comparatively cheaper than the other 

packaging films like aluminium foil, cellophane etc. The properties of plastic 

films which influence the storage stability are sealing, shrinking, stretching, 

permeability to gases and water vapour, transparency, gloss and adhesion of 

printing inks (PeIeg, 1985). Thus to assess the efficacy of the commonly used 

polymeric films, the above packages rIICftSeleted for the study. 

4':.1.1. Weight gain in packuged product during storage. 

The data on weight gain are presented ill Table 16. The results did not 

show any significant variation with respect to weight gain. During the entire 

storage period of six months the weight gain due to moisture absorption was 

almost negiigible in aU the packages for all the treatments. 
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Table 16. Weight gain in dehydrated and packaging products of S. torvum during 
storage 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Weight gain (g) 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Package PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylenet 
----------- ----------------------------------------- ------------------------------------------- ------------- ----------------- -----------------------------------------
Treatments 2 4 6 Mean 2 4 6 Mean 2 4 6 2 4 6 

months months months months months months months months months Mean months months months Mean 
after after after after after after after after after after after after 
storage storage storage storage storage storage storage storage storage storage storage storage 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TI 0.36 0.36 0.37 0.36+ 0.36 0.37 0.36 0.36+ 0.37 0.37 0.35 0.36+ 0.37 0.36 0.37 037+ 

T2 0.18 0.17 0.18 0.18+ 0.18 0.18 0.18 0.18+ 0.18 0.18 0.18 0.18+ 0.17 0.18 0.18 11.18+ 

T3 0.49 0.36 0.37 0.41+ 0.36 0.37 0.37 0.32+ 0.37 0.36 0.37 0.37+ 0.37 0.37 0.37 1.37+ 

T4 0.20 0.19 0.20 0.20+ 0.20 0.20 0.20 0.20+ 0.20 0.20 0.19 0.20+ 0.20 0.20 0.19 020+ 

T5 0.24 0.24 0.23 0.24+ 0.23 0.24 0.24 0.24+ 0.24 0.24 0.24 0.24+ 0.24 0.24 0.23 024+ 

T6 0.19 0.19 0.19 0.19+ 0.19 0.18 0.19 0.19+ 0.19 0.18 0.19 0.19+ 0.19 0.19 0.19 (U9+ 

T7 0.27 0.26 0.27 0.27+ 0.27 0.27 0.27 0.27+ 0.27 0.27 0.27 0.27+ 0.27 0.27 0.27 027+ 

T8 0.32 0.32 0.32 0.32+ 0.32 0.32 0.33 0.32+ 0.32 0.32 0.32 0.32+ 0.32 0.31 0.32 032+ 

T9 0.24 0.25 0.24 0.25+ 0.25 0.25 0.25 0.25+ 0.24 0.24 0.25 0.25+ 0.25 0.25 0.25 025+ 

TlO 0.28 0.28 0.28 0.28+ 0.28 0.28 0.28 0.28+ 0.28 0.28 0.28 0.28+ 0.28 0.28 0.27 028+ 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
+ Not significant 



The lOSS or gain in moisture from the sample was mainly due to water 

vaJX>ur transmission prcperty of plastic films (Dab hade and Kiledkar, 1980). The 

water vapour transmission (at 37.8°C and 90 per cent RH) of polyethylene and 

poljpropyiene are 1.2 - 1.4gi645mm2/24hr and O.S - 0.7gi64Smm2/24hr respectively. 

Specific gravity is one of the most important film attributes. Even small changes 

in specific gravity drastically changes film properties. The specific gravity of low 

density polyethylene and polypropylene is same, i.e. 0.90. Gas transmission rate 

(at 23°C and 50 per cent RH) for polyethylene is SOOcm3/645mm2/24hr and 

90tbn3/64Smm2/24hr respectively for oxygen and carbondioxide (Peleg, 1985). 

When the dehydrated samples were kept in the open without any 

paaaging, the average moisture uptake was 0.02g/g/24hr. The samples became 

vel! soft within one week. This gives an indication of the hygroscopicity of the 

dehydrated product. It is very evident that without the packaging it will not be 

possible to store the material for more than a week. The package acts as an 

effi:ient barrier to the moisture protecting the important properties of the 

dehydrated product and thus imparting the storage stability. Paine and Paine 

(1~) haJllreported that dried foods with 2 - 8 per cent moisture have equilibrium 

relative humidity values in 10 - 30 per cent region. As the humidity of ambient 

air is rarely in this range such fOGd absorbs water vapour freely from the air 

surrounding them. 

From the packaging view point hygroscopicity of dehydrated or dried food 

is 'Very important and is influenced by the moisture content of the product itself 
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(P:uthi, 1978). The initial moist:lre ~ontent .of debydrated products are also very 

imponam '.vith re::;pect to storag~ slubility (3alunlche et ai., 1976). Mahadevaiah 

et al. (1977) conducted packaging studies on pulses and cereal flours and reponed 

that low density polyethylene 250 gauge was suitable for long term storage of 8 -

10 months'vith desired protection against ingress of moisture. ~ also reported 

that product \\1th higher moisture content (13 per cent) stored for short period 

(1::0 days) compared to low moisture food (8.8 per cent) which was stored for 

than 190 days. Kalra et al. (1987) studied the preparation, packaging and storage 

of potato snacks from cold stored potatoes and reported that raw potato snack 

(untried) products packaged in 150 gauge LDPE bags were acceptable upto six 

months storage and might be consumed after deep fat flying. 

The results of the present study indicate that, all the four polymeric film 

packages used were efficient to protect the product for a period of si:~ months as 

far as moisture uptake was concerned. 

4.2 ~.2. Sensory qualities of the pad .. aged produc"':s during storage. 

The results of sensory evaluation of colour, texture and consumer 

acceptability of samples are presented in Tables 17, 18 and 19. Tne statistical 

analysis as per :<...-uskell 'WaHies' one way analysis shov;ed :here was no signific~mt 

variation in colour, texture and consumer acceptability of products packed in 

polypropYlene 80 gauge, polyethylene 100 gauage, polyethylene 150 gauge and 

polyetb.yh~De :CO g::uge. for a pencd of SLX months. 

III 



Tabk ';torage stability of colour of dehydrated and packaged products of 
S. lOrvum 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean score values 

-------------------------------------------------------------------------------------------_._----------------------------------------------------------------------------------------------------
Package PI (80 gauge of polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
---------------- -------------------------------------------------------------------------------------_. ---------------------------------------------------------------------------------------

Treatment'> At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 
time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T] 3.58 3.63 3.63 3.70 3.59 3.59 3.68 3.71 3.56 3.58 3.64 3.68 3.58 3.61 3.65 3.68 

T2 3.33 3.37 3.36 3.45 3.34 3.39 3.43 3.43 3.35 3.35 3.4] 3.44 3.33 3.38 3.37 3.3<' 

T3 3.45 3.48 3.48 3.53 3.47 3.49 3.55 3.51 3.46 3.46 3.49 3.53 3.44 3.47 3.49 3.4l; 

T4 4.80 4.83 4.84 4.88 4.82 4.84 4.83 4.84 4.81 4.87 4.87 4.88 4.82 4.82 4.86 4.89 

T5 4.43 4.45 4.48 4.48 4.42 4.46 4.48 4.49 4.42 4.44 4.47 4.50 4.43 4.46 4.46 4.60 

T5 4.41 4.45 4.45 4.45 4.48 4.20 4.44 4.60 4.50 4.42 4.43 4.48 4.49 4.41 4.42 4.48 

T6 1.50 1.42 1.45 1.45 1.48 1.43 1.44 1.46 1.48 1.42 1.42 1.48 1.51 1.43 1.44 1.46 

T8 1.25 1.27 1.29 1.30 1.25 1.26 1.26 1.29 1.26 1.29 1.26 1.30 1.26 1.26 1.27 1.27 

T9 1.61 1.63 1.63 1.68 1.61 1.64 1.67 1.66 1.66 1.63 1.61 1.63 1.66 1.68 1.68 1.68 

TIO 3.65 3.67 3.68 3.72 3.64 3.67 3.67 3.71 3.65 3.68 3.69 3.73 3.66 3.66 3.71 3.71 
------------------------------________________________ ----------------------------------------------___ -0 __ - _______________________________________________________________________________________ 

Note: All figures are not significantly different 
Score: 1. Light green, 2. Brownish green, 3. Yellowish green, 4. Brown, 

5. Burnt appearance 



The shelf life of a dehydrated food like any other food product depends 

on a number of factors some of which can be influenced by packaging and others 

not. These factors are (1) moisture uptake, (2) oxygen, (3) flavour contamination 

and (4) mechanical damage. The maintenance of dry state is of two fold 

importance. The major deteriorative chemical reaction in dehydrated food 

(notably non-enzymatic browning) is retarded at very low moisture level (Murthi, 

1982). The moisture content of dehydrated fruits of S. t01vum was low ie. 7 ± 

1 per cent. So this may be the probable reason for the stability in colour during 

the storage period. Mahadevaiah et ai. (1976) conducted packaging and storage 

studies on dried,ground and whole chillies (Capsicum annum) in flexible 

consumer packages and reported that the colour values in chilli powder had 

decreased with increase in moisture content. The storage stability in texture and 

consumer acceptability may also due to the low moisture content of dehydrated 

products. 

As far as packages were concerned there was no significant changes 

between different packages viz., polypropylene 80 gauge, polyethylene 100gauge, 

polyethylene 150 gauge, and polyethylene 200 gauge. Eventhough thinner films 

like polypropylene 80 gauge, polyethylene 100 gauge have less gas and moisture 

barrier property compared to the other two, it did not influence the coiour, 

texture and consumer acceptability upto six months, indicating that the product 

was stable under the protection of different packages. Veenakumari (1992) 

studied packaging and storage of dehydrated bittergourd sIic~s in polyethylene 



Table 18. Storage stability of texture of dehydrated and packaged products of 
S.lOrvum 

------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean score values 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Packages PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
-------------- ------------------------------------------ ------------------------------------------- --------------------- -----------------------------------------------------------------
Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 

time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after sotrage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T1 2.75 2.79 2.81 2.83 2;68 2.68 2.70 2.73 2.74 2.75 2.75 2.75 2.73 2.79 2.82 2.86 

T2 2.63 2.68 2.68 2.70 2.63 2.63 2.69 2.70 2.68 2.72 2.76 2.77 2.65 2.66 2.68 2.71 

T3 2.68 2.73 2.78 2.81 2.65 2.70 2.70 2.74 2.72 2.77 2.83 2.83 2.64 2.64 2.69 'I ~~ 
~. ,'.' 

T~ 2.51 2.54 2.54 2.62 2.57 2.58 2.59 2.66 2.56 2.59 2.63 2.66 2.60 2.68 2.72 2.72. 

1'5 2.98 3.01 3.04 3.05 2.98 2.98 3.03 3.06 2.81 2.85 2.89 2.94 2.88 2.92 2.92 2.94 

T6 2.73 2.73 2.78 2.80 2.75 2.76 2.77 2.77 2.75 2.80 2.81 2.83 2.81 2.83 2.85 2.88 

T7 2.13 2.16 2.21 2.22 2.10 2.11 2.15 2.18 2.18 2.20 2.22 2.25 2.12 2.15 2.16 2.20 

T8 2.25 2.30 2.31 2.34 2.28 2.28 2.28 2.30 2.30 2.20 2.26 2.28 2.32 2.21 2.22 2.27 

T9 2.25 2.30 2.31 2.32 2.25 2.31 2.31 2.31 2.28 2.30 2.36 2.40 2.27 2.30 2.34 2.35 

TlO 2.51 2.56 2.61 2.63 2.50 2.53 2.57 2.61 2.53 2.56 2.58 2.61 2.54 2.54 2.59 2.60 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Note: All figures are not significantly different 
Score: l. Very crisp, 2. Moderately crisp, 3. Neither crisp nor hard. 4. Hard, 

5. Very hard 



Table 19. Consumer acceptability of dehydrated and packaged products of 
s. torvum during storage 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean score values 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Package PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
-------------- ------------------------------------------ ------------------------------------- ------------------------------------------ -----------------------------------------~ 
Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 

time of months months months time of months months months time of months months months time of months months monfu 
storage after after after storage after after after storage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storagf 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TI 1.78 1.79 1.82 1.84 1.76 1.76 1.82 1.83 1.76 1.81 1.84 1.86 1.83 1.85 1.86 1.90 

T2 2.02 2.07 2.07 2.10 2.11 2.11 2.13 2.13 2.05 2.09 2.12 2.13 1.98 1.98 2.00 2.00 

T3 2.15 2.18 2.21 2.22 2.05 2.09 2.11 2.15 2.23 2.26 2.28 2.30 2.23 2.23 ...;5 2.29 

T4 1.78 1.80 1.82 1.82 1.81 1.81 1.84 1.86 1.81 1.83 1.85 1.89 1.78 1.78 1.78 1.80 

T5 1.65 1.68 1. 71 1.73 1.64 1.64 1.69 1.71 1.75 1.76 1.77 1.79 1.71 1.76 1.79 1.82 

T6 1.85 1.85 1.89 1.90 1.74 1.74 1.74 1.79 1.78 1.82 1.83 1.86 1.79 1.80 1.81 1.81 

T7 1.82 1.87 1.91 1.92 1.74 1.74 1.79 1.84 1.70 1.75 1.82 1.84 1.74 1.75 1.80 1.82 

T8 2.11 2.12 2.15 2.15 2.13 2.14 2.15 2.20 2.15 2.18 2.21 2.24 2.15 2.19 2.22 2.22 

T9 2.18 2.22 2.22 2.25 2.22 2.25 2.29 2.32 2.25 2.27 2.27 2.32 2.28 2.30 2.35 2 .. 

TW 2.51 2.53 2.58 2.62 2.53 2.59 2.62 2.67 2.56 2.56 2.59 2.58 2.58 2.60 2.60 2., 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------_.-
Note: All figures are not significantly different 
Score: 1. Acceptable fully, 2. Acceptable some what, 

3. Neither acceptable nor unacceptable, 4. Unacceptable some what 
5. Not acceptable 



bags of 150, 300, 450, and 600 gauges and polypropylene 100 gauge and found 

that polyethylene 600 gauge and polypropylene 100 gauge were efficient upto 

three months of storage. 

In the present study S. t011JUm were packaged with a moisture content of 

7 ± 1 per cent. At this level the product stood stable for six months in all the 

packages tried. When the moisture content is slightly higher (say eight or nine 

per cent) it will result in a better recovery value and shorter process time. This 

will reduce the cost of production and increase profitability of the product. 

However, microbiological stability of the product is also to be worked out before 

finalising the ultimate moisture content for the product. Murthi (1982) reported 

that the fundamental function of drying as a method of food preservation was to 

inhibit the growth of microorganisms. 

4.2.2. Solanum nigrum. 

Out of the eight treatments tried for drying of S. nigmm three treatments 

were selected under each method of dehydration for packaging and storage 

studies based on the overall merits of each process. The ten treatments thus 

selected for the study were as follows: 

Tl - Samples treated with four per cent brine at 85°C and sundried. 

Tz - Samples treated with one per cent citric acid at 85°C and sundried. 

T3 - Samples treated with 0.5 per cent KMS at 85°C and sundried. 



T4 - Samples treated with four per cent brine at 85°C and dehydrated in cabinet 

dryer. 

T5 - Samples treated with one per cent citric acid at 85°C and dehydrated in 

cabinet dryer. 

T6 - Samples treated with 0.5 per cent KMS at 85°C and dehydratedin cabinet 

dryer. 

T7 - Samples treated with four per cent brine + one per cent citric acid at 85°C 

and dehydrated in microwave oven. 

T 8 - Samples treated with one per cent citric acid at 85°C and dehydrated in 

microwave oven. 

T 9 - Samples treated with 0.5 per cent KMS at 85°C and dehydrated in microwave 

oven. 

TlO - Control ( samples sun dried without any pretreatments). 

The products were packaged in 15 em x 10 em sized polypropylene 80 

gauge, polyethylene 100 gauge, polyethylene 150 gauge and polyethylene 200 

gauge and stored for a period of six months (plate 18). 

4.2.2.1. Weight gain in packaged product during storage. 

The data on weight gain are presented in Table 20. The results did not 

show any significant variation with respect to weight gain. During the entire 

storage period of six months the weight gain due to moisture absorption was very 

less in all the packages viz., 80 gauge polypropylene, 100 gauge polyethylene, 150 

l' I 



:-ab!\:! 20. Weight gain in dehydrated and packaged products of S. nigrum during 
storage 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Weight gain (g) 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Packages PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
------------- ----------------------------------------- ------------------------------------------ ------------------------------------- -------------------------------------------
Treatments 2 4 6 Mean 2 4 6 Mean 2 4 6 Mean 2 4 6 Mean 

months months months months months months months months months months month months 
after after after after after after after after after after after after 
storage storage storage storage storage storage storage storage storage storage storage storage 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T 
1 

0.22 0.22 0.21 0.22+ 0.22 0.21 0.21 0.21 + 0.21 0.21 0.22 0.21 + 0.21 0.22 0.22 0""-+ .k 

T2 0.38 0.39 0.39 0.39+ 0.39 0.39 0.39 0.39+ 0.39 0.38 0.39 0.39+ 0.39 0.39 0.39 J.j~ + 

T~ 0.36 0.37 0.37 0.37+ 0.37 0.37 0.37 0.37+ 0.37 0.37 0.37 0.37+ 0.37 0.37 0.37 0.37+ 

T4 0.18 0.19 0.19 0.19+ 0.10 0.19 0.19 0.19+ 0.19 0.19 0.19 0.19+ 0.19 0.19 0.19 0.19+ 

T5 0.23 0.24 0.24 0.24+ 0.24 0.24 0.24 0.24+ 0.24 0.23 0.24 0.24+ 0.23 0.23 0.23 0.23+ 

T6 0.28 0.28 0.27 0.28+ 0.28 0.28 0.28 0.28+ 0.28 0.28 0.28 0.28+ 0.28 0.28 0.28 0_: -

T7 0.27 0.26 0.26 0.26+ 0.27 0.26 0.27 0.27+ 0.26 0.26 0.27 0.27+ 0.27 0.27 0.27 0.27+ 

T8 0.24 0.23 0.23 0.23+ 0.24 0.24 0.24 0.24+ 0.23 0.23 0.23 0.24+ 0.24 0.24 0.24 0.24+ 

T9 0.24 0.25 0.24 0.24+ 0.25 0.24 0.25 0.25+ 0.24 0.24 0.24 0.24+ 0.24 0.25 0.24 0.24+ 

TIO 0.27 0.26 0.27 0.27+ 0.:7 0.27 0.27 0.27+ 0.26 0.27 0.27 0.27+ 0.27 0.27 0.27 0.27+ 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
+ Not significant 



gauge polyethylene and 200 gauge polyethylene for all the treatments. 

The same result was obtained in Solanum tOlVum also. In S. nignlm the 

moisture content of fruits was 7 ± 1 per cent as in the case of S. tOlVllm. Hence 

the storage stability of dehydrated product of S. nigrnm with respect to weight 

gain was as justified with the explanation already given under 4.2.1.1. When the 

dehydrated samples kept in open without any packaging the average moisture 

uptake was 0.03g!g!24hr. The samples became very soft within one week. This 

moisture uptake was almost similar to that of unpackaged samples of S. t01vum 

This trend again shows that the dehydrated products are highly hygroscopic in 

nature and which requires protection from the ingress of moisture from the 

surrounding atmosphere. This trend has been justified as under 4.2.1.1. 

4.2.2.2. Sensory qualities of the dehydrated product during storage. 

The results of sensory evaluation of colour, texture and consumer 

acceptability of samples are presented in Tables 21, 22 and 23. The statistical 

analysis as per Kruskell Wallies' one way analysis showed that there was no 

significant change in colour, texture and consumer acceptability of products 

packed in polypropylene 80 gauge, polyethylene 100 gauge, polyethylene 150 

gauge and polyethylene 200 gauge for a period of six months. The same result 

was obtained in S. tOlVum also. This indicated that the colour, texture and 

consumer acceptability were sufficiently protected by the four packages used for 

study. Moreover the moisture content was similar to that of S. tOlVum ie. 7± 1 

, . .. ~' 



Table 21. Storage stability of colour of dehydrated and packaged products of 
:1. nigrum 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mean score values 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3ckages PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
---------------- --------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
Tre~tmems At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 

time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storages after after after stages after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
--------------------------------------------------------------------------------------------------------.-------------------------------------------------------------------------------------------

T1 3.61 3.63 3.64 3.66 3.61 3.61 3.61 3.64 3.63 3.64 3.67 3.71 3.62 3.62 3.64 3.69 

3.22 3.23 3.26 3.29 3.20 3.25 3.26 3.30 3.21 3.22 3.23 3.25 3.21 3.22 3.24 3.24 

T 3.31 3.35 3.35 3.38 3.31 3.34 3.34 3.36 3.30 3.31 3.33 3.35 3.32 3.32 3.34 3.36 

T4 3.10 3.13 3.14 3.18 3.13 3.14 3.17 3.20 3.73 3.14 3.14 3.15 3.11 3.11 3.13 3.16 

TS 3.11 3.12 3.15 3.19 3.12 3.12 3.14 3.16 3.14 3.17 3.20 3.20 3.12 3.15 3.16 3.17 

T6 3.15 3.17 3.19 3.20 3.16 3.16 3.18 3.19 3.15 3.18 3.20 3.23 3.15 3.15 3.15 3.16 

T7 4.31 4.32 4.35 4.36 4.35 4.36 4.36 4.37 4.39 4.35 4.40 4.41 4.32 4.35 4.36 4.40 

T8 4.71 4.73 4.75 4.79 4.74 4.74 4.76 4.79 4.71 4.71 4.75 4.76 4.73 4.75 4.79 4.80 

T9 4.62 4.64 4.66 4.66 4.62 4.62 4.64 4.66 4.62 4.63 4.65 4.67 4.63 4.64 4.64 4.68 

T1;) 3.75 3.76 3.79 3.80 3.75 3.75 3.79 3.80 3.76 3.77 3.78 3.81 3.75 3.78 3.82 3.82 
------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------

. ~ote: All figures are not significantly different 
Score: 1. Light green. 2. Brownish green, 3. Yellowish brown, 4. Brown, 

5. Burnt appearance 



Table 22. Storage stability of texture of dehydrated and packaged products of 
S. nigrum 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Me:m score values 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Packages PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
-------------- -------------------------------------------------------------------------------------_. ------------------------------------------ --------------------------------------------

Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 
time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Tl 2.75 2.77 2.77 2.50 2.75 2.76 2.78 2.81 2.76 2.79 2.79 2.80 2.79 2.83 2.84 2.84 

T2 2.68 2.69 2.72 2.74 2.69 2.71 2.73 2.74 2.70 2.72 2.74 2.76 2.70 2.71 2.74 2.77 

T3 2.51 2.53 2.54 2.57 2.50 2.52 2.53 2.56 2.51 2.53 2.54 2.55 2.51 2.52 2.55 2.55 

T4 3.25 3.26 3.27 3.27 3.25 3.27 3.28 3.29 3.26 3.29 3.29 3.24 3.25 3.27 3.25 3.28 

T5 3.33 3.35 3.35 3.37 3.33 3.36 3.38 3.38 3.32 3.34 3.36 3.37 3.34 3.34 3.36 3.37 

T6 3.41 3.43 3.45 3.46 3.44 3.45 3.47 3.48 3.42 3.44 3.45 3.45 3.43 3.45 3.46 3. 

T7 1.75 1.77 1.77 1.79 1.74 1.76 1.78 1.79 1.74 1.78 1.79 1.79 1.73 1.74 1.76 1.77 

T8 1.65 1.66 1.67 1.67 1.68 1.69 1.72 1.73 1.65 1.66 1.67 1.69 1.66 1.67 1.68 1.70 

T9 1.84 1.85 1.88 1.88 1.84 1.86 1.87 1.88 1.86 1.87 1.88 1.90 1.87 1.87 1.89 1.90 

TIO 2.13 2.14 2.14 2.16 2.14 2.15 2.16 2.17 2.15 2.17 2.18 2.18 2.15 2.16 2.17 2.19 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Note: All figures are not significantly different 
Score: 1. Very crisp, 2. Moderately crisp, 3. Neither crisp or hard, 4. Hard, 

5. Very hard 



per cent. This would have attributed to the storage stability of the above sensory 

qualities. While discussing the sensory qualities of packaged products of S. 

torvum this trend has been explained. 

4.2.3. He/umbo nucifera. 

Out of eight treatments tried for drying of N. nucifera three treatments 

were selected under each method of dehydration for packaging and storage 

studies based on the overal merits of each process. The ten treatments thus 

selected for the study were as follows: 

Tl - Samples treated with four per cent brine + one per cent citric acid at 85°C 

and sundried. 

Tz - Samples treated with four per cent brine + 0.5 per cent KMS at 85°C and 

sundried. 

T3 - Samples treated with 0.5 per cent KMS at 85°C and sundried. 

T4 - Samples treated with four per cent brine + one per cent citric acid at 85°C 

and dehydrated in cabinet dryer. 

Ts - Samples treated with one per cent citric acid at 85°C and dehydrated in 

cabinet dryer. 

T6 - Samples treated with four per cent brine + 0.5 per cent KMS at 85°C and 

dehydrated in cabinet dryer. 

T7 - Samples treated with one per cent citric acid at 85°C and dehydrated in 

microwave oven. 



Taole 23. Consumer acceptability of dehydrated and packaged products of S. nigrum 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mean score values 
______________________________________________________ -------------------------------------------____ -_0--_-_______________________________________________________________________________________ 

Packages PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
--------------- -------------------------------------------------------------------------------------_. ---------------------------------------------------------------------------------------
Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 

time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T1 2.66 2.66 2.68 2.70 2.66 2.67 2.68 2.69 2.67 2.69 2.69 2.72 2.68 2.70 2.70 2.72 

T2 2.48 2.49 2.51 2.53 2.49 2.49 2.52 2.54 2.49 2.51 2.51 2.53 2.48 2.49 2.51 2.54 

T3 2.53 2.54 2.56 2.57 2.53 2.53 2.55 2.56 2.51 2.52 2.54 2.55 2.52 2.54 2.55 2.56 

T4 2.13 2.14 2.16 2.17 1.25 2.16 2.17 2.18 2.15 2.16 2.18 2~18 2.14 2.15 2.17 2.18 

T5 2.15 2.16 2.16 2.19 2.16 2.17 2.17 2.19 2.17 2.19 2.19 2.20 2.15 2.15 2.17 2.18 

T6 2.25 2.26 2.28 2.29 2.20 2.21 2.23 2.24 2.21 2.22 2.24 2.25 2.22 2.21 2.24 2.25 

T7 1.85 1.86 1.87 1.89 1.85 1.88 1.88 1.90 1.86 1.88 1.90 1.91 1.86 1.86 1.89 1.90 

T8 1.95 1.97 1.99 2.01 1.94 1.94 1.96 2.00 1.95 1.93 1.96 1.99 1.96 1.96 1.98 1.98 

T9 1.75 1.76 1.77 1.79 1.75 1.77 1.75 1.80 1.73 1.74 1.76 1.77 1.74 1.78 1.79 1.80 

TlO 2.12 2.13 2.15 2.15 2.15 2.15 2.19 2.19 2.13 2.12 2.18 2.17 2.16 2.18 2.19 2.2C 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ite: All figure~ are not significantly different 
..J.:ore: 1. Acceptable fully, 2. Acceptable some what. 

3. Neither acceptable nor unacceptable, 4. '- __ pillble some what 
5. Not acceptable 

. 
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T8 - Samples treated with four per cent brine + 0.5 per cent KMS at 85°C and 

dehydrated in microwave oven. 

T9 - Samples treated with 0.5 per cent KMS at 85°C and dehydrated in 

microwave oven. 

TlO - Control ( Samples sundried without blanching). 

The dehydrated products were packaged in 15 cm x 10 em sized bags of 

polypropylene 80 gauge, polyethylene 100 gauge, polyethylene 150 gauge and 

polyethylene 200 gauge (plate 19). 

4.2.3.1. Weight gain in packaged product during storage. 

The data on weight gain are presented in Table 24. The results did not 

show any significant variation with respect to weight gain. During the entire 

storage period of six months the weight gain due to moisture absorption was 

almost negligible in all packages for all the treatments. The same result was 

obtained in S.nigrum and S.t01vum also. In N.nucifera too the moistre content 

of dehydrated products was low ie.7 ± 1 per cent. The storage stability of 

dehydrated products with respect to moisture content has already been explained 

under 4.2.1.1. 

When the samples were kept in open without any packaging the average 

moisture uptake was 0.06g!g!24hr. This was almost double to that of S.t01vum and 

S. nigntm. In S. t01vum and S. nigntm the fruit skin may reduce the rate of 

moisture absorption. Moreover, stolon slices are highly porous in nature. They 

1~.1 



Table 24. Weight gain in dehydrated and packaged products of N. nucifera during 
storage 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Weight gain (g) 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Packages PI (80 gauge polypropylene) P2 (l00 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
--------------- ------------------------------------------ -------------------------------------------- ----------------------------------------- ------------------------------------------
Treatments 2 4 6 Mean 2 4 6 Mean 2 4 6 Mean 2 4 6 Mean 

months months months months months months months months months months months months 
after after after after after after after after after after after after 
storage storage storage storage storage storage storage storage storage storage storage storage 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T1 0.14 0.14 0.14 0.14+ 14 0.14 0.14 0.14+ 0.14 0.14 0.14 0.14+ 0.14 0.14 0.14 0.14+ 

T2 0.23 0.23 0.23 0.23+ 0.23 0.23 0.23 0.23+ 0.23 0.23 0.23 0.23+ 0.23 0.23 0.23 0.23+ 

T3 0.19 0.19 0.19 0.19+ 0.19 0.19 0.19 0.19+ 0.19 0.19 0.19 0.19+ 0.10 0.19 0.19 0.19+ 

T4 0.36 0.36 0.36 0.36+ 0.35 0.36 0.36 0.36+ 0.36 0.36 0.36 0.36+ 0.36 0.36 0.36 0.36+ 

T5 0.38 0.39 0.39 0.39+ 0.39 0.38 0.38 0.38+ 0.39 0.39 0.39 0.39+ 0.39 0.38 0.39 0.39+ 

T6 0.38 0.38 0.38 0.38+ 0.37 0.37 0.38 0.38+ 0.38 0.38 0.37 0.38+ 0.38 0.38 0.38 0.38+ 

T7 0.55 0.55 0.54 0.55+ 0.55 0.55 0.55 0.55+ 0.54 0.54 0.55 0.55+ 0.55 0.54 0.55 0.55+ 

T8 0.51 0.51 0.52 0.52+ 0.52 0.54 0.52 0.52+ 0.52 0.52 0.51 0.52+ 0.52 0.51 0.52 0.52+ 

T9 0.32 0.32 0.33 0.32+ 0.33 0.33 0.32 0.33+ 0.33 0.33 0.33 0.33+ 0.33 0.33 0.32 0.33+ 

TlO 0.56 0.56 0.57 0.56+ 0.56 0.57 0.57 0.57+ 0.57 0.57 0.56 0.57+ 0.57 0.56 0.57 0.57+ 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
+ Not significant 

''I 



contain small holes in the centre as well as in the periphery. Thus the surface 

area exposed to air became more as compared to the other two species. This 

may be the reason for high moisture uptake in N. nucifera compared to S. ton'urn 

and S. nigrurn. However, the four packages used in the experiment were good 

enough to offer the required protection from moisture. 

4.2.3.2. Sensory qualities of packaged products during storage. 

The results of sensory evaluation of colour, texture and consumer 

acceptability of samples are presented in Tables 25, 26 and 27. The statistical 

analysis as per Kruskell Wallies' one way analysis showed that there was no 

significant variation in colour, texture and consumer acceptability of products 

packed in polypropylene 80 gauge, polyethylene 100 gauge, polyethylene 150 

gauge and polyethylene 200 gauge for a period of six months. The same result 

was obtained in the other two species. This indicates that the effect of packaging 

was almost similar between the four packages for storing the products for a period 

of six months without much deterioration in qualities like colour, texture and 

consumer acceptability. In N. nucifera also the products were packaged with an 

initial moisture content of 7 ± 1 per cent. Eventhough they were more hygroscopic 

than the other two species all the four packages were efficient to protect the 

product from the absorption of moisture. This justified the suitability of the four 

polymeric films for a storage period of six months as explained under 4.2.1.2. The 

present study revealed that polypropylene 80 gauge could be used for packaging 

the dehydrated prod\lcts considering the minimuJA value addition involved in the 



Plate 19. Packages for dehydrated products of N.nucifera 

Plate 20. Coconut oil fried products of S.toTVum subjected 
to different dehydration procedures 
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Table 25. St~r<lge stability of colour of dehydrated and packaged products of 
f.r ucifem 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean score values 

---- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Par '.g.es PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
--------------- --------------------------------------------------------------------------------------~ ---------------------------------------------------------------------------------------

Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 
time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T1 4.11 4.14 4.10 4.20 4.12 4.12 4.14 4.18 4.13 4.16 4.17 4.17 4.11 4.15 4.20 4.23 

T2 3.40 3.45 3.46 3.49 3.50 3.50 3.51 3.57 3.45 3.46 3.50 3.53 3.46 3.50 3.51 3.57 

T3 4.20 4.24 4.28 4.29 4.22 4.23 4.23 4.26 4.20 4.28 4.32 4.21 4.25 4.26 4.30 4.31 

T4 3.95 4.00 4.01 4.03 3.96 3.97 3.97 4.00 3.96 4.01 4.07 4.10 3.97 4.02 4.03 4.04 

T5 3.81 3.85 3.88 3.92 3.85 3.88 3.88 3.88 3.82 3.82 3.86 3.91 3.83 3.88 3.90 3.93 

T6 4.25 42.9 4.32 4.34 4.26 4.26 4.28 4.28 4.26 4.30 4.31 4.34 4.37 4.34 4.34 4.36 

T7 3.85 3.90 3.91 3.91 3.86 3.87 3.87 3.92 3.86 3.90 3.91 3.93 3.87 3.87 3.88 3.91 

T8 3,43 3,46 3,49 3.51 3.45 3.50 3.53 3.56 3.46 3.48 3.52 3.54 3.41 3.41 3.44 3.48 

T9 4.10 4.12 4.12 4.16 4.11 4.18 4.16 4.19 4.11 4.13 4.17 4.22 4.11 4.14 4.18 4.18 

TlO 4.83 4.86 4.90 4.92 4.85 4.88 4.91 4.94 4.85 4.90 4.92 4.93 4.83 4.85 4.85 4.89 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Note: All figures are not significantly different . 
Score: 1. Cream, 2. Whitish yellow, 3. Yellow, 4. Yellowish brown, 5. Light brown 



Table 26. Storage stability of texture of dehydrated and packaged products of 
N. nucifera during storage 

----.-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean score values 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Package PI (80 gauge polypropylene) P2 (100 gauge polyethvlene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylelle) 
--------------- --------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 

time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storage after after after storage after after afte:-

storage storage storage storage storage storage storage storage storage storage storage storag' 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------,--

Tl 4.25 4.28 4.31 4.34 4.30 4.32 4.38 4.41 4.28 4.29 4.32 4.36 4.26 4.30 4.33 4.::_ 

T2 3.85 3.88 3.91 3.93 3.90 3.92 3.95 3.99 3.88 3.93 3.98 4.01 3.88 3.88 3.88 J.91 

T3 3.99 4.03 4.03 4.06 3.99 4.01 4.04 4.10 4.00 4.02 4.02 4.05 3.98 :';.99 4.()4 4.04 

T4 4.11 4.14 4.16 4.16 4.15 4.16 4.18 4.18 4.15 4.17 4.17 4.20 4.13 4.14 4.16 4.19 

T5 3.75 3.76 3.78 3.79 3.77 3.77 3.77 3.80 3.77 3.81 3.82 3.82 3.80 3.80 3.81 3.8L 

T6 4.15 4.18 4.19 4.21 41.6 4.17 4.21 4.21 4.15 4.16 1.46 4.18 4.16 4.19 4.21 4.22 

T7 4.21 4.24 4.25 4.28 4.20 4.21 4.25 4.26 4.25 4.30 4.31 4.33 4.22 4.25 4.28 4.32 

T8 4.00 4.03 4.06 4.06 4.05 4.05 4.06 4.06 4.03 4.04 4.09 4.11 4.05 4.09 4.10 4.Ie 

T9 4.28 4.31 4.32 4.34 4.30 4.31 4.33 4.33 4.30 4.34 4.35 4.38 4.31 4.32 43:' J '), 
... .J_ 

T10 3.85 3.88 3.90 3.91 3.88 3.88 3.93 3.94 3.81 3.82 3.85 3.88 3.85 3.85 3.86 .).6(· 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Note: All figures are not significantly different 
Score: 1. Very crisp, 2. Moderately crisp, 3. Neither crisp nor hard, 4. Hard, 

5. Very hard 



Table 27. Con~ ler acceptability of dehydrated and packaged products of 
N. nuclcra during sotrage 

--------------------------------------------------------------------------------------------------------._-----------------------------------------------------------------------------------------

Mean score values 
---- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Packages PI (80 gauge polypropylene) P2 (100 gauge polyethylene) P3 (150 gauge polyethylene) P 4 (200 gauge polyethylene) 
--------------- --------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
Treatments At the 2 4 6 At the 2 4 6 At the 2 4 6 At the 2 4 6 

time of months months months time of months months months time of months months months time of months months months 
storage after after after storage after after after storage after after after storage after after after 

storage storage storage storage storage storage storage storage storage storage storage storage 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T1 1.51 1.55 1.57 1.60 1.51 1.52 1.53 1.53 1.50 1.56 1.56 1.58 1.49 1.52 1.55 1.57 

T2 1.68 1.69 1.73 1.77 1.69 1.69 1.74 1.74 1.70 1.72 1.74 1.77 1.71 1.73 1.75 1.78 

T3 1.65 1.68 1.68 1.70 1.64 1.67 1.70 1.71 1.64 1.65 1.68 1.68 1.66 1.67 1.69 1.69 

T4 1.23 1.25 1.26 1.29 1.22 1.24 1.26 1.28 1.23 1.26 1.27 1.29 1.24 1.26 1.28 1.30 

T5 1.45 1.46 1.48 1.49 1.44 1.47 1.48 1.51 1.43 1.46 1.46 1.50 1.45 1.48 1.50 1.50 

T6 1.51 1.56 1.57 1.58 1.50 1.53 1.54 1.57 1.52 1.54 1.56 1.58 1.51 1.52 1.55 1.57 

T7 1.35 1.38 1.38 1.40 1.34 1.37 1.38 1.38 1.36 1.38 1.39 1.41 1.36 1.39 1.39 1.40 

T8 1.85 1.87 1.88 1.89 1.84 1.86 1.86 1.89 1.84 1.57 1.88 1.90 1.85 1.88 1.89 1.91 

T9 1.65 1.67 1.69 1.73 1.64 1.66 1.68 1.72 1.66 1.68 1.68 1.70 1.67 1.69 1.71 1.72 

TIO 2.31 2.33 2.36 2.38 2.30 2.34 2.36 2.37 2.32 2.34 2.38 2.39 2.31 2.34 2.37 2.37 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Note: All figures are not significantly different 
Score: 1. Acceptable fully, 2. Acceptable some what 

3. Neither acceptable nor unacceptable, 4. Unacceptable some what 
5. Not acceptable 



packaging. The average weight of 15 em x 10 em sized bags of polypropylene 80 

gauge, polyethylene 100 gauge, polyethylene 150 gauge and polyethylene 200 

gauge were 0.913 g, 1.791 g, 1.839 g and 1.899 g respectively. The market price 

of one kg polypropylene or polyethylene covers was Rs. 86/- and Rs. 90/-

respectively. Thus, polypropylene 80 gauge was the cheapest of all the packages 

studied. 

4.3. Sensory evaluation of hot oil fried dehydrated samples of 
S.torvum,S.nigrum and N.nucifera. 

4.3.1. Solanum torvum. 

Dehydrated fruits of S. torvum after frying in coconut oil medium were 

tasted and evaluated by a panel of ten semi trained judges. They were asked to 

score for taste, colour and overall acceptability using a nine point Hedonic scale 

ranging from "Like extremely" to "Dislike extremely". The score values awarded 

by the panel of judges were statistically analysed. Results of analysis as per 

Kruskell Wallies' one way analysis are presented in Table 28. 

4.3.1.1. Taste. 

Results of analysis showed that there was significant difference between the 

dehydration methods with respect to the taste of the product (Fig. 15). Lowest 

score (4.16) of microwave oven dehydrated products showed that it was superior 

over sundried and cabinet dryer product. 

Decareau (1984) reported that when matter ... vas treated with microwaves, 



Table 28. Sensory evaluation of coconut oil fried products of S. lun'llln 
.. ----_ .................................. -_ ................... -_ ...... -_ ......... _ ............................................... _ ...................... _ ............ _ ................................... -- ...................................................... -

Methods of dehydration 
T re at --------------------------------------------------------------------------------------------------------------------------
ments Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 

net wave net wave net wave 
dryer oven dryer oven dryer oven 

.... _ .. -_ ........................................................... ---- ..... --- -- ----- ... - ..... ------ .. _-_ .... _---- ....... ------- .. - ........ -- --- ... _ .. ---_ .. - ......... _----- .. 

Taste (score) Colour (score) Overall acceptability(score) 
.................................. -- -_ .............................. - .................................................... -- -_ .......... ------_ .. - ........ -----_ ......................................... -_ ...... -_ ..... --_ ........................ -

TI 4.83 5.00 4.50 4.78 4.16 3.50 4.50 4.05 4.66 4.33 4.83 4.61 

Tz 5.66 4.83 4.66 5.05 5.83 4.50 4.50 4.94 5.33 4.83 5.00 5.0S 

T3 4.50 4.00 3.66 4.05 4.16 4.00 3.83 4.00 4.66 3.66 3.33 3.88 

T. 4.16 4.33 3.33 3.94 4.83 5.16 4.00 4.66 S.OO 4.00 3.83 4.28 

T3 4.33 4.66 3.83 4.27 4.16 4.33 4.16 4.22 4.33 4.33 3.83 4.16 

T6 4.83 5.00 4.16 4.66 4.33 5.00 4.66 4.66 5.00 4.83 4.33 4.72 

T7 4.00 3.50 4.16 3.89 4.16 3.16 4.50 3.94 4.00 3.66 4.00 3.89 

Ta 6.16 7.33 5.00 6.16 3.66 7.33 6.S0 5.83 4.60 7.33 5.00 5.64 
.. --_ ..... -_ ......................... - ............................... _ ................ -- -- .......................................................... ---_ ....... --_ ....................................................................... _ ............... _ .............. - ....... 

Mean 4.81 4.83 4.16 

H* for 
Treatments 
Dehydration methods 

35.67 
7.73 

4.41 4.62 4.58 

24.48 
NS 

4.70 4.62 4.27 

34.52 
NS 

H* - Kruskell Wallies Statistic 
Hedonic scale for sensory evaluation 
1. like extremely, 2. like very much, 3. like moderately, 4. like slightly, S. neither like nor dislike. 
6. dislike slightly, 7. dislike moderately, 8. dislike velY much. 9. dislike extremely 



heat generated deep within the material and not at the surface only. This 

resulted in shorter processing times, higher yield and better quality than 

conventional techniques. Microwave food had a different taste compared to 

conventionally cooked foods (Anon, 1985). Ruello (1987) reported that the fast 

cooking times of microwaves resulted in better retention of volatile substances and 

microwaved food had taste quite different from conventionally cooked food. The 

present findings also support this view. 

Patil et al. (1978) have reported that fenugreek dehydrated in cabinet dryer 

was more acceptable than sundried product. Mudahar and Bains (1982) studied 

dehydration process in mushroom and reported that mushroom dehydrated in 

cabinet dryer with through hot air flow was superior to sundried mushroom. The 

present findings also support this view. 

The pretreatments also varied significantly for taste (Fig. 16). All products 

except the unblanched products were found in the acceptable range for taste 

(score 1 to 5). The treatment T7 (0.5 per cent KMS at 85°C) received the lowest 

score (3.89) and was adjudged as the best treatment with respect to taste. It was 

followed by T4 (four per cent brine + one per cent citric acid at 85°C) and T3 

(four per cent brine at 85°C) as indicated by the low scores of 3.94 and 4.05 

respectively. Taste of products dehydrated without giving any pretreatment (Ts) 

was very poor as indicated by the highest score of 6.16 (Dislike slightly). 

Mulay et al. (1994) studied the effect of pretreatments on quality of 



Fig.iS. Effect of dehydration methods on sensory qualities of S. torvwn 
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dehydrated cabbage and found that 0.5 per cent KMS had higher score for flavour 

over all the other samples. The present findings also support this view. 

4.3.1.2. Colour. 

There was significant difference between pretreatments for the colour of 

oil fried products (plate 20 and Fig. 16). All samples except unblanched fruits 

were in the acceptable range of like extremely (1) to neither like nor dislike (5). 

The score for colour was best for the sample treated with 0.5 per cent KMS at 

85°C (T 7) which receive a lowest score of 3.94. It was immediately followed by 

T3 (four per cent brine at 85°C). Colour of fried products dehydrated without 

subjecting to any blanching treatment scored very high (5.83) indicating that the 

product was not acceptable. 

Pawar et al. (1988) studied solar drying of white onion flakes and reported 

that in sensory evaluation, sulphitation with 0.25 per cent KMS gave the best 

product in terms of colour. Mulay et al. (1994) studied the effect of pretreatments 

on quality of dehydrated cabbage and found that 0.75 per cent and 0.5 per cent 

KMS had better score for colour over all other samples. ,Vehgani and Chundawat 

(1986) studied sundrying of sapota (Achras zapota) and reported that fruits treated 

with two per cent KMS was best for colour. 

The better retention of colour due to sulphitation treatment and brine 

treatment was mainly due to the reduction of browning reaction (\Vedzicha and 

Me Weeni, 1974; Salunkhe et ai., 1976). Thus KMS treatment offers good 



commercial potential as a pretreatment for dehydration of S. tONUm. 

4.3.1.3. Overall acceptability. 

A perusal of sensory quality data for overalfacceptability showed that there 

was . no significant difference between dehydration procedures with respect to 

overall acceptability (Fig. 15). 

The oil fried products varied significantly between pretreatments (Fig. 16). 

All samples except unblanched samples were in the acceptable range (1 - 5). But 

fruits treated with 0.5 per cent KMS at 8SOC (T7) and fruits treated with four per 

cent brine at 85°C (T3) received lowest scores of 3.89 and 3.88 respectively. It 

was followed by Ts (one per cent citric acid at 85°C) with a score of 4.16. The 

overall acceptability was very low in the case ofT8( control) as indicated by highest 

score of 5.64. 

Pawar et al. (1988) conducted sensory evaluation of solar dehydrated onion 

flakes and reported that samples treated with 0.25 per cent KMS was best for 

over all acceptability. Mulay et al. (1994) studied the effect of pretreatments on 

quality of dehydrated cabbage and reported that overall acceptability of 0.5 per 

cent KMS treated sample was highest followed by the sample treated with 0.75 

per cent KMS. The present study was also in accordance with these findings. 

4.3.2. Solanum nigrum. 

Results of the data on score values awarded by panel of judges on colour, 



Plate 21. 

Plate 22. 

Coconut oil fried products S.nigntm subjected 
to different dehydration procedures 

Coconut oil fried products of Nnuclfera 
subjected to different dehydration procedures 





taste and overall acceptability of hot oil fried products ('Kondattam ') of S. nignlm 

are presented in Table 29. 

4.3.2.1. Taste. 

Results of analysis showed that there was no significant difference between 

dehydration methods on taste of oil fried products (Fig. 17). 

The pretreatments varied significantly for taste (Fig. 18). All products 

except unblanched products were found to be in the acceptable range for taste 

(score I-S). Eventhough the score values of all pretreated products were 

comparable, fruits treated with four per cent brine + one per cent citric acid at 

8SoC and fruits treated with one per cent citric acid at 8SoC were found to be 

rated better as indicated by the low scores of 4.27 and 4.28 respectively. Taste 

was scored very poor in T7 (Control) as indicated by high score of 6.S0. Gardner 

(1977) reported that citric acid as an acidulent had appealing effects on the 

flavour of products. 

Mudahar and Bains (1982) studied the pretreatment effect on quality of 

dehydrated mushroom (Agaricus bispOnlS) and found that sodium bisulphite (O.S 

per cent ) plus citric acid produced superior dehydrated product with superior 

culinary properties. Sivakumar et al. (1991) studied dehydration of bittergourd 

(Momordica charantia Linn.) rings and reported that blanching in five per cent 

NaG gave slightly salty and less bitter products. The results indicate that 

pretreatments in general are desirable for developing dehydrated products. The 

S. nigmm fruits combined well with four per cent brine and one per cent citric 

13G 



Table 29. Sensory evaluation of coconut oil fried products of S. lliglllJn 

.... _ .. -----.......................... ----_ .... ------ .... -_ .... ------_ .......... -_ .......... -- .. _ .... -- ......... _ .. ----_ .... - ---_ ...... -- ........ -_ ...... -- ................................. _ ............................. 

Treat- Methods of dehydration 
ments .. --_ ....................... -- .. -_ .......... -- .... -- .. -_ .. -- .. --- --_ ............ -- ... -_ .... - ...... ----_ .. -----_ ..... _--_ ................................................................. -.. --_ ................. 

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean 
net wave net wave net wave 
dryer oven dryer over dryer oven 

.... --...................... --- .. -_ ........................... --- .. ----_ .......... -_ ........ --_ .... ------------ ................... -.... _- .. _--_ ....... ---- --_ .. --.... _ ... _ .. _ .. -
Taste (score) Colour (score) Overall accep~ability(score) 

---_ ...... -- --_ ........ _ ..... -------_ .......... -_ ........ ---_ .. -................. -----_ .. ---_ .... --_ .... -_ .. _ ...... _--_ ............ _ ............... _ .............. ---- ..................... _ ........ _ ..... -~ .. --_ .... 
T\ 5.16 4.66 4.83 4.88 4.50 4.50 4.33 4.44 5.16 4.33 4.83 4.77 

Tz 4.33 5.16 4.33 4.61 4.16 4.50 4.66 4.44 4.40 4.83 4.33 4.52 

T3 4.33 4.33 4.16 4.27 4.50 4.33 4.50 4.44 5.00 4.50 4.33 4.61 

T. 4.50 4.33 4.00 4.28 4.50 4.33 4.00 4.28 5.16 4.16 4.00 4.44 

T, 5.16 5.00 4.00 4.72 5.50 4.50 4.00 4.67 4.66 5.00 4.16 4.61 

T6 5.00 5.00 5.16 5.05 3.83 4.33 4.66 4.27 4.66 5.16 4.84 4.89 

T7 6.33 6.33 6.83 6.50 6.33 6.66 6.66 6.55 6.33 6.33 6.40 6.35 
.. -----........... --_ ................................... -- ........ -- .................................................................... -- -_ .......... -- ..................... -_ ........... -.......... -_ ............. --_ .............. -- .......... 

Mean 4.97 4.97 4.76 

H* for 
Treatments 
Dehydration methods 

37.51 
NS 

H*-Kruskell Wallies Statistic 

4.76 4.74 4.69 

41.88 
NS 

5.05 4.90 4.70 

35.33 
NS 

Hedomic scale for sensory evaluation 
1. like extremely, 2. like very much, 3. like moderately, 4. like slightly. 5. neither like nor dislike, 
6. dislike slightly, 7. dislike moderately, 8. dislike very much, 9. dislike extremely 



acid pretreatments. The blending of the salty and sour taste would have helped 

in earning better score for taste. The antimicrobial properties of both brine and 

citric acid could have also helped to get a product of better quality. 

4.3.2.2. Colour. 

A perusal of results revealed that oil frying did not affect the colour of 

product significantly (Fig. 17). In the earlier experiment involving S.ton:um 

microwave dehydration resulted in better colour retention. However, such a trend 

was not evident in this case. The fruits of S. nigrum have a thin skin and moisture 

content is higher than that of S. tOlvum. These features coupled with a longer 

microwave exposure period in a lower power level would have resulted in 

increased chlorophyll degradation. 

The pretreatments had significant effect (plate 21 and Fig. 18). All the 

pretreated samples obtained score values in the acceptable range. Fruits treated 

with 0.5 per cent K.t\tlS at 85°C and fruits treated with one per cent citric acid at 

85°C got low scores of 4.27 and 4.28 respectively indicating better colour 

retention. The colour was very poor in fruits without subjecting to any 

pretreatments (T7) as indicated by a score of 6.55 (dislike slightly). 

Gardner (1977) reported that browning problem of dehydrated fruits and 

vegetables could be prevented by the use of acidulents like citric acid. Mudahar 

and Bains (1982) studied the pretreatment effect on quality of dehydrated 

mushroom (Agaricus bisponls) and found that sodium bisulphite plus citric acid 



Fig.17. Effect of dehydration methods on sensory qualities of S. nigmm 
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produced superior dehydrated product with satisfactory colour. The ability of 

KMS to reduce the browning reaction would have helped in a better colour 

retention here also (Salunkhe et aI., 1976; Chichester and Tanner, 1977). 

4.3.2.3. Overall acceptability. 

The results of analysis showed that the different dehydration procedures 

had no effect on the overall acceptability of oil fried products (Fig. 17). The 

samples varied significantly with respect to overall acceptability between different 

pretreatments (Fig. 18). Overall acceptability of all the pretreated samples were 

comparable. But overall acceptability of samples treated with one per cent citric 

acid, which received the lowest score (4.44), was best. It was immediately 

followed by T2 (four per cent brine at 85°C) with a score of 4.52. The products 

in T3 (four per cent brine + one per cent citric acid at 85°C) and Ts (four per cent 

brine + 0.5 per cent KMS at 8SOC) received the same score 4.61. A very high 

score of 6.35 (dislike slightly) in T7 (control) showed that they were very poor 

with respect to overall acceptability. 

Hussain and Choudhary (1986) studied the preparation of dehydrated 

mukhi (Colocasia esculenta) chips and found that acid treatment with citric acid 

improved the appearance and acceptability of mukhi chips. Citric acid treatment 

slightly increases the sour taste of oil fried 'kondattam' which is liked by 

Keralites. The habit of consuming large variety of pickles has emerged from this 

phenomenon of a liking for acidic (sour) food items. 



4.3.3. Nelumbo nucifera 

The score values awarded by the panel of judges for colour, taste and 

overall acceptability of hot oil fried products ofN.lUlCiJera are presented in Table 

30. 

4.3.3.1. Taste. 

Results of analysis showed that the different dehydration methods had 

significant effect on the taste of oil fried products (Fig. 19). The products 

dehydrated in microwave oven scored low (4.12) which indicated that taste was 

better in these samples. The taste of samples dehydrated in cabinet dryer was 

also better compared to sundried samples with a score of 4.66 (Like slightly). The 

taste of sundried samples was comparatively poor as indicated by high score 5.39 

(neither like nor dislike). The reason for this trend has already been explained 

under 4.3.1.1. 

A perusal of data in the table showed that there was a significant 

difference between products subjected to different pretreatments (Fig. 20). All 

products except unblanchedsamples received score values in the acceptable range. 

Samples treated with four per cent brine + 0.5 per cent KMS (T 6) at 8SOC was 

best for taste as indicated by the low score of 3.66 (Like moderately). It was 

followed by T~ (four per cent brine + one per cent citric acid at 85°C) and T7 (0.5 

per cent KMS at 8SOC) with score values of 4.38 and 4.11 respectively. Taste was 

poor in unblanched products which scored high value (6.50). 
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Table 30. Sensory evaluation of coconut oil fried products of N. 1I11cifera 
-_ .. _--- ............... _------ .. -- ............ _---------------_ .. -- .. - ....... -_ ... _--------------- ... - ... - .. - .... - .. ---_ .. _-- ..... -------------------------------_ .. -

Treat- Methods of dehydration 
ments ----_ ....... - ... - ...... --............ _ .............. _----_ ...... - .. ---- .. - .. --_ ....... _---------- .. -------- ... -- ... --------------------- ... --- .. ---- .. ------------

Sun Cabi- Micro- Mean Sun Cabi- Micro- Mean Sun Cab- Micro- Mean 
net wave net wave net wave 

dryer oven dryer oven dryer oven 
----- ................................................................... .. --- - ...................... __ .. _--------------_ ..... _- -_ ............. - .. ---_ ......... ---------_ ... ------

Taste (score) Colour (score) Overall acceptability 
(score) 

-_ .. -_ ...................... -_ .... ----_ .. -_ .. -_ ........ -- -------_ .................................... -_ .. -_ .. _ .. -....... --_ ........... _ .. --_ ........................ --_ ...................... _ .. -_ .......................... -

T\ 6.16 4.50 4.00 4.89 5.0 5.0 4.00 4.67 5.83 4.16 4.16 4.72 

T2 5.66 4.50 4.33 4.83 5.0 5.0 4.16 4.72 6.16 5.00 4.16 5.11 

T3 5.33 4.50 4.50 4.78 5.0 4.66 4.66 4.77 5.16 4.66 5.16 4.99 

T4 4.66 4.33 4.16 4.38 4.33 4.0 4.66 4.33 4.83 5.33 5.00 5.05 

T~ 5.16 5.33 4.50 5.00 4.50 4.66 4.33 4.50 4.50 4.00 4.16 4.22 

T6 4.33 3.33 3.33 3.66 5.0 2.83 3.33 3.72 4.66 3.00 3.00 3.55 

T7 4.83 4.16 3.33 4.11 4.33 3.83 4.16 4.10 4.50 3.83 3.66 4.00 

Ts 7.00 6.66 5.83 6.50 7.5 5.83 5.33 6.22 7.33 6.66 5.83 6.61 

Mean 5.39 4.66 4.12 5.08 4.48 4.33 5.37 4.58 4.39 . -_ .................................. -_ .................................. - ........ -- ............................................................... - -_ ..... --_ .. -- ..................... -_ .......................................................................... .. 

H* for 
Treatments 
Dehydration methods 

H-Kruskell Wallies Statistic 

28.78 
23.51 

Hedo1J1ic scale for sensory evaluation 

34.96 
8.27 

1. like extremely, 2. like very much, 3. like moderately, 4. like slightly 
5. neither like nor dislike, 6. dislike slightly, 7. dislike moderately 
8. dislike very much, 9. dislike extrmely 

42.95 
17.99 



The same trend was obseIVed for S. torvum and S. nigmm also. Thus the 

results confirmed that pretreatments like four per cent brine + 0.5 per cent Ki\1S, 

four per cent brine + one per cent citric acid and 0.5 per cent KMS all at a 

temperature of 85°C and three minutes long dipping has proved beneficial for 

getting products of improved taste, colour and overall acceptability. Also the 

comparative dislike expressed for the untreated samples obviously explain the 

specific effect of pretreatments on the final product quality. In the current study, 

however, only fixed concentration of four per cent brine, one per cent citric acid 

and 0.5 per cent KMS was tried at 85°C for three minutes. Further studies are 

required with varying concentration of brine, citric acid and KMS along with 

varied combinations of solution temperatures and treatment time, so that products 

with still better acceptability could be produced. The results undoubtedly 

supported the view that all pretreatments selected in this experiment were 

beneficial for getting products superior to the control with respect to taste, colour 

and overall acceptability. 

4.3.3.2. Colour. 

Results of analysis of data on colour showed that there was a significant 

difference between different dehydration procedures (Fig. 19). Colour was better 

in fried products of microwave oven dehydration (4.33). It was closely followed 

by products dehydrated in cabinet dryer with score of 4.48. Colour of most of the 

sundried products were not in the acceptable range (plate 22). 
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Fig.19. Effect of dehydration methods on sensory qualities of N. nucifera 
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Fig.20. Effect of pretreatments on sensory qualities of N. Ilucifera 
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Decareau (1984) reported that colour was enhanced in paste product 

drying. Steinke et al. (1989) reported that microwave heated food products were 

magnificently different from conventionally heated food products in colour. Thus 

it is justifiable that in this case also the microwave treatment has significantly 

expressed its superiority over sun drying and cabinet drying. This indicates that 

scope exisUfor commercial exploitation of technology using microwaves for the 

dehydration of lotus stolons. Plate 22 indicate the promising treatments under 

microwave dehydration, which are much superior from the untreated sample in 

all the sensory parameters tested. 

The pretreatments also had significant effect on colour of fried products 

(Fig. 20). T6 (four per cent brine + 0.5 per cent KMS at 85°C) received lowest 

score (3.72). It was closely followed by T7 (0.5 per cent of KMS at 85°C) and 

(four per cent brine + one per cent citric acid at 85°C) of scores 4.10 and 4.33 

respectively. It also showed that all pretreated samples received scores in the 

acceptable range (1 - 5). The unblanched samples (Ts) which received the highest 

score of 6.22 (dislike slightly) showed poor colour after frying. The pattern is 

almost similar to that of S. tanum and S. nigrum. However, in the case of N. 

nllcifera, the beneficial effects of pretreatments were very evident. In produce like 

mushroom, onion etc. the beneficial effects of KMS, brine and citric acid have 

been demonstrated by various workers (Gardner,1977; Mudhar and Bains, 1982; 

Pawar et al.1988 ; M ul ay et al. 1994). 

The fresh lotus stolons being creamy white in nature which is more or less 



similar to the colour of mushroom and onion, it is reasonable that a similar result 

was manifested in this case also. However, further studies are required to find 

still better combinations of KMS, brine, citric acid along with varied blanching 

temperature and time, with different heating arrangements in cabinet dryers and 

microwave ovens to evolve still better products. 

4.3.3.3. Overall acceptability. 

The data on overall acceptability showed that there was a significant 

difference between different dehydration procedures (Fig. 19). Microwave oven 

dehydrated products scored low (4.39) for overall acceptability indicating 

microwave oven dehydrated products were highly acceptable compared to 

products dehydrated in cabinet dryer and sun dried products. Overall acceptability 

of sundried products was poor as revealed by the mean score of 5.37 (neither like 

nor dislike). 

Microwave heated food products were magnificently different from 

conventionally heated food products in colour, flavour and texture. But 

conventionally heating of food products results in dehydration of the surface and 

thus favouring many flavour and colour reactions to take place (Steinke et 

al.1989). Rao et al. (191)5) reported that microwave foods had more nutritional 

value and better sensory quality. Results of the present study also support the 

view. 

The pretreatments also showed a significant effect on the overall 



acceptability of fried products (Fig. 20). Samples treated with four per cent brine 

+ 0.5 per cent KMS at 85°C received the lowest score by the panel indicating that 

it was the best product with respect to overall acceptability. It was closely 

followed by T7 (0.5 per cent K.\1S at 85°C) and Ts(one per cent citric acid at . 

85°C). The score (6.61) of un blanched samples indicated that they were poor with 

respect to overall acceptability. The data also showed that all the pretreated 

samples were acceptable. The reason for this is already explained under 4.3.1.3. 

Thus the study on sensory evaluation can be summed up as follows. 

The superior pretreatments in S. tOlvum were: 

1. 0.5 per cent KMS at 85°C. 

2. Four per cent brine + one per cent citric acid at 85°C. 

3. Four per cent brine at 85°C. 

The superior pretreatments in S. nigrum were: 

1. One per cent citric acid at 85°C. 

2. Four per cent brine + one per cent citric acid at 85°C. 

3. Four per cent brine + 0.5 per cent KMS at 85°C. 

The superior pretreatments in N. nucifera were: 

1. Four per cent brine + 0.5 per cent KMS at 85°C. 

2. 0.5 per cent KMS at 8SOC. 

3. Four per cent brine + one per cent citric acid at 85°C. 



Sensory evaluation of oil fried products of dehydrated fruits of S. torvum, 

S. nigrum and dehydrated stolons of lotus (N. nucifera) has given very useful clues 

about the wide commercial scope existing for utilising cabinet dryers and 

microwave ovens. Wherever facilities exist sundrying also can be successfully 

employed for drying of produce adopting suitable pretreatments. The study has 

also revealed that simple treatments significantly influenced the product quality 

even in sundrying procedures. 

The study has clearly established the need for having a scientific approach 

in the traditional system of food preseIVation like sundrying. It has also been 

revealed that there exist tremendous scope for the exploitation of microwave 

dehydration technology in the dehydration of vegetables. An integrated approach 

starting from the collection of ideal product from the plant, appropriate 

pretreatments, carefully operated drying procedures, and finally a very suitable 

packaging system is needed to develop a good quality product that is acceptable, 

economic and safe to the consumers. PosthaIVest losses can be reduced 

considerably through such efforts. It also generates employment in rural areas 

and helps in increasing the income of farmers in a big way. 

I+S 



Summaty 
======--=== ,~~~._======~=-__ -_-~ __ . __ ~-~ ~=-=---c 



SUMMARY 

The present investigation on the standardisation of dehydration techniques 

in 'anachunda' (Solanum t01vum Swartz.) black nightshade (Solanum nigntm 

Linn.) and lotus (Nelumbo nucifera Gaertn.) was conducted in the Processing unit 

and analytical laboratory of Department of Processing Technology and in the 

Laboratory of the Biochemistry Division, College of Horticulture, Kerala 

Agricultural University, Vellanikkara, Thrissur, Kerala during September 1993 to 

February 1995. Theilvestigation consisted of the following experiments. 

1. Standardisation of dehydration techniques for S.tolVum,S.nigrnm and 
Nnucifera. 

2. Packaging and storage studies of dehydrated samples of S.t01vum, Snigrnm 
and N.nucifera. 

3. Sensory evaluation of hot oil fried dehydrated samples of S.tolVum. Snigrum 
and N nucifera. 

The study on the standardisation of dehydration technique revealed that 

the superior pretreatments for S.tOlvum were blanching in 0.5 per cent K,.\1S at 

85°C for three minutes and blanching in four per cent brine at 85°C for three 

minutes. Fruits treated with 0.5 per cent KMS at 85°C resulted in highest 

dehydration and rehydration ratio and maximum ascorbic acid retention under 

sundrying. Under sundrying maximum retention of colour and iron was obtained 

when a four per cent brine treatment was given at 85°C for three minutes. 

When dehydration was carried out in a cabinet dryer, 0.5 per cent KMS 

at 85°C resulted in maximum retention of colour and ascorbic acid, four per cent 



ISO 

brine at 85°C resulted in highest dehydration and rehydration ratio, and four per 

cent brine + 0.5 per cent KMS at 8SOC resulted in maximum retention of crude 

fibre, iron and alkaloid. 

It was also noted that under microwave dehydration a pretreatment with 

0.5 per cent KMS at 85°C resulted in maximum retention of ascorbic acid, and 

alkaloid, four per cent brine treatment at 85°C gave the highest rehydration ratio 

and maximum retention of iron. Four per cent brine + 0.5 per cent KMS at 85°C 

resulted in maximum retention of colour and highest dehydration ratio. 

In S. nigntm, one per cent citric acid at 85°C and four per cent brine + 0.5 

per cent KMS at 85°C for three minutes were superior followed four per cent 

brine treatment at 85°C . 

Under sundrying, fruits of S.nigntm treated with four per cent brine 

showed maximum retention of carbohydrate, crudefibre, and sugar. Pretreatment 

with one per cent citric acid resulted in maximum colour retention and highest 

dehydration ratio, fOUT per cent brine + 0.5 per cent KMS at 8SOC showed 

maximum retention of iron, alkaloid and highest rehydration ratio, and 0.5 per 

cent ICMS at 85°C showed maximum retention of ascorbic acid. 

When dehydration was carried out in a cabinet dryer, samples treated with 

four per cent brine at 85°C resulted in highest rehydration ratio, four per cent 

brine + one per cent citric acid showed maximum retention of alkaloid, one per 

cent citric acid showed maximum sugar and highest dehydration ratio, four per 



cent brine + 0.5 per cent KlVfS at 85°C resulted in maximum retention of colour 

and carbohydrate and 0.5 per cent KMS showed maximum retention of ascorbic 

acid. 

Under microwave dehydration, treatment with four per cent brine + 0.5 

per cent KMS at 85°C resulted in maximum retention of carbohydrate and 

alkaloid and highest rehydration ratio, one per cent citric acid at 85°C showed 

maximum retention of colour, crude fibre and highest dehydration ratio, and 0.5 

per cent KMS at 85°C showed maximum retention of ascorbic acid. 

In N.nucifera, superior pretreatments were four per cent brine + 0.5 per 

cent KMS at 85°C for three minutes, followed by 0.5 per cent KMS at 85°C for 

three minutes and one per cent citric acid at 85°C for three minutes . 

It was also noted that under sundrying, one per cent citric acid at 85°C 

showed maximum retention of colour and starch, four per cent brine showed 

maximum retention or iron, 0.5 per cent KMS at 85°C showed highest rehydration 

ratio, and four per cent brine + 0.5 per cent KMS at 85°C showed highest 

dehydration ratio. 

Under dehydration in cabinet dryer four per cent brine at 85°C showed 

maximum iron retention and four per cent brine + 0.5 per cent K1\1S at 85°C 

resulted in maximum retention of colour and crude fibre and highest dehydration 

ratio. 

Under mic;owave dehydration four per cent brine resulted in maximum 
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retention of crude fibre, four per cent brine + one per cent citric acid at 8SoC 

showed maximum retention of starch, one per cent citric acid resulted in highest 

dehydration ratio, four per cent brine + 0.5 per cent KMS at 8SoC resulted in 

maximum retention of iron and highest rehydration ratio. 

The experiment on standardisation of dehydration techniques revealed that 

the superior pretreatment was four per cent brine + O.S per cent KMS at 8SoC 

for three minutes on an overall basis. It was followed by O.S per cent KMS at 

8SoC for three minutes, one per cent citric acid at 8SoC for three minutes and four 

per cent brine at 8SoC for three minutes. 

The experiment also revealed that microwave dehydration was significantly 

superior to dehydration in cabinet dryer and sundrying. Microwave dehydration 

resulted in maximum retention of ascorbic acid, iron, alkaloid, carbohydrate and 

crude fibre content of all the three species. In S.t01vum maximum colour 

retention was obtained under microwave dehydration. But in S.nigrom colour 

retention was poor under microwave dehydration. 

Packaging and storage studies revealed that the dehydrated products with 

an initial moisture coutent of 7 ± 1 per cent could be stored upto six month~ 

without significant deterioration in colour, texture and consumer acceptability. 

The moisture uptake was also not significantly different between the four 

packages under study viz., polypropylene 80 gauge, polyethylene 100 gauge, 

polyethylene ISO gauge and poiyethylene 200 gauge. When the dehydrated 
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samples were kept in open the mean moisture uptake was 0.02g/g/24hr for S. 

torvum and S. nigrnm and 0.06g/g/24hr for N nucifera indicating that moisture 

proof packaging is essential for storage of these products. In economic terms 80 

gauge polypropylene bags was found to be the cheapest. 

The experiment on sensory evaluation of hot oil fried products revealed 

that in S.torvum, the superior pretreatments were 0.5 per cent KMS at 85°C for 

three minutes, four per cent brine + one per cent citric acid at 85°C for three 

minutes and four per cent brine at 85°C for three minutes. The products treated 

with 0.5 per cent KMS scored better for taste, colour and overall acceptability. 

In S. nigrnm, the superAllpretreatments were four per cent brine + 0.5 per cent 

Ki\1S at 85°C for three minutes, one per cent citric acid at 85°C for three minutes 

and four per cent brine + one per cent citric acid scored better for taste, fruits 

treated with 0.5 per cent KMS at 85°C for three minutes scored better for colour, 

fruits treated with four per cent brine for overall acceptability. In N nuclfera the 

superior pretreatments were four per cent brine + 0.5 per cent KMS at 8SOC for 

three minutes and four per cent brine + one per cent citric acid at 85°C for three 

minutes. Stolon slices treated with four per cent brine + 0.5 per cent KJ\1S at 

85°C scored better for ta~te. colour and overall acceptability. It was further 

concluded that on an overall basis the four per cent brine + one per cent citric 

acid at 85°C, four per cent brine + 0.5 per cent KMS at 85°C and 0.5 per cent 

KMS at 85°C were superior. It was also found that microwave oven dehydrated 

products scored better for taste colour and overall acceptability in all the three 

species. 
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APPENDIX-I 
Weather data (montly average) for the experimental period 

(September 1993 to February 1995) 
----------------------------------------------------------------------------------------------------------------
Month Total Temperature Relative Sunshine Wind Evapo-

rainfall Maximum Minimum humidity hours speed ration D DC mm C % (mean) (mean) Kmph mmJday 
-------------------------------------- ------------------------------~------------------------------------

1993· 
September 85.3 30.6 23.1 81 6.4 3.4 110.1 

October 519.00 30.7 23.4 83 4.8 6.9 89.6 

November 74.6 31.5 23.6 73 5.8 13.0 122.0 

December 18.0 31.6 23.1 66 7.5 13.0 164.0 

1994 
January 19.4 32.9 22.6 58 9.1 3.8 222.2 

February 1.7 34.8 23.1 59 8.7 7.1 169.2 

March 21.0 36.2 23.7 59 9.3 3.3 209.2 

April 165.2 34.9 24.4 74 8.0 3.7 144.7 

May 124.2 33.6 24.7 75 8.0 6.2 137.0 

June 955.1 28.9 22.9 90 2.1 3.8 84.2 

July 1002.1 28.6 22.4 91 1.4 4.4 86.1 

August 509.2 30.0 22.8 85 3.0 2.9 91.4 

September 240.5 31.8 23.2 78 7.3 2.9 113.9 

October 358.2 32.3 22.7 80 6.7 2.9 97.1 

November 125.3 31.8 23.3 68 8.1 2.5 137.9 

December 0.0 32.2 22.2 58 10.6 6.2 169.6 

1995 
January 0.0 32.9 22.4 59 9.6 7.4 178.5 

February 0.5 35.4 23.4 60 10.0 2.6 172.2 
----------------------------------------------------------------------------------------------------------------

Source: Department of Agrometeorology, College of Horticulture, Vellanikkara, Thrissur 



APPENDIX-II 
Weather data (weekly average) for the experimental period 

(S~"'+~;nber 1994 to February 1995) 
-------------------------------------,--------------------------------------------------------------------
Month Week Total Telperature Relative Sun Wind Evaporat-

No. .. rainfall MaxilUl MinilWi hUlidity shine speed ion 
u 'c 'c Forenoon After hours (Jean) (lean) 

% noon (lean) K1ph a/day 
% 

---------------- -------------------------------------------------------------
1 2 3 4 5 6 7 8 9 10 

--------------------------------------------------------------------------------------------------
septeJber 1993 36 23.7 29.4 23.0 93 75 3.9 3.8 3.0 

37 11.5 30.7 23.1 93 69 7.5 3.5 3.5 
38 23.2 31. 7 23.4 94 63 8.3 3.8 4.2 
39 14.9 31.0 23.2 91 65 6.7 3.6 3.9 

October 1993 40 149.8 29.8 23.4 93 82 3.8 3.5 2.9 
41 181.5 29.3 23.2 95 78 2.1 3.2 2.5 
42 102.7 31.2 2.32 90 74 4.9 3.2 2.8 
43 83.4 31.9 23.5 92 72 6.3 3.0 2.8 
44 3.2 32.5 24.2 80 63 7.1 6.2 3.8 

NoveJber 1993 45 58.3 30.4 23.9 84 70 8.3 4.0 3.5 
46 12.7 31.8 23.0 91 66 3.9 5.6 3.0 
47 1.2 31.8 23.1 72 54 6.5 7.6 4.6 
48 0.8 31.4 24.1 77 60 11.5 5.8 5.7 

DeceJber 1993 49 17.0 31.2 22.7 84 62 3.4 6.1 3.4 
50 0.0 32.5 21.9 75 47 5.1 9.0 5.0 
51 1.0 31.0 23.8 75 59 5.5 12.8 5.6 
52 0.0 31.6 23.5 72 47 6.1 12.8 6.1 

January 1994 1 0.0 32.6 23.6 69 44 10.0 13.2 7.5 
2 0.0 32.2 22.7 73 43 9.0 12.1 7.3 
3 19.4 33.6 23.7 83 49 7.7 6.0 4.9 
4 0.0 32.8 22.0 65 32 9.2 13.3 9.7 
5 0.0 33.9 21.0 81 37 9.8 6.1 5.9 

February 1994 6 0.0 34.6 23.8 77 43 7.8 7.0 6.3 
7 0.0 34.4 23.1 86 45 8.2 5.0 4.7 
8 0.0 35.7 23.0 83 36 7.8 5.3 6.1 
9 0.0 35.8 22.5 56 20 10.2 8.6 8.8 

March 1994 10 37.2 21.8 71 20 10.1 5.7 7.2 
11 37.4 23.7 83 36 9.8 5.4 6.8 
12 1.2 35.2 25.4 90 56 8.8 5.2 5.8 
13 19.8 35.4 25.4 86 57 8.3 4.8 5.6 

------------------------------ ----------------------------------------------------------
Contd. 



Appendix-II. continued 
--------------------------------- ----------------------------------------------------------

1 2 3 4 5 6 7 8 9 10 
----------------------------------------------------------------------------------------------------------
April 1994 14 37.1 35.8 23.5 85 54 8.3 5.0 5.4 

15 79.8 34.8 23.7 90 58 6.1 4.2 4.9 
16 27.6 34.3 24.5 89 61 8.5 3.8 4.4 
17 20.7 34.6 25.3 86 63 7.0 4.4 4.5 
18 0.0 34.3 25.0 85 58 10.2 3.9 5.1 

May 1994 19 11.6 34.1 25.2 84 58 9.0 4.6 4.6 
20 82.2 34.0 24.6 92 62 7.5 4.2 4.5 
21 3.5 33.9 25.3 89 62 7.6 4.6 4.3 
22 171.8 30.2 22.8 95 80 2.8 5.2 2.6 

Septelber 1994 36 99.2 30.3 23.1 96 73 5.3 3.4 3.4 
37 8.2 32.2 23.4 93 63 9.0 3.6 3.9 
38 1.2 32.2 22.6 88 55 9.1 3.6 4.2 
39 1.6 33.2 23.8 90 59 7.5 3.4 3.9 

October 1994 40 52 3.17 23.3 94 71 5.0 3.8 3.1 
41 52.6 32.6 22.8 90 65 6.9 2.8 3.6 
42 88.2 31.9 22.4 94 69 7.3 3.0 3.0 
43 120.2 33.2 22.8 94 70 7.9 3.0 3.0 
44 68.3 31.9 22.5 91 68 5.9 4.0 2.6 

Hovellber 1994 45 102.2 31.2 22.8 78 64 7.3 9.5 4.5 
46 0.0 31.3 24.4 77 57 7.8 10.2 5.4 
47 0.0 32.2 24.1 69 52 9.1 8.0 5.3 
48 0.0 32.9 22.1 74 49 10.1 5.7 4.3 

Decelber 1994 49 0.0 31.9 21.6 68 43 10.9 8.7 5.0 
50 0.0 32.1 20.1 71 41 10.8 8.8 5.4 
51 0.0 32.2 24.0 75 50 10.4 10.7 5.8 
52 0.0 31.9 23.1 68 44 10.3 12.8 6.1 

January 1995 1 0.0 31.8 22.1 71 42 9.5 10.8 5.8 
2 0.0 33.3 21.5 88 49 8.5 9.9 4.1 
3 0.0 33.1 23.8 71 42 9.7 6.2 6.2 
4 0.0 33.3 21.8 66 34 10.4 6.3 6.6 
5 0.0 33.9 24.2 69 37 10.7 7.2 7.0 

February 1995 6 0.0 34.7 23.4 71 37 10.3 10.0 7.5 
7 0.0 35.6 22.6 79 39 9.9 4.6 5.6 
8 0.5 36.1 23.4 89 50 9.7 2.8 4.9 
9 0.0 37.2 23.1 90 37 9.0 2.4 5.6 

------------------------ -------------------------------------------------------------------------
Source: Department of Agrometerology, Ceollege of Horticulture, Vellanikkara, Trichur 



APPENDIX-III 
Abst.ract of ANOV 1 ~ fer the effect of pretreatments and dehydration methods on qualitative 

characters and dehydration and rehydration ratio of S. torvum fruits 

Source of df HS 
variation ---------------------------------------------------------------------------_.- -------

Moisture Weight Carbo- Crude Ascorbic Total Iron Dehydr- Rehytlr-
% after hydrate fribre acid alkaloid Ig/I00 g ation ation 

dehy- % % Ig/I00 g % ratio ratio 
drat ion 

(g) 
-~~---------------------------------------------------.-----------------------------------------.-----------

Factor T 7 0.009 0.118 H.141* 41. 445* 985.192* 0.094* 2.270* 0.008* 0.185* 

Factor D 2 0.448 0.239 779.483* 75 '03* 15.658* 0.233* 58.183* 0.02'* 0.454* 

T x D 14 0.010 0.194 33.008* 44.371* 116.359* 0.049* 1.613* 0.015* 0.062* 

Error 48 0.262 0.041 0.200 3.331 1.207 0.004 0.204 0.004 0.002 

* Significant at 1 % level 



APPENDIX -IV 
Abstract of ANOVA for the effect of pretreatments and dehydration methods as qualitative 
characters and dehydration and rehydration ratio of S. nigrum fruits 
-----------------------------------------------------------------------------------------------------------------------------------------

df MS Source 
variation ---------------------------------------------------------------------------------------------------------------------

Moisture Weight Carbo- Crude Total Reduc- Non Ascorbic Total Iron Dehyd- Rehyd-
% after hydrate fibre sugar ing reduc- acid alkaloid _g/100 g ration ration 

dehy- % % % sugar sugar mg/100 g % ratio ration 
dration % % 

-----------------------------------------------------------------------------------------------------------------------------------------

Factor T 6 0.021 0.136 18.258* 7.328* 0.926* 0.652* 0.068* 887.988* 0.060* 0.367* 0.084* 0.183* 

Factor D 2 0.998 0.184 129.557* 77.670* 11.126* 5.434* 0.801* 12688.163* 1.142* 62.547* 0.114* 2.960* 

T x D 12 0.007 0.052 30.386* 6.601* 0.881* 0.824* 0.049* 217.23* 0.085* 1.086* 0.031* 0.072* 

Error 42 0.137 0.008 0.791 1.555 0.029 0.017 0.001 1. 73 0.004 0.157 0.002 0.001 
----------------------------------------------------------------------------------------------------------------------------------------
*Significant at 1 % level 



APPENDIX-V 
Abstract of ANOVA for the effect of pretreatments and dehdration methods on qualitative 
. characters and dehydration and rehydration ratio of stolen slices of N. nucifera 

Source of 
varition 

df 

Moisture 
% 

Weight Starch 
after % 
dehyd-
ration 

(g) 

MS 

Crude Iron Dehyd- Rehyd-
fibre mg/l00 g ration ration 
% ratio ratio 

------------------------------------------------------------------------------------------------------------------
Factor T 7 0.003 0.389 63.545* 5.834* 12.745* 0.028* 0.197* 

Factor D 2 1.249 0.445 147.148* 54.803* 44.376* 0.090* 0.448* 

TxD 14 0.004 0.220 14.290* 3.961* 12.816* 0.038* 0.085* 

Error 48 0.058 0.068 0.326 0.517 0.294 0.000 0.003 

* Significant at 1 % level 



APPENDIX -VI 
Abstract of ANOV A for the weight grains of dehydrated and packaged products of S. torvum 

during storage 

Source df MS 

T1 T2 T3 T4 T5 T6 T7 Tg T9 TlO 
----------------------------------------------------------------------------------------------------------------

Packages (P) 3 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Month (M) 

DxM 

Error 

2 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

6 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

12 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

APPENDIX-VII 
Abstract of ANOV A for the weight gain of dehydrated and packaged products of S. nigrum 

during storage 

Source df MS 

T1 T2 T3 T4 T5 T6 T7 Tg T9 TlO 
----------------------------------------------------------------------------------------------------------------

Packages (P) 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Month (M) 

PxM 

Error 

2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

APPENDlX- VIII 
Abstract of ANOV A for the weight grain of dehydrated and packaged products of 

N. nuc~fera during storage 

Source df MS 

Tl T2 T3 T4 TS T6 T7 Tg T9 TlO 
----------------------------------------------------------------------------------------------------------------

Package (P) 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.664 

Month (M) 

PxM 

Error 

2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.665 

6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.665 

12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.665 



APPENDIX-IX 
Effect of pretreatments in weight of fruits S. torvum and stolan slices of N. nucifera 

-----------------------------------------------------. 
Source df MS 

S. torvum N. nucifera 

Treatment 

Error 

7 

16 

* Significant at I % level 

0.571 

0.228 

APPENDIX-X 

12.548* 

0.375 

Effect of pretreatments on weight of fruits of S. nigrum 
-----------------------------------------------------. ----------------------------
Source df MS 
-----------------------------------------------------------------------------------------------------------------
Treatment 

Error 
-------------------------------------------

6 

14 

1.651* 

0.381 
--------------------------------------------------------------------

*Significant at 1 % level 
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ABSTRACT 

The present investigation on the standardisation of dehydration techniques 

in 'anachunda' (Solanum tOTVum Swartz.) black nightshade (Solanum nigrum 

Linn.) and lotus (Nelumbo nucifera Gaertn.) was conducted in the Processing Unit 

and Analytical Laboratory of Department of Processing Technology and in the 

Laboratory of the Biochemistry Division, College of Horticulture, Kerala 

Agricultural University, Vellanikkara, Thrissur, Kerala during September 1993 to 

February 1995. The experiments were laid out in completely randomised design 

with three replications. 

Study on standardisation of dehydration technique revealed that the 

superior pretreatments for S. toTVum were 0.5 per cent KMS at 85°C for three 

minutes and four per cent brine at 85°C for three minutes. It was followed by 

four per cent brine + 0.5 per cent KMS at 85°C for three minutes. In S. nigntm 

the superior pretreatments were one per cent citric acid at 85°C for three minutes 

and four per cent brine + 0.5 per cent KMS at 85°C for three minutes. It was 

followed by four per cent brine at 85°C. The superior pretreatments for N. 

nucifera were four per cent brine + 0.5 per cent KMS at 85°C for three minutes 

followed by 0.5 per cent KMS at 85°C for three minutes and one per cent citric 

acid at 85°C for three minutes. Thus the superior pretreatment was four per cent 

brine + 0.5 per cent KMS at 85°C for three minutes on an overall basis. It was 

followed by 0.5 per cent I<J.\.1S at 85°C for three minutes, one per cent citric acid 

at 8SoC for three minutes and four per cent brine at 85°C for three minutes. 



The experiment also revealed that microwave dehydration was significantly 

superior to dehydration in cabinet dryer and sundrying with respect to retention 

of colour and nutritional qualities. 

Packaging and storage studies revealed that the dehydrated products with 

an initial moisture content of 7 ± 1 per cent could be stored upto six months 

without significant deterioration in colour, texture and consumer acceptability. 

The moisture uptake was not significantly different between the four packages 

under study viz., polyethylene 80 gauge, polyethylene 100 gauge, polyethylene 150 

gauge and polyethylene 200 gauge. In economic terms polypropylene 80 gauge 

bags was found to be the cheapest. 

The experiment on sensory evaluation of hot oil fried products revealed 

that on an overall basis the treatments viz., four per cent brine + one per cent 

citric acid at 85°C for three minutes, four per cent brine + 0.5 per cent KMS at 

85°C for three minutes and 0.5 per cent KMS at 85°C for three minutes were 

significantly superior for getting products with better taste, colour and overall 

acceptability. It was also found that microwave oven dehydrated products scored 

better for taste, colour and overall acceptability. 

The investigations also indicated that tremendous potential exist for 

exploitation of microwave dehydration technology for the dehydration of 

vegetables. 
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