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CHAPTER i 

INTRODUCTION 



emrsm z 

Moot antiquity aaa boo boon evolving aatboda of conserving 

food i s various ways, Preservation of food la oat font or other 

BOO been practised oiaeo pre-bietoric tin* oat tbe oeloatifio 

approach for i t ' s develops*) nt ia about a century old. Huaoroua 

aotboda havo fee en employed la preserving feoda and drying io oao 

of tbt earliest aotbodo to be adopted for tblo purpooe. 

ft* f irs t art i f ic ia l drying (dehydration) of vegetable a 

vao dose in IBth century (Prescott aad Procter,). la recent 

ye are food pre serration bae beeon* a amjor industry a l l over the 

world, faople deased greater variety of food aad of toe they uoe 

foods, from another country, which hare certain specific taste 

and art exotic, lue to increasing trend of Tegetables production 

and ao a result of laproved varieties and fae i l i t i ta for growing 

vegetables in areas where they were not already grown, a glut 

in market ia created during peak production season and spoilage 

occurs. The impact of seasonal glut and quantua of lose due to 

spoilage ean be aiiniaised if the wage table a are carefully 

bandied, transported, processed, packaged and stored. 

Food ia an important itea of too tota l expenditure ia the 

world and therefore tbe cost of food playa a v i ta l role la the 

cost of living of any country. So the eeoneaies of production, 

varying climatic conditions, seasonal availabil ity, consumer's 

demand, need for variety and labour cost necessitate preservation 

of vegetables and frui ts . 
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Fruits and vegetables are tin most import ant foe* of 

mankind a© they art indispensable for the maintenance of health. 

They are the major suppliers of vitamins, minerals, sugar t t e . 

They can he stored by different methods as under refrigerated 

condition or in a frostn atate. They oan also bt dehydrated 

or concentrated ID a number of ways and consumed latter on. 

lie net the ultimate aim of feeding sort population on Halted 

land resources l i a s In tht study of such typet of food storage 

and preservation. Irylng of rage tables has* therefore, attained 

paramount importance in the whole fitId of food preserration. 

X*hydration of fruits and vegetables i s beginning to 

emerge as a major raethod of food pre serration. Dehydration 

made i t possible to provide a healthy and variety dltt to amn. 

Amongst a l l the possible food preservation techniques, tot 

methods of dehydration specially commended i t se l f to military 

planners during the two world wars because of i t s space and 

weight saving poss ibi l i t ies . Therefore, rapid expansion of 

dehydrated food production fac i l i t i e s was undertaken by a l l the 

warring nations. 

India la an ideal country for the growth of the dehydration 

Industry, rehydration offers excellent advantage over other 

methods of preservation la India, Prevailing high temperatures 

in this country lead to quick spoilage and there Is need for 

rapid removal of water from food* rehydration i s the cheapest 

method of food preservation when other methods like cooling and 

refrigeration are used. Canning of food i s an alternative for 
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*e hydration but ua« ©f valuable tin plates and att t l pistes , 

difficulty in Bterilielng large cane, nigh coat of processing 

and transportation call for dehydration to play a key rolt in 

the processing of vegetables in India. 

San million team a of fruits and vegetables perish every 

yesr (Handa, 1978)* In India where there ia hangar probles, 

i t Is not advisable to waste such a largo quantity of food. It 

la a challenge for Indian food preservers* By adopting 

dthydration technique t we can save a larga amount of food from 

spoilage* In a country lik* India which baa a wide and varied 

production of 32,000,000 tonnes of fruits and vegetables, only 

55,000 ton no a art preserved. Oat of that about 15,000 ton nee 

are exported and 40,000 tonne• are util ised in the country 

(Ssxena, 1977)* 

There are three distinct segments of the doaestie demand 

(1) Army purchase organisation (AFQ) and canteen store depart me nt 

(CSD), ( i l ) Hotels and Restaurants and ( i l l ) Household consumers. 

The deoand estiaate shows that purchase of APO and CSD account 

for 8,000 to 10,000 tonnes, hotels and restaurant©, 7000 to 

10,000 tonnes and purchases of household cone users are about 

20,000 to 25#000 tonnes. Statistically this would oean that a 

country with a population of over 600 ai l l ion consumers uses 

processed fruits and vegetable a to the extent of only 25,000 

tonnes annually and per capita oonaunptlon i e only 40 grass. 

Increase in export was observed, during the f lret 11 Months of 

financial year 1976-77 to be Re.86.08 ororcs as against 
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Rs.42.70 ©roree during ttw corresponding ptriod of previous year. 

Gran i e an importairt pulse crop and lo widely grown la 

India* For bettor production, I t la a practice with the grower* 

to remove the tender tips of the growing •tew to induce branching. 

This loot* only for a couple of wee ire. The gran leaves ae green 

and dry* io a popular vegetable of laosraohtra, Ae i t ia 

strict ly seaoon-bound crop and has a short season availability 

with a peculiar peak point of harvesting, i t needs to bo 

preserved ter use la the off season. 

Spinach Is a world wide popular vegetable. It ia 

nutritious and i s rich in vitamins and minerals. It i s also 

vary popular amongst growers due to i t s short duration for 

production. But tot leaves bo lag succulent are highly perishable. 

Spoilage occurs vary quickly and cannot as such be transported 

to distant narks to and has to be consumed immediately after 

harvesting, 

with a view to standardise blanching treatment and method 

of drying for preparation of good quality product, studies vara 

undertaken in fruit ant vegetable laboratory of the Department 

of Horticulture, Hsnatsa Phule Irish! Vidyapeeth, Rahuri. 



 
 
 
 
 
 
 
 

 



CHAPTER I I 

REVIEW OF LITERATURE 



CHAPTER IX 

RKYUW Of IiXfUUftflU 

fat drying of food a in ordtr to nrooorvo thoa during 

otaoono of abundance for coneuaptlon during aeaeon of ehortage 

ia an ancient artf i t s origin ia sot recorded out aany of i t s 

prootioao bato boon handed dona even into tha present day and 

in eoae cooes they fora too baaia of aodern food Manufacturing 

procesaee. 

Iry vege table e haw eoae to occupy a paouliar rolo in too 

whole f io i i of food dahydration. Drying i s aua ia tha oldoet 

and cheapest oat hod of food preservation. Artificial drying lo 

tbt au pari or aetbod of drying. Btoauoa of i t a control over 

temperature, time, aanitation and aleroerganleae, one can obtain 

a good finished product from thia method. Such typa of food a 

ham aoro monetary value due to iaproved quality and yield while 

tbt aun-drylng boo an ad rant age in lew coat of production out 

tha product lo of inferior quality. Food pre nervation by both 

the atthodo i . e . drying *nd dehydration lo very eaay and cheap 

to atore and transport. Various workers have tried different 

pre-and poet-treatment atthodo in drying or dehydration. Work 

done in thia respect io reviewed be re. 

*•* jfl»nohl>g * 

Adaa rt a l . (1942) obaarred that blanching inactiratee tha 

ensyues, reduces the alorobial lead and io prove a colour, flavour 

and texture of the product. Mslnlck fj , aJL,. (1944) studied the 

influence of hot water (100*0) and eteea blanching of green anap 
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beans upon the enaynea, ladepbenol oxidase aad peroxidase. Hot 

water blanching of ©tans was aore effective la dee troy Ing the 

natural ens yeas, a thrat alntitee exposure being alaoat eoapletely 

effective in thisi respect. Five alaates steaa blanching was 

necessary for coaplete lnaetlvatloa of eneytie 1B green amp 

btana. They also found that there vara auch ware loaeea of 

salable nutrients during water blanching while suoh leaaaa were 

not signifleant during steaa blanching. 

SohmlffliBer (1914) concluded that beating denaturae the 

enayoes 1B the product. The degree of enayme inactivation 

indicates the effeetivenese of blanching treatments. Peroxidase 

inactivation l n vegetable am* sore rapid when the product was 

heated at higher temperature but the ess yea inactivation by 

high tcaperatt>re for short tiws reverted aore eoapletely to the 

active fora on cooling than the enayme inactivated to the aaae 

extent by longer exposure at loner temperature. Holaquest (1954) 

prewed that steaa blanching increase0 the density of peaa than 

the conventionally water blanched ones as a result of which 

there are lees number of floaters la etcaa blanched aaaple than 

In water blanched ones. 

Tandon and Viraani (1949) found that the vegetables 

retaining peroxidase activity even after branching for longer 

tlaa should be blanched t i l l active peroxidase la deetroyed. 

t i l l e r and e t t i t (1957) obtained satisfactory dehydrated green 

beans by blanching in ateaa for 4-6 minute•. Valeer (1962) 

atated that the drying ratio la higher 1B unblanebed product 

than in blanched one* The blanching asanas increase 1B the rate 
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of drying removing intercellular oxygen iron t issue, thus 

oausing soft texture and retaining carotene and saeorblo sold 

during atoragt. ISotia and Awasti (1968) found that 0.2% 

sulphitirg treatment to jack fruit bulb during blanching helps 

in maintaining cooking Quality and rehydration ratio i s better 

than the control samples. 

XtiBd £& §*> (1972) stated that la blanching of foodp en syne 

•uet be inactivated out textural changes and leaching lessts 

must be minimised. For this ho advocated quick blanching. la 

Individual uick Blanching (IQB) steam i s applied to individual 

piece} la this case nasa average temperature quickly reaches 

ensyue inactivation range. 

Blanching i s aa in i t ia l processing mad la important method 

of fruit andl vegetable preservation Unnon, 1974)* The foods 

are blanched to inactivate the biological system which weald 

otherwise degrade the flavour or colour and system which eauss 

the loss of vitamins, ratil (1976) concluded that f i t s Binutes 

at 80*C temperature, three ainutes at 90*c temperature and two 

•iauteo at boiling temperature of blanching solution enable to 

denature a l l easy ess present in feaugreek leaves, walls Lund 

(1977) stated teat blanching with 100*C for ten minutes 

inactivates the sasvsa ay stew for vegetables and removes tissue 

gases, aoteurlsatlon usually at 100*C inactivates the 

vegetative ce l le of pathogenic and spoilage organisms. 

Pruthi (1978) blanched paddy straw muehrcoa for dehydration 

and found that inactivation of peroxidase and oatalase prior 
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to dehydration of ausbrooei was essential . fhe optimum tlse 

of water blanching was three to four minutes and that of ate an 

blanching four to five minutes to Inactivate the enzyme eysteta. 

However, water blanching waa found to be somewhat better than 

ate am blanching aa the latter aeemd to adversely affect the 

colour of the product. 

?•* frlorophyll t 

Chlorophyll ia responsible for green colour in vegetable a. 

This pigmnt i s held close to the ce l l wall in well defined 

bodies called chloroplaata with sow xanthophylls and carotene ids. 

The chlorophyll A and chlorophyll B occur in plant in the ratio 

of 5 t l . For colour retention in dried and dehydrated vegetables 

chlorophyll retention ia aoet important. 

2*2,1 £ffect of processing on chlorophyll t 

Legautt et_ â « (1950) studied blanching of peas and observed 

that the conversion of oblorophyll to pheophytin involve8 loss 

of Ht** froa the chlorophyll aoleeule and i s evidenced by lose 

of bright green colour of fresh pea proceeded progressively with 

increasing blanching time. The degradation of chlorophyll i s 

more rapid at 212*F (tOO*C) than at 190»F (B?.70C). h loss of 

2.5ffof chloroph 11 oocured when blanched for 120 seconds at 

190*F (87.7*c) while 8.5 per cent lose was observed in 120 

seconds at 212•? (1OO0C) teaperature. 

According to %agenfcnecht (1952), chlorophyll i s known to 

be acted upon by at least three ensyoe systems v is . alphahydroxy-

aeld-dobydrogenaae, eblorophyllase and llpoxldaee. The 
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alpbahydroxy-ecid-debydrogenaae ayston in green plants oxidiaea 

glyoolie acid and glyoolie moid i s known to oause tbo 

deoolorisation of chlorophyll i s the course of oxidation. the 

chlorophyll i s decolorised through an oxidative rcaotion i s 

which i t i s claised that ma organic peroxidase ia produced. 

rutton «t a l . (1943) proved toot chlorophyll ia converted 

into pboophytin during blanching. In their study tot* observed 

toot 26 par cant of chlorophyll was oonvcrted into pboophytin 

in apinaoh la are e. the conversion according to thtir study* 

dapanda upon the blanching duration. 

Ketrieb (195®) alee observed toot thara i s ©onvereion of 

chlorophyll to pheophytin during preeesslng, A now fomnia has 

been put forth by hia in which tht aaount of ohlorophyll which 

i s converted to pboophytin can be oaleulattd. 

Tan e £ a l # (1964) eondueted study with tender groon 

variety of snap btana. Thay showed that low blanching 

temperatures ware aseoeiatod with a rapid confrere! on of 

ohlorophyll to pboophytin, as wary l i t t l e pheophytln was ferae* 

in pods receiving no blanching treatment. According to Dietrich 

(1965)» water blanching inactivates onsyao faater and degrade a 

loss ohlorophyll than blanching with stesa in Bluaell'a aprouta. 

Chlorophyll was wore stable in water blanching than in atean 

blanching which reaulted in soft dull groon coloured product. 

A* the duration of blanching lnoreaoea tht losses of chlorophyll 

also increase* 
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2.2.2 attention of chlorophyll i 

Blair and $vta (1943) found that grata Ytgttablta auoh 

aa spinach or eabbagt whieh product oonoldcrahlt rolat i l t «old 

during tiw tarly part of oooklng, product* oliTt grot a colour 

which ehaagtd to dull brown aba a cook«d i s a pat with a lid bat 

a btttcr colour wat rttaintd whan tht 114 vac rtaovtd as tat 

Tolatilt acid aocaptd, 

la a otudy of colour ebaagaa In blanchtd and unblancbad 

ptaa for f i t t yaare Yagaakateht f & a l , (1950) found that 

blanching helpa ia prtaarrlag chlorophyll. Tht aaaaat of 

chlorophyll dost ruction at tht and of flrot ytar wat roughly 

2/5rd of that found at tht tag of 5th ytar. Hiatla fJL §^.(1965) 

trtattd tht ptaa with e odiua bicarbonate, aagatalaa oxldt, 

•odiua btxastta phoaphatt , aodiaa carbonate and potaaiua 

attabiaulphltt, for aalatalaing tht grata colour of ptaa. Tht 

pH of blanohing tolution was 7* Tht ptaa dipptd la 2.0jf todiua 

carbonatt tolution at rata ttaptraturt for 50 alnutta, waabtd ia 

wattr aad blanchtd la boiling wattr rttaiatd aright grata colour. 

Blanching for 5*4 ainuttt la boiling wattr toatalalag 0,1? 

•odiua Moorbonatt • 0.1^ aagatalaa oxldt • 0.4* potaaiua at tab!-

oulpbltt resulted ia aort rtttntlon of aright grata colour la 

tht dritd product. 

According to Oaptt aad Prancle (1964) aplaath praataatd by 

high ttaptraturt short t iat (HTST) atthai rttaiatd aort chlorophyll 

and htta carotene. Spinach purtt adjutttd to pH 8*5 with 

aagatoiua carbonate aad processed at 149*C la a glaas thtraal 

dtatb tube (TIT) rttalmd approziaattly 24* chlorophyll afttr 
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six Booths storage at room temperature, whereas, s la l lar 

aaaplaa processed at normal pH I . e . 7 la TDT tubs at 250*f 

(121#C} retained only 6.0* chlorophyll afttr »ix Boat ha atoragt. 

Tbt most effective ooapound used for pH ad Just me at aaa aagatalaa) 

carbonate. Jafer rt ^1. (1966) treated tat okra with Bad 

solution of 1.0*. *•©# «°d 3.0*. fat data showed that low 

teaperature long tia« (LTIT) asthed i . « . 1*5*0 (57.2*0) 

ttapsrature for 15 ainutoi eoablned with too ua« of 5»0* aalt 

aa a cowering agent helped la better rtttntion of grata colour 

l . t . rtttntion of chlorophyll. 

Eesroeier (1970) reported that tbt rtttatioa of ohlorophjll 

la directly related to tat rtttatioa of aagaaeiuai la tilt plgaent 

aoltealta under aoitt Mating condition. Hit chlorophyll gtta 

converted to phtophytin by losing aoat of Ito aagneeiuo. 

Paaaathan and Bhatia (1970) found that ini t ia l prt-soak log la 

todiua oarbonate solution rttulted la brown product. Blanching 

I s hot water produced product of faded green oolour* But tat 

blanching la boiling wattr containing 0*4 ptr etat potaaolaa 

«ttabl8ulphitc • 0*025 to 0.05 ptr etat todiua bicarbonate + 0.1 

ptr at at angnaeiua oxide retained sort grtta oolour. 

31 attnek t t a l . (1970) concluded that blanching treatment 

helps la colour rtttatioa of aaaatr equaah. Colour and ascorbic 

acid wtre loat wary rapidly la uablanched squash puree. Kaur 

(1972) foaad that blanching of grtta leafy vegetables la two 

ptr etat aoaiua bicarbonate solution at 175*? for tlx alnutes 

helped considerably la rtttatioa of grata oolour la the 

prootsstd product. 
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PatIX (1976) working with fenugreek found that blanching 

at boiling teoperature with 0,5* **8. 0.1* agO ftnd 0.1* NaHCOj 

rttalced aaxlatia aeount of chlorophyll walla blanching at 80-C 

without ehtaleals loot aoat of It during storage. Contrary to 

th is Begad (1977) stated that there ia so significant of foot of 

blanching on colour retention ot canned beans. 

2*3 atta carotene i 

Carotenoida ara a group of yellow, orange and rod fat 

soluble plgtaente ia green leaves* fat carotene la tha aixture 

of three isomers, alpha, bata aad gataa carotenes. Bita oarotsna 

ia widely distributed la ltafy vegetable a and aalnly i t la tat 

preouraor of vitaaln A. The earotaaolds ara inaoluble la water 

but ara soluble la lipids* They undergo oxidation when exposed 

to air (Bayer, 1960) during processing of fruite and vegetables. 

Be (1936) concluded that both vitamin A aad oarotene ara 

stable at normal cooking teaperature. Be baa alao reported that 

there was an increase ia carotene content by 1,6* la green 

eplnaoh leaves when oooked for 30 slants a la tap water. Booher 

f j | a l . (1941) foaad acre oarotene ia oooked product than la 

fresh one when analysed by both biologioal aad chemical astbods* 

Asserting to Gleia aad Tresseler (1944) the raags of 

oarotene la apinacb varied froa 5.79 to 4.64 ag/100 g on fresh 

weight basis aad 62*113 to 69*543 ag/100 g on dry weight basis* 

Vasa epinach weighing 600 g was oooked for sight alautes, 100* 

carotene was retained la the vegetable aad there was ao carotene 

leaohing ia cooking water. Morgan (1944) reported that the 

oarotene was lest to the extent of 27 and 26 per sent during the 
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dehydration of unblanehed epinaeh and Mustard green respectively. 

Patll (1976) found HTST est hod to be tot beet Mtbod for 

retention of carotene in fenugreek l i t m * Boiling tewperoture 

with 0.5^ ws • 0.1* %o • o.if rnnao^ preserved »o»t of tm 
carotene in blanched samples of fenugreek leave*. 

Fein berg (1973) observed toot carrots packed in air after 

having blanched, sulphited and dried lest wueh of their carotene 

ia a few months and developed off flavour. In ease of unblanehed 

ones the losses were as high as S3 per oent. The looses were 

81*9 per cent i s blanched and 77*2 per oent in blanched and 

sulphited carrotB. 

2*4 Asoorbic acid i 

Ascorbic aold i s very diff icult to preserve during 

blanching and dehydration due to l t e oxidative nature. Being 

heat sensitive and water soluble9 greater looses occur during 

blanching* Moot of the leafy vegetable* are rich souroes of 

vitamin C (ascorbic acid). 

*•*•* | f feet of propepsin* on ascorbic sold t 

Gruese (1943) stated that the loss of vitawin c in west of 

the dehydrated vegetables without blanching was severe and wight 

amount to 100 *mr oent within a few weeks of storage, maliening 

before dehydration retards the loss , fie further observed that 

when the vegetables were slightly sulphured with sulphur 

dioxide or wolstlontd with bisulphite, they retained wore vitamin 

C during storage. 
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Morgan (1944) found email differences between stasa and 

water blanching of Bustard grata and spinach. Euriag 

dehydration the unblanobed auetard grata and apinach lost 

their ascorbic aeid to tba extent of 79 to 80 par cent 

respectively aa compared to 92 to 70 per etat 1 oasts ia 

blanched produce. Stave as (1949) found that the losses of 

aaeorblo acid during blanching varied with the product 

prooeaeed. Sweat potatoto, rutabagas and carrota loet about 

10 to 20 par cent while i t was 60 per etat ia aaaa of peas aad 

white potato fee. 

According to Glein aad Tre osier (1944) tba range of 

aaoorbic acid ia spinach varied froa 42*9 to 44*1 af/100 g, 

aa dry weight basis* Wat a 600 g of spinach was cooked for 

tight ainutes the retention of ascorbic sold was 62 par etat 

ia spinach and 19 per etat ia cooking water. Russell et, a l . 

(1949) found that aa additioa of KaCl to blanobing water 

materially reduced tat rata of ascorbic acid losses aad further 

showed that thtre was no loss of carotene when oabbage was 

scalded ia sulphite solution. 

Ireoon aad Batart (1944) reported that when 240 g oabbage 

was oooked ia 120© s i of water ia open pan for eight ainutes 

60,11 ag/100 g aaeorblo aeid was left ft ia oooked cabbage as 

against 172*0 ag/100 g ia raw cabbage aad 41*84 ag/100 g of 

ascorbic acid was found ia cooking water. They further 

reported that who a 194 g cabbage was oookad la only 40 al of 

wattr for nine alaatts ia tightly covered pan, tat aaouat of 

ascorbic aeid retained was 99*99 ag/100 g. 
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ttaart • £ ajt. (1945) atadiod blanching with aad without 

one d e a l add i tat lint a aod found that beans blanched with 

chemicals were higher la aaoorbic acid oeataat than unblanehed 

ones. !#• ££,«&. (1945) concluded that high teaperature 

blanching helps la retaining a ac or bio acid. Tha peas blanched 

for 60 aeconda in rapidly boiling watar lest 10 to 19 par cant 

of It* aacorbic acid • • against 50 par otnt loaa during 

coamercial processing. 

Janet (1945) protad that a nap be ana blanched by hot watar 

at t bod lost approximately 15 par east of tbtir aaeorblo acid 

aoBtaat while tin ateaa blar*hlng eaaaad about 11 par east loaa. 

In cauliflower tha hot wattr blanching loat about 19 par oant 

and ataaa blanching about 18 par otnt of aaeorblo acid. Koala 

f t a,l> (1946) froai their study of different actboda of oooking 

apinaeh and othar vegetables, racotsMndad pro a aura eauaepan far 

blanching wbich ratainad 78 par oant Tltaaln C la tha oeoked 

amaple and 15 par oast ia cooking water, • • a gain at 44 par oant 

in aaapla and 59 par oant la oooking watar whan blanched by opan 

kettle act bod. 

Roeeoff and Cruaaa (1949) found that aaoor bio acid 

oxidation affects tha Quality directly by dee troy ing aaeorblo 

•• id thua reducing the nutritive value of vegetables. Heberlen 

f t §2.. (1950) found that high temperature abort tlaa blanching 

of peaa laaraaaad aacorbic acid retention. Gooding and Ball 

(1956) observed tha looses of ascorbic acid during proceaalng 

and dehydration. It was 28*5 p9T cent la oaaa of watar scalding 

and 22*7 par east in steaa acalding. 
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salekar and Banerjee (1959) studied fat retention of 

ascorbic acid during blanching and found that blanching tat 

vegetables in sulphite solutions was tat teat aetboi far 

ascorbic maid retention and tetter culinary quality. Blanching 

la 0.11 par cent eodlua sulphite solution with or without 

aodlua chloride and blanching vita water alont had also 

beneficial offseta. Gordfn ajfe_ aj^. (1964) found that ran 

oabbage contained 49*9 «g ascorbic acid/100 g on fresh weight 

basis. When cooked i s water far 20 slnutee the viteals C 

content earn dowo to 57.5 ag/100 g. 

Apte and Patwa (1969) found that loaaee of ascorbic aaid 

due to ateamine ware aignificantly higher than due to boiling 

water. OB boiling far 45 ainutea tht retention of ascorbic 

aaid was 51*5 aff/100 g while on stealing the retention was only 

14*2 ag/100 g. They also stated that la raw radish teas 

Titaain C content varied froa 42.0 to 65*1 ag/100 g with as 

average of 59*5 flg/100 g. After sailing the redieh tope, 

retention of ascorbic aaid was 57.4 to 56.2 ag/100 g with aa 

average of 45*7 ag/100 g. On eteaalag, however, the vitawin 0 

content was reduced to 15.2 to 26*8 ag/100 g with aa average 

sf 15.7 ag/100 g. 

According to Singh (1972) blanching with 0.5 per seat IMS 

was good for avoiding browning of cabbage after dehydration 

and retention of ascorbic aaid daring subsequent storage. Ralls 

fj.al, . (1975) observed that the less of ascorbic aeid during 

blanching aaa because i t ia water soluble and beat sensitive. 
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Thay found that apinacb blancbtd by hot gaa act hod rttainad 

54 ailligrame ascorbic acid por 100 grata aa coeparcd to 21 

ailllgraaa la oast of tht hot water blanching. 

Labuaa (1973) atattd that ascorbic add i» dcatroytd 

rapidly by heat, light and oxidation, Sht looota •vary froa 

10 to 50 ptr cost . Tbt vegetable sulpbited before drying 

increased i t s retention. M i l (1976) advooatod blanching 

with 0*5 per cent KKS + 0.1 ptr eont ngO • 0.1 ptr ctnt KaHCÔ  

at boiling temperature for rttaialng aaxlsaa aaount of ascorbic 

acid during atoraga la ftmigrttk. 

2*5 Cfaangto la nutritive value during atoragt • 

Tbtlaa (1944) atattd that tbt boat drying net hod of ottt 

caused 18 to 30 ptr otat loaa of oarottat on drying and tho 

atoragt of 6 to 7 aoatha inert aeed tho loao to aoro than 60 ptr 

otat. Shtart !&&£• (194$) stored tht blancbtd and dtbydrotcd 

aaaploo of grot a boast la rtfrlgtrator and oaat att of oaaploo 

at rooa temperature for aix aoatha* Tht boat rtttntlon of 

wltaala 0 wee found la cold otorago afallt poor oat at rooa 

t t aptraturt. 

Morgan «1 ai» (1945) stated that blancbtd aaaplta of 

opinach loot ltua atcorbic acid than unblanchtd onto during 

atoragt. Tory l i t t l t quantity of thiamin and riboflavin was 

loot taring atoragt of dthydrated oplnaob which was ottaa 

blanched. Janet rt a l . (194$) blanched anap btaao and cauli­

flower by water and attaa and otoroi la frostn condition, Afttr 

Blat aentbo, anap btaao and cauliflower had loot approxlamtoly 
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60 to 70 ptr cent ox their ordinal total aieorUo aeid. Tbt 

retultt wore noa-tjignlf leant in tat aaount of aecorbic acid 

rttaincd by hot water or by ateac blanching a* t bod a. 

as tart (1946) concluded that tbt mthod of sulphuring 

•ado no difference in carotene retention during six aontbs 

storage of dehydrated eample*, thlla Metrloh fj . al.. (1959) 

stated that !!!FS$ method of blanching resulted in aore chlorophyll 

retention during storage than LTIT blanching. 

Salaro and Htgasi (1973) found that the sun-drying caused 

greater loss of carottnoid and vitaain C in aprioot Juice. 

Tbt vegetables artif icial ly dehydrated or eun-drled tend to 

loss, their nutrient in the s&st order of Magnitude as fruit a • 

The rapid drying retains greater anount of aaoorbie aeld than 

iota the alow drying and retains oore vitaain C during at or age. 



 
 
 
 
 
 
 
 

 



CHAPTER III 

MATERIALS AND METHODS 



CHAPTER I I I 

MATERIALS AKD METHODS 

During tba prtatnt imrtatlgatlon tbt aattriala uaad ant 

atthoda employed axa tmiaarattd btlow. Tbt ra at arch work aaa 

carritd out fro* Ftbruary to June 1979, in tba laboratory of 

tbt Dtpartctnt of Horticulture, Mo hat ma Phult Kriahl Tidyapttth, 

Rahurl. 

5.1 Proper at ion of aattrlal t 

Tbt tandtr plant tops of grao ae leafy Ttgttablt aaa 

procured from tba Horticultural faro, Tht epinach ltevta aara 

tektn froo tha nana faro abta tbty had jaet attained their 

fa l l aaturity. Tbty aara taootb and It at ho ry in ttxtura. Both 

the Ttgttablte aara washed thoroughly in clean tap aattr to 

reaore d ir t , adhering soi l and other laparltlee. Than tbt 

sard atta portion of graa and diecolourtd It aft a of both 

vegetable a aara removed. Tat aplaaob leavet aara chopped into 

pleeea of 3 to 4 oa eouarat. Again both tbt vege tablet aara 

aaafaod and uead for further proetaa ing. 

3.2 Blanching t 

Blanching rttaint tba chlorophyll and flxis tht colour by 

inactivating tba tnayaaa* for thia purpoat tba aaabad a alt rial 

«aa plaotd in a cltan aualla elotb and aaa tied looaaly «o aa 

to facilitate taey tntry of blanching aolution upto tba ctntrt 

of tiad material. It aaa dipptd in a blanching aolution for 

various timings ae par trtataenta, abort tba ratio of blanching 

aolatloa and blanching aattrial aaa 4 si* Tht blanching aatarlal 
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van tot a dipped immediately in clean tap water for 3-5 ainutes 

to prevent further cooking of the material. Tat treataaata 

wart a* looted with a view to determine a suitable aathod to 

rotaln too food value with difforoat eboaleala vita their 

Tarlou8 concentrations at difforoat tirate of dipping aad 

blanching temperatures. 

3.3 Treatments t 

Mala treatment e - a) ana-dry lag 

a) eabinet-dryiag 

Sao treatments * Blanching at Tarioue teaper&turee 

with aad without ehealcala like 

eodiua chloride (RaCl), potassium aetabi sulphite (MKS), 

•agnesiua oxide (sgO) aad eodiua bicarbonate (KaHCO.). The 

chemical c once ntrati one ice re fixed on the baeie of paat work 

reported else whore. The time, temperature aad chemical 

concentrations for blanching as detailed below for epinach 

aad gran leavea separately wart fixed, 

3 .3.1 Spinach t Symbol 

(1) 80*0 + 1*C teaperature for five ainutee ( M I T ) (d1) 

i ) Without chemical. (*i*o) 

i i ) With 2 per cent HaCl • 0.2 per oeat CMS ( A ^ ) 

i l l ) With 0.3 per oeat KXS + 0.1 per oeat %0 + 
0.1 per oeat NaHOOj ( A ^ ) 

(2) 90*0 + 1°C teaperature for throe aiaatoa O T K T ) ^ ) 

IT) Without Ch.^0.1 (Aj^) 

•) With 2 per oeat HaCl + 0*2 per oeat KHS UgB.,) 
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• i ) with 0*5 p«r cent ms 4 0,1 per etat 
IfcO 4 0.1 ptr cent BftHQO, (A*.^) 

(3) Boiling temperature for two minute* (HTST) ( ^ ) 

Tii) tithout chemicals (%%) 

r i i i ) With 2 ptr cent NaCl 4 0.2 per cent EMS (A«l|) 

ix) with 0.5 per cent KMS 4 0.1 ptr cent MgO 
•t- 0.1 per cent SaHOO.. (̂ )̂ 

x) Absolute control in which the blanching 
was not done (AQ) 

3.3,2 gram leaves i Symbol 

(1) ?0*C + 1°C temperature for five minutea (LTLT) (A^) 

1) Without chemical (^^j) 

i i ) With 2 ptr etat HaCl + 0.2 per cent OS U.,1,) 

i i i ) With 0.$ ptr cent EMS + 0.1 ptr cent MgO 
4 0.1 ptr cent SeHCÔ  (A t ^) 

(2) 80*0 + l«c temperature for three minutes (mm) U 2 ) 

I T ) Without chemical (AgS )̂ 

T) With 2 ptr cent HaCl 4 0.2 ptr oent EMS UgBf) 

r i ) with 0*5 ptr etat El® 4 0.1 ptr cent MgO 
4 0*1 ptr etat RaMCOj (Agl^) 

(3) 90*0 4 1«0 temperature for two minute a (HTST) (Aj) 

Til) Without chemical <%B(P 

Ti l l ) With 2 ptr cent HaCl 4 0.2 ptr cent EMS ^ ^ 

ix) With 0.5 ptr oent KMS 4 0.1 ptr etat MgO 
4 0*1 ptr etat HaHCÔ  ^ % ^ 

x) Absolute control la which blanching was 
not done (AQ) 

Sot treatment of blanohing la boiling water for gram 

leaves was aot followed at for tpinaoh on the batlt of 
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preliminary t r i a l s , oo the boiled learas were pulpy. 

Tfea blanched material woo iawed lately dipped In cold 

•atsr for 3 almitss (Daound oj^ al,»» 197?) and mm thoroughly 

drained and spread uniforaly otor the alualniua tray* to a 

tbiokness of 3-5 oa» The trays were kept under sun and i s 

oablnet drier for drying and dehydration respectively, 

3*4 gwH^Mf̂ Bjl i 

The aaterial which was spread over the alaalBlaa trays 

was placed under sun froa 09.00 houra to 17*00 houra. The 

trays were covered with olean auolln oloth (Race, 1979) ao as 

to protect tot saaplss froa dust, f i l e a etc . The aaaples 

ware at ore i in room during Bight and were again placed under 

sunlight next day* Turing drying tot aaterial was etirred 

froa tiae to t i e s , ft took OB an average about 24 to 27 hours 

for ooaplete drying. 

3.3 Wtfytft ,*ygfam • 

Ths blanched samples a pre ad i s the trays mm kept la 

cabinet drier and tea temperature during ths dry lag period aas 

aaintained at #9*0 + 5*C. ft took about € to 7 boars for 

ooaplete drying. 

After drying and dehydration the product was inspected 

thoroughly and discoloured please and foreign aaterial If any 

were removed. The finished product wae packed In polythene bags 

and stored at rooa teapsratttrs for 3 aonths for further study* 
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3.« Oooart»tioao t 

It ifl a ratio of fiaiobod dry product to too prepared re* 

sat tr ia l before drying. It was worked out in both vegetables. 

3.6.2 Rehydration ratio t 

Rehydration ratio was calculated tgr putting 5 g of dehydrated 

or dried product i s 100 al of hot water at 75 *C temperature in 

a bt alter ©»# kept t i l l the product wao Jaot ooft enough for 

consumption. At tttio otage the product was thoroughly drained 

and weighed and the rehydration ratio wao coaputed. Rehydration 

ratio io the ratio of rehydrated produot to dehydrated or dried 

product. 

9*7 Chemical est last lone 1 

Ascorbic acid goto destroyed during dryinp/dehydration 

and at or age. Is order to *e* too of foot of blanohlng with or 

without oheoicale on tea retention of aooorbio acid, i t wao 

eatia&ted in froon ao wall ao dried vegetable*. Ascorbic aoid 

(Vit-O) wao eetiaated If 2-6 diohloropbenolindophonol dye 

aethod (A.O.A.O., 197$). The par cent of aaeorbie aoid was 

calculated ao ng/100 g of the sample. 

3,7.2 ffifto, carotew 1 

Bita c-Totene io *• important ingradiont of any laafy 

vegetable* Its retention in too dry product i* eoaential. 

Thie wao also estimated in too froon ao wall ao dry product. 
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The act bod of Beerh and Siddappa (1955) «aa adopted far 

estimating beta oarotene. Toe concentration of carotene was 

calculated by comparing the value with standard carotene curve. 

' • " fatal chlorophyll i 

SIM chlorophyll vae extracted by aqueous acetone act hod 

of Mackinney (1911) and tlw concentration of chlorophyll was 

determined by measuring the optical density of the solution 

using red f i l t e r at 665 and 645 ne t t n length en colorimeter. 

The total chlorophyll was calculated fron tht equation given by 

Anton (1949) t 

Total chlorophyll » 20.2 V • 8.02 D «g/litre 
645 663 

The culinary quality of the product was assessed by the 

taste by a panel of 5 judgee ant scores ware given on tht 

following aspects for the cooked product. 

fat aarka allotted vara i 

Mark* 

Colour 15 

Flavour 15 

Texture 15 

appeaxa»M 15 

Taste 40 

Total t 100 



 
 
 
 
 
 
 
 

 



CHAPTER IV 

RESULTS AND DISCUSSION 



CHAPTER IT 

RESULTS AHT DI8CU8SI0R 

Bit raeulta obtalntd la tat *arloue etudlee conducted 

with epinaeh and graa leave a on drying, dt hydration, quality 

and durability art pxeeeated undtr appropriatt headings and 

ara dlaeueeed herewith, 

4.1 Spinach t 

The data eo tat ciftot of blanching ehtaieal ereearvatl-vea, 

tiaa-taaptraturt combination and drying aathod on tat retention 

of chlorophyll, aeeorble acid, beta oarottnt aad drying ratio 

aftar drying art prostata* la Tablt 1 aad art graphically 

represented la Fig.1. 

4.1*1 Sffeet OP chlorophyll t 

fat data rtTtal that thtrt aaa heat? loaa of chlorophyll 

(55*74 ptr etnt) la unblancbad produot aa eoapartd to blanched 

eat vita or without various cbeaicala at d iff art at t i e e -

ttaptratart combinations. Thtrt wee aa auch aa 55*74 ptr etat 

loot la tun-drltd control produot aad tht lost aaa gradually 

rtduotd through dlfftrtat treatments and thtrt aaa alalaus loaa 

(14*89 ptr cent) la tht trtatotat which aaa blanched at boiling 

taaptrature for 2 aiauttt with 0.5 ptr etat KKS • 0.1 ptr otnt 

agO • 0.1 ptr otnt NaHCO-. 

Aseaget tht various ohtaleala uatd la blanching water* It 

aaa obeerted that 0*5 ptr otnt MM * 0.1 ptr etat ifcO + 0.1 ptr 

etat NaHCO. aaa better, followed by tat other act of cbtmioala 

aad ae chtadeala la that order* Aa rtgardt the tlot-tooperators 

ooabi nation, the high-tt apt rat vact thort-tiat (HTST) blanching 

aaa ettttr than sedlua-taaptraturt for atdlua |^ni|«|lnY d 
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low-teaperature f©y ioag«tla» (I :XT) blanching with or without 

cheaicale aa there was gradual reduetion in % fat loae of 

chlorophyll conttut with tbeaa eaaalaatleaa fro* LTLT through 

HT8f# 

Stellar tread of reduction la chlorophyll loss aaa observed 

i s cabi act-drying which waa superior to eun-drying i s each of 

tlM treatment combination*. The lone of chlorophyll was 41*54 

por etiit la cablrwt dried control as against 53.74 per eent la 

iuu-dritd control, fat alnlaua lota of chlorophyll aaa obeerved 

to at 11*59 p«r eont la oabinet-dried cample blanched at boiling 

ttaperatura with JO'S, %0 and BaHCO. coabination, wbereae, the 

laaa aat 14*8$ ptr eaat for tat •aw treatment la eun-dryiog 

thuo indicating tbt superiority of cabinet-drying ovtr tun-drying 

atthod. 

Thtat rteulto ara protty such la banrat? with those 

publltbtd clee antra (ABBOB, 1974). fat feoda ara blanched to 

inactivate tht biological ay etca which would otherwise degrade 

tot oolour of too product. Dutton (1949) concluded that 

ohlorophyll goto converted to pheophytin during blanching aad 

the rata of convertion io dtptndtnt upoo tht duration of blancaiag. 

Van §£ a^, (1964) found that low blaaching ttaptrattir* waa 

aatoelattd with a rapid convtrtion of chlorophyll ta pheophytin. 

Siailar rteulto aart obtained by Gupte aad Fraaala (19(4). thty 

found that spinach processed by HIST otthod retained sort 

ehloropfcyll than that by LTlf nttbod. Baatia (1963) treated 

tht ptaa with different cheaioal preservative* and found that 

blanching for 5-4 alnuttt at boiling ttaptraturt containing 
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0,1 ptr cent sodium bicarbonate • 0.1 per etnt aagaaalus oxide 

4- 0.4 par cent KMS rtsuited la aera retention of chlorophyll 

la dried product. 

4.1.2 Effect oa ascorbic add (Vltaala C): 

The data presented la Table 1 clearly indicate that there 

was severe lose of ascorbic acid (77.15 ptr cent) la unblanched 

sun-dried control product aa compared to blanched product with 

or without various cheaicalo at different tiaavteaptraturt 

coabinations. There wat aa aueh aa 77*15 ptr cent loaa la 

tun-dried control product and tat loaa vaa reduced by different 

treatmnts, and It ame ainiaum via, 20.90 ptr cent la tht 

treatment which wat blanched at boiling ttaperature for two 

alnutee with 0.5 ptr cent KMS + 0.1 ptr etat agO 4- 0.1 ptr cent 

MOO.. 

Am regards tht superiority of cheaicale uatd in blanching 

water, It wat observed that 0.5 ptr etat KMS • 0.1 ptr otat *g0 

4- 0.1 ptr cent jlaHCO. was better for retention of vitamin C. lot 

next best alternative i s tht blanching with 2 ptr etat NaCl 4-0.2 

ptr etat KMS followed by tht tap water blanching. Aa regards tht 

tiae-ttaperature coabination, tht high-teaperature short-tiat 

(HIST) blanching was better than tht aadlua temperature medium 

tiae (MTWT) atthod and low-teaptraturt long tint (LTLT) blanohing 

with or without chealoals aa there was gradual reduction in the 

loaa of vitamin C content with these coabinations froa LTLT 

through HTST methods of blanching. 
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Tbt trend re sained the n a i s reduction of ascorbic acid 

loss during cabinet-drying which was superior to sun-drying In 

•ach of the treatment combinations. Sat looo of ascorbic acid 

was 62.40 ptr etnt la cabinet-dried control produot ma against 

77*1$ ptr etnt la sun-dried control produet. fat minimum leas 

of 15.63 par etat of vitamin C was observed la a sample blanched 

with 0.5 ptr seat IMS • 0.1 ptr seat %0 + 0.1 ptr otat JaHCÔ  

at boiling temperature for two minutes la oablnet-drying, whartat, 

tht less waa 20.SO ptr otat for ths seat traatatat la tun-drying. 

Thus, i t la vary clear that cabintt-drying la superior for 

rtttatloa of vitamin C to tun-drying method. 

fba naia principle of food preservation la to inactirate 

tht tasyat system and control tat microorganisms oaueing decay. 

In tbt praatnt study, by blanching tht e nay net wart aada inactive. 

Further drying aad dehydration resulted la tht control over tht 

microorganism© for want of sufficient moisture. By inactivating 

tat tasyat system there was less loss of vitamins. 

As tht ascorbic acid la heat sensitive aad oxidative la 

nature It I s very diff icult to preserve It during blanching aad 

subsequent drying. Proa tht result* obtained la connection with 

ascorbic sold loss It i s very clear that LTLT and mm methods 

of proessslag eaust aera lossts than tbt HISf method. Tht reason 

aay be that, tht lengthy proetssiag t lat at low teaptrature allows 

tht ascorbic acid to pass to blanching liquid aa It la a water 

soluble constituent. Qleia.et.ai . (1944) concluded that there 

I s oxidation of ascorbic sold during processing, whta It i s 

released la tht blanching solution. Sulpher-dioxide i s a strong 

http://Qleia.et.ai
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reduoing agent and fata reduced earlier than the asoorbic acid 

and thue gifta protection to aecorbie aoid. Mfclekar and 

Bancrjee (1959) atuditd tht retention ©f ascorbic acid during 

blanching and found that blanching tha vegetable in sulphite 

Bolution was tha btat wit hod for ascorbic aoid ratantion and 

better culinary quality. 

4.1.3 Effect on bat a carotene i 

the data regarding tha bata earotana loaa during blanching 

and subsequent drying presented in Table 1 reveal that there van 

a loaa of 48.06 par cent beta carotene in unblanched product 

which wae maximum amongst a l l tha treatments of sun-drying 

aathod. Blanching without any chemical for two ninutes, three 

minutes and five mlsuten at boiling* 90°C and 80*C teoperature 

respectively also ssiniaiaed tht loaa an coapared to unblanched 

oontrol. 

There was ae aaeh as 48.08 par cent loaa of beta carotene 

in eun-dried oontrol product and tha loaa was gradually reduced 

through different treataents and i t waa ninimia wis. 11.02 par 

want in a a ample which waa blanched at boiling teaperature for 

two ainutea in a solution ot 0,5 par cent XKS • 0.1 per eent MgO 

• 0.1 par oent N&HC0-. 

Aa re garde tha effectiveness of cheaicale used In blanching, 

i t waa observed that 0.5 per cent ItMS + 0.1 par cent %0 • 0.1 

par eant HaBCO, waa far batter followed by tha other chemical 

coabination and no cheaicale in that order. Tha high-teaperature 

ehort-tiae (HTST) processing waa found to be batter than awdlun 
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teaperature medium-time (mm) processing and low-temperature 

long-time (ITIT) processing 1B both methods of drying. 

The cabinet-drying Mthod proved to be auparlor oter 

sun-drying oat hod 1B respect of carotene retention. Tha loaa 

of beta carotene wae 48.08 par east in sun-dried product as 

against 37.73 par eent 1B cabinet-dried product thus indicating 

tha superiority of cabinet-drying over sun-drying Mthod. The 

minimum loaa of beta carotene was observed to be 8,35 par cent 

in a cabinet-dried sample blanched at boiling teaperature with 

KftS, MgO and laKCO. combination, whereas, tha loss was 11,02 par 

cent for tha same treatment i s sun-drying Mthod. 

Although, tha beta carotene la not water soluble constituent, 

the losses are due to heat and oxidation during blanching and 

subsequent drying. The rapturing of chroaoplasts la more in 

ease of LTLT Mthod than the HTST Mthod due to which there are 

•ore looses at lower teaperature in both the Mthode of drying. 

Tha above results are identical with those obtained by 

Glein and Tree s i er (1944) who reported that losses of carotene 

are due to heat during blanching and drying. Pat11 (1976) 

concluded that blanching helps In retaining beta carotene. The 

HTST aethod with 0.3 per eent MS 4 0.1 per eent agO • 0.1 per 

eent UsHCO. In cabinet-drying retained maximum amount of beta 

carotene than any other Mthod of processing end drying. Salem 

and Begaal (1973) found that alow drying causes greater losses 

ef carotene than tha vacuum drying aethod. 
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4.1.4 Bfftct oa drying ratio t 

Tht blanched aaaplt had lower drying ratio than tht 

unblanched eats , as atta froa tba data presented ia Table 1, 

which further reveals that there ia considerable difference ia 

dry weight obtained froa different treat me nti of drying. It ia 

nuch wider ia a sun-dried control i . e . 1«16 and i t gradually 

narrowed through different treatments and there was aaxlaua dry 

weight obtained (l i l2.07) la the treatment whloh was blanched 

at boiling tcEiperature for two ninutes with 0.5 par cent XHS + 

0.1 par cent i%0 • 0.1 ptr east BaHCOj. 

The chemical coabination for 0.$ per cent K1CS • 0.1 par oast 

%0 • 0*1 par cent SaHCO- proved vary effective in lowering 

dona the drying rat io . The next beat alternative for lowering 

the drying ratio was 2.0 ptr cent SaCl + 0.2 per cerat KMS set 

of cheaicals which was better than the tap water blanching. It 

was also found that the HTST atthod ia superior over KTMT and 

LTLT act hods for bringing down tht ratio, 

Aa regards tht effect of drying atthod on drying ratio 

tht data clearly indicate that the cabinet-drying atthod ia 

far better than tht sun-drying atthod. In sun-drying control 

sample tht ratio was 1»16# whioh ia widtr than aay othtr ratio 

including sun-dried aa wall aa oabi net-dried oat a. Tht 

coabination of boiling teaperature for two ainutea with 0.5 

par teat KMS + 0.1 ptr cent 1%0 •*• 0.1 ptr etat HHCOj i s 

cabinet dried sample lowered drying ratio to tht Minimum of 

1 ill*06 aa against It 12.07 la sun-dried aaaplt having tht saw 

treatment. 
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the above findings are in agree went vita those of Weieer 

(1962) and Patil (1976). Weiser (1962) reported that the drying 

ratio ia higher in unbleached product than that of blanched 

product while Patil (1976) who stated that the HTST method with 

chemical preservatives like OS, MgO, laCl and BaHCO. effectively 

brought down the drying ratio when dried i s cabinet-drier. 

4.1.5 Effect on chlorophyll during storage t 

The treated samples along with control product were at ore d 

at room temperature for a period of three Months and were 

analysed for chlorophyll, ascorbic acid aad beta carotene 

content. The losses were calculated with reference to their 

original content in fresh samples on dry weight basis. She 

results are embodied ia Tablee HO,2, 3 and 4 and graphically 

represented i s Fig.2, 3 and 4 respectively. 

A perusal of the data in fable 2 will reveal that there 

was aaxiijum loss of chlorophyll via, 67.78 per eent in 

unblanched sun-dried sample at the end of a south*a storage. 

There was a steady reduction in the loss of chlorophyll frew 

unblanched sample towards blanched aawplee with or without 

chesicals in blanching water. 

Aoong the tiwe-teaperature regiaes the HTST was better 

than the W!ffl! and LTLT with cbeaicale or without cheaicale. 

Similarly the cheaical eoabination of 0.5 per eent KM8 • 0*1 

per eent MgO + 0.1 per eent a*HC0u was better than 2.0 per eent 

Nad + 0*2 per eent KlflS and no cheaioal blanching i s that order. 

She best treatment for amxlma retention of chlorophyll was the 
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Safe]* 2 i Data regarding per cent loss of chlorophyll la 
spinach during storage i s sun-dried aad cabinet-
dried products (valuss calculated oa dry weight 
basis) . 

Treatment Per cent loss in sun- Per seat loss la cabinet-
symbol dried product after dried product after 

One Two Three One Two faxes 
month montha montha month months months 

*o 67.78 76.47 83.99 58.91 71.55 78.42 

Aih 63. G7 73.08 78.86 54.94 65.67 73.01 

A«B< 60*21 67.17 74.12 51.22 58.43 67.94 

Aih 34.26 62.00 69.52 45.70 53.88 62.90 

h*o 61.23 68.78 74.85 52.00 59.90 68.87 

A2B1 55.000 62.94 70.00 47.12 55.04 59.72 

*2\ 50*90 36.99 64.29 43.33 48.53 54.89 

*3T) 58.66 64.87 70.96 50.02 54.01 65.28 

Vi 52.77 38.36 67.42 44.04 49.26 56.98 

Hh 44.13 50.26 57.95 37.95 42.80 48.43 

oas vlilob was blanched with 0.5 asz* scat KMS + 0.1 par cent BfcO 

• 0.1 par cent HaHCO, at boiling temperature. 

Similar trend of chlorophyll loas was observed la a l l ths 

treatments under Bun-drying at ths sad of two aoatha storage. 

But there was a further loss of chlorophyll ia each sample 

whether blanched with or without chemicals. However, than was 

a much lass loss as compared to unblanched control and ths same 

treatment of boiling water blanching with three obsmleals for 

two minutes was better than a l l other treatments and ths loss 
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was to tht extent of only 30.26 per etnt as compared to 76.47 

ptr etnt in unblancbed control. 

Mt tht tnd of thrtt months storage also a similar trend 

la chlorophyll loss was observed In tht treatments under tun-

dry lng. The chlorophyll lossts wort further Inert ate d la a l l tht 

treatment*. Even then tht treatment of blanching with three 

ohealcala at boiling temperature for two minutes had tht minimum 

loss of 37.93 ptr cent against tht 85.99 ptr cent la unblancbed 

control which i s also quits erldeat from Piatt 11(2) and 1(2). 

All tht treated samples rttained more chlorophyll than tht 

unblancbed sun-dried aaaple. 

As regards tht method of drying a l l tht cabinet-dried 

saaplts rttained aore chlorophyll than tht sun-dried saaplts 

under taeh treatment (Piatt I ) . An unblancbed sun-dried aaaple 

lost as much as 67*78 ptr cent, 76*47 ptr etat and 83*99 ptr cent 

as agaiast 38,91'ptr cent, 71*53 ptr etat and 78.42 ptr etnt 

respectively at tht tad of 1st, 2nd and 3rd month's storagt of 

unblanohed cabinet-dried saaplt. The ass of thrtt chemicals 

ia blanching water helped to reduce the chlorophyll l ess to the 

maxima extent followed by the use of two chemicals. The 

samples blanched without chemicals at a l l the time —temperature 

re f ia t s also were superior to the unblancbed oabintt-dried 

samples as la sun-dried samples. There was as l i t t l e as 48*43 

per oent loss of chlorophyll la the «ample blanched with three 

chemicals at boiling temperature for two ainutet, as agaiast 

83*99 per oent of the unblancbed produet at tht tad of the same 
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period i . « . 3 months of storagt (Platte 1(2) and 11(1). 

However, the ratt of lose of chlorophyll afttr storage 

was oore In treated samples aa compartd to unblancbed control 

aa can tot seen from tbt Talus* given la Tablt 1. Tht lose of 

chlorophyll immediately afttr treatment was 53*74 ptr east ia 

unblanebtd control which inert attd to 83.99 ptr ctnt (30*25 ptr 

otnt further loss during storage) whilt tht original loaa of 

11*59 ptr cent in tin bttt treatment under cabinet-drying was 

enhanced to 48.43 par cent (an increase of 36*89 ptr cent) at 

tnt end of the aasft period of storagt* This could bo attributed 

to the heavy lose of chlorophyll in tot unblancbed sample in tht 

beginning. 

Froa the above re suit a i t ia vary clear that without 

blanching there ia no inactivation of ensyaes which resuite ia 

loaa of chlorophyll during drying and subsequent storage. 

Blanching helps in controlling tnt oxidation of chlorophyll, 

fegenkaeeht (1952) reported that chlorophyll i s dt-colourised 

due to oxidative reaction. The alpha hydroxy-acid dehydrogenase 

aystea in green plants oxidises glycolic aeld which causes 

de-colouriaation of chlorophyll. Bhatia rt aJL. (1963) atated 

that chemical preservatives art essential during blanching for 

preserving chlorophyll in storagt. According to Patil (1976) 

there ia sort loss of chlorophyll ia sun-dried produet than that 

of cabinet-dried produet* Hi farther explains that during tbt 

sun-drying there i t frtt and open air which must ha acot It rating 

tht ratt of oxidation which ia not tht case with tbt cabinet-

drying. 



PLATK I 

I 
1. Cabinet-dried c o n t r o l product of spinach 
2 . Sun-dried control product of spinach 

PLATE IT 

^ 

I 
1 . Cab ine t -d r i ed p roduc t , blanched with 0,5** KM? * 0.1< 

ySgO *- 0 . 1 ^ Na'HCO-* a t b o i l i n g t e m p e r a t u r e , 

2 , Sun-dried p roduc t , blanched with 0 .5^ KM? + 0.1< BfeO 
+ 0 . 1 ^ NaHCO^ a t bo i l ing temperature 
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4.1.6 Bfftct on aacorblo aoid during storagt i 

Tbt data preatnttd in Tablt 5 rtrjal that ttatrt was 

•aadatta loss of aecorbio acid wia, 84.92 par east in un blanched 

sun-dried control aaapl* at tht and of firat aoath's storage. 

Than waa a gradual reduction in th« loss of ascorbic acid froa 

unblanohed 8 amp It a towards tht blanched aanplts with or without 

aha • l ea l . 

Table 5 • *»r cent loss of ascorbic acid of spinach In 
sun-dried and oabintt-drltd product during atorage. 
(Values calculattd on dry weight basis) . 

— w w — i m m w i n immmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmtmimmmm mmmmmummmmmmmmmimmmmmmm 

Treatment Per otnt loss la sun- Par cent loss la oabinet-
syabol dritd product afttr dried product after 

Out 
month 

Two 
•oaths 

Three 
•oaths 

Oat 
•oath 

Two 
•oaths 

Starts 
•oaths 

A o 84.92 96.01 100.00 79.12 90.91 100.00 

A ^ 76.88 80.06 93.20 70.05 76.94 85.97 

*i«i 71.54 78.22 90.70 67.07 68.88 81.16 

k \ \ 56.01 66.03 89.06 54.97 60.00 78.04 

* 2 % 67.00 70.41 87.05 39.14 65.03 79.99 

Vl 62.01 64.09 81.09 51.01 59.19 74.09 

*2B2 55.30 57.07 79.01 48.78 55.20 70.13 

A5»0 61.54 67.19 85.07 58.02 61.18 76.77 

1,8, 55.55 58.83 79.17 50.30 58.02 71.16 

*5B2 49.04 53.61 75.21 46.00 52.35 67.20 

As regards the tiac-temperature combination, tht BfSf 

atthod waa hitter thaa tea MTMT sad LTLT Bathos* with or without 
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ohemicalB. Tht most t f f te t l f t chemical combination for retaining 

maximum ascorbic acid during storage was found to be tbt one 

blanched with 0.5 par cent IMS • 0.1 per cent agO • 0.1 per cent 

NaHCO,, which was followed by 2.0 per oent NaCI • 0.2 per cent 

IS* blanching and no chemical blanching, flit tap most treat oent 

for maximum retention of ascorbic acid was the out which was 

blanched with 0*5 ptr cent l i s + 0.1 per cent MgO + 0.1 per cent 

KaHCO- at boiling temperature during first month's storage in 

both the methods of drying. 

Siailar trend of ascorbic acid leas wae observed in a l l 

tbt trtataents under sun-drying at the end of two month's storage. 

However, there was a further increase in loss ef ascorbic acid 

in each sample of treated as well as untreated ones. There mat 

much sort lost of ascorbic acid in unblanched product than that 

of treated with or without c he mica Is . The treatment of boiling 

teaperature blanching with OS, agO and BaBOÔ  s i t was better 

than a l l other treatments and tbt loss was to tbt extent of only 

93*61 per went as against the hasty l ess of 96.01 per sent in 

unblanched sample. 

At the end of thrae months also a s ia i lar trend of ascorbic 

acid loss was observed i s tbt treatment under sun-drying. Tbt 

ascorbic aeid losses wart farther increased i s a l l tbt treatments. 

The amount of ascorbic acid lost in blanched treatment with EMS, 

1&0 and NaHCÔ  was tht lowest as compared to tbt othtr set ef 

ehumieals and tap water blanching. The maximum loss was 

observed in control sample wis. 100 per eent, whereas, i t was 

minimum -vis. 79*21 ptr etnt in a sample blanched with Xl@» sgO 
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and BaHCO. at Belling teaperature for two ainutee. The trend 

of blanching* ebtaieala and HTGT processing ranalnsd the aaaa 

in cabinet-drying alao. 

As ra garde tba not hod of drying, a l l the cabinet-dried 

aanples ratalnad more aocorbic acid than sun-dried aaaplas 

under any treatment. Tna loos of aocorbic acid in unblancbed 

ouB-dritd Bamplt was aa «uoh as 84.92, 96.01 and 100 nor etnt 

aa against the corresponding figures of 79.12, 90.91 and 100.00 

par cent at the and of f i r s t , second and third aonth's storage 

respectively of unblancbed oabinet-dried saaple. In this oase 

the cabinet-drying proved to be superior to sun-drying upto 

second month out at tba and of third nontto both were similar 

as in both methods there was cent par oent loan of aocorbic acid. 

The A.Bg treatment retained aaxiauQ amount of asoorbic acid in 

both tba aataods of drying but tba aaeunt retained was aore in 

case of oabinet-dried than that of sun-dried aaaple, thus 

indicating tba superiority of cabinet-drying orer sun-drying. 

As tba ascorbic acid i s oxidative in nature, i t la wary 

diff ieult to preserve during storage, swan than i t was ratalnad 

upto the maximum extent in sulphited products at the and of 3rd 

•onth. The reason nay be that tba sulphur dioxide gave strong 

protection to the product preventing tba oxidation of ascorbic 

acid by releasing i t s e l f slowly and getting reduced in place of 

ascorbic acid. Crueas (1943) also reported that blanching 

before dehydration in sulphur dioxide or with bisulphite helps 

in retaining more vitaain (ascorbic acid) during atoraga* » 
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further stated that tbt Iota of vitamin 0 la moot of tbt 

dehydrated vegetable • without blanching was severe and could be 

even 100 per eent within a few weeks of storage. Singh (1973) 

found that 0.3 per eent KMS in blanching solution avoided browning 

of cabbage after dehydration and retained maximum amount of 

aeoorbio aeid during subsequent storage* This was latter 

confirmed by Pat11 (1976)• As regards other blanched treatroute 

which retained some ascorbic aeid even at the end of three Month's 

storage, i t can be said that the biological ay stews which cause 

degradation of ascorbic asld were denatured at various blanching 

temperatures and as sues the process of degradation was sieved 

down (Annon, 1974)* 

4*1.7 Effect of storage on beta earetons t 

The data presented in Sable 4 clearly indicate that there 

was maximum lose of seta oarotene v/ia. 53.12 per eent in 

unblanehed sun-dried sample at the end of a •onth*s storage. 

There was a gradual reduction in the lose of beta carotene 

frow unblanehed sample towards those blanched with or without 

chemicals at any tirae-tenperature and chemical combination. The 

ease trend was alec observed in cabinet-dried a amp lea. 

As regards the tine temperature effect for conserving acre 

carotene during storage the high-temperature short-tine method 

(HfSSf) was better than the mm and LTLT method*, coupled with 

any set of chemicals* As regards the effectiveness of chemical 

combinations, i t was found that both sets of chemicals were 

helpful in retaining beta carotene during storage but the KMS, 
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fable 4 i Bsr cent loaa of beta carotene of spinach la 
sun-dried and cabinet-dried product* during 
storage (Yaluee calculated on dry weight basis). 

Treatment 
•yrabol 

Per cent loaa ia sun-
dried product after 

Per cent loaa la cabinet-
dried product after 

One 
month 

Two 
months 

Three 
months 

One 
month 

Sao 
Boatha 

Three 
months 

AQ 55.12 65.17 74.55 48.66 55.52 66.22 

A1B0 48.35 58.35 65.00 43.77 48.60 59.25 

A1B1 47.25 54.72 61.15 42.52 46.22 57.50 

* 1 % 42.87 50.00 56.62 38.98 43.50 52.72 

*2% 42.73 51.23 58.76 40.18 45.06 52.38 

hh 39.63 46.86 53.40 36.40 40.30 49.38 
kz\ 38.56 42.93 51.36 31.23 37.83 45.78 

Hh 42.54 49.71 56.91 58.56 44.96 50.08 

Hh 38.08 44.74 53.58 32.45 37.13 45.51 

H*2 36.11 40.82 50.31 29.18 32.20 42.82 

SggO and NaHCO, set waa superior over the other set la both, 

sua- aa well as cabinet-drying method a. The beat treatment yia, 

jUBg which was blanched at boiling temperature with three 

chemicals for two minute• leat 36.11 per cent of carotene la 

sun-drying and 29.18 per cent la cabinet-drying. 

Shis waa followed by the treatment blanched with the 

set of two che mica la, which la turn waa followed by tap water 

blanching In retention of higher quantity of beta carotene. 

Similar trend of beta carotene loss waa observed la a l l 

the treatments under sun-drying as well aa caninet-drying at 
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the end of two months* storage. There was increases in lots 

in a l l the treated as well as control samples. However, there 

was oueh less loss observed in a treated sample than the control 

one. The same treatment Tie. A-Bg retained maximum carotene 

• i s . 40.82 per cent and 32.20 per cent in sun-dried and eabinet-

dried samplee respectively at the end of second month. This 

treatment was followed by A2B2 and A ^ in that order in both 

the methods of drying. 

At the end of three months' storage also a similar trend 

in beta carotene loss was observed in both the methods. The 

carotene losses were further increased in a l l the treatments. 

Even then the treatment A-Bg had the minimum loss of carotene 

Tie. 50.31 per cent and 42.82 ptr cent in sun-drying and cabinet-

drying respectively. All treated samples retained more carotene 

than control sample but the amount retained by chemical blanching 

was wore than that of tap water blanching treatment. 

As regards the method of drying, a l l the cabinet-dried 

products retained more carotene than the sun-dried ones. A 

blanched sample A-Bg which was best among a l l the treatments, 

retained 36.11, 40.82 and 50.31 per cent of beta carotene under 

sun-drying at the end of 1st, 2nd and 3rd month's storage as 

against 29.18, 32.20 and 42.82 per cent for the respective 

period of storage in cabinet-drying, thus indicating that the 

cabinet-drying i s better than sun-drying method both for treated 

as well as untreated samples. 

As regards the rate of loss of beta carotene after drying 

during storage, i t was observed that the unblanehed control 
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•ample of spinach loet 48.08 per cent of beta carotene 

immediately after drying which increased to 53.12 per cent at 

the end of f irst month's storage (an increase of 5.04 per cent) 

as against the A.Bg treatment where the loss was increased by 

25.09 per cent for the sane period. This i s due to the maximum 

loss of carotene during drying of control sample which, therefore, 

loses lees beta carotene during the f irst month in storage. 

The above results coincide with those obtained by Thelaa 

(1944)t Morgan (1944)# Peinberg (1973), Salem and Hegasi (1973) 

and Patil (1976) in respect of blanching effect , chemical 

preservatives and drying method. 

4.1.8 Rehydration i 

The object behind rehydration was to find out the water 

absorbing capacity of the dried product under different sets 

of treatments. The rehydration was done by dipping 5 g of dried 

sample in 100 ml of hot water having 75*C temperature. The 

product was kept in water until i t became soft enough and 

attained i t s ful l turgldity. It took on an average about one 

hour in a l l samples to reach this point. After dipping for one 

hour the water was completely drained out. The rehydration ratio 

was calculated by dividing the turgid weight by dry weight. The 

data are presented in Table 5. The data reveal that there was 

no such difference between blanched and unblanehed samples of 

dried material in respect of rehydration ability in both the 

methods of drying. The unblanehed samples of both the methods 

of drying absorbed more water than the blanched products which 
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were treated by LTLT and MTMT processing met hod 8, thus 

indicating that tbe LTLT and MTMT netboda render tbe product 

bard which may help in preserving tbe product for a longer 

time in storage. 

Table 5 » Rehydration ratio of spinach 

Treatment Sun-dried Cabinet-dried 
product product 

A o 3.40 3.48 

A1B0 2.01 2.40 

A<|B1 2.20 2.23 

A 1 % 3.15 3.16 

*2% 2.40 2.81 

Vl 2.35 2.36 

hh 3.50 3.61 

S% 2.80 2.89 

A3B1 2.85 3.00 

*5% 3.55 3.70 

As regards tbe use of chemical preservatives for increasing 

tbe water absorbing capacity there was no remarkable difference 

between the two sets of chemicals. However, the KMS, HgO and 

NaHCO. combination absorbed slightly higher quantity of water 

than tbe other combination. Tbe samples treated with or without 

chemicals at 80*C + 1°C and 90*C • 1*C temperature absorbed less 

water than tbe control sample in both tbe methods of drying. The 

sample blanched at boiling temperature for two minutes with 
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chemicals absorbed more water than the control sample. 

About the effectiveness of drying method for increasing 

the rehydration ratio there was no considerable different i s 

between sun-drying and cabinet-drying; however* the cabinet-

drying slightly increased the rehydration capacity than the 

sun-drying method. In control samples of sun-drying the ratio 

was 3*40 as against 3*48 in cabinet-drying, fhe best treatment 

was A.Bg which absorbed and held wore water as can be seen from 

i t s rehydration ratios of 3.55 and 3.70 in sun-drying ant cabinet-

drying respectively. 

The above findings fairly agree with those obtained by 

Teaotia and "wast hi (1968). They reported that the 0.2 per cent 

sulphiting treatment to jack fruit bulb during blanching gave 

better rehydration ratio. Patil (1976) also found that the 

cabinet-drying method gave maximum rehydration yield when the 

samples were blanched with OS, %0 and HaHCO. chemicals, 

4.1.9 Culinary quality of the product t 

The culinary quality of the product was assessed by a panel 

of 5 judges in respect of colour, texture, flavour, appearance 

and taste of prepared vegetable. The data on the scores of 

different treatment products are summarised in Table 6. A 

perusal of the data will reveal that various organoleptic test 

parameters of products, scored differently for each treatment. 

The unblancbed product In both the methods of drying secured 

the lowest marks than the blanched product with or without 

chemicals. The sun-dried products secured less marks in each 
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aapeet v i s . colour, flavour, texture and taste . The colour 

of control product was very falat dut to which the appearance 

was unattractive. The taatt of control product waa not too bad 

aa against the blanched product* 

As regards the effect of chemicals on culinary quality, 

the blanched samples with chemicals scored higher marks than 

the water blanched samples in both the nethods of drying. Among 

the chemical sets* the KMS, SfeO and BaHCO. set secured maximum 

marks than the other set of chemicals. There was no remarkable 

difference found in the ssthods of processing. However, the high-

temperature short-time method secured sore marks than the MTMT 

and LTLT methods of processing. 

There was considerable difference in sun-dried and cabinet-

dried products in respect of colour, flavour and appearance. All 

cabinet-dried products including the control one secured more 

marks than the sun-dried product under the sans set of treatments. 

The cabinet-dried product had dark green colour and thus had a 

good appearance, whereas, the sun-dried product lost i t s colour 

during storage and after cooking, the sample became pmle yellow. 

The best treatment was jUBg which was blanched at boiling 

temperature with KMS, B&O and H&RCO- chemical combination. It 

secured maximum marks i . e . 83 and 70 per cent in cabinet-drying 

and sun-drying methods respectively. This treatment was 

superior over each aspect of test against the other treatments 

in both the methods of drying. 
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4*2 Oram leaves J 

Effect of blanching, chemical preservatives, time-

temperature combination and drying method on the retention 

of chlorophyll, ascorbic acid, beta carotene and drying ratio 

after drying on gram leaves were studied and the data are 

presented in Table 7 and graphically represented in Fig. 5. 

4.2.1 Effect on chlorophyll t 

The data reveal that there was severe loss of chlorophyll 

in unblancbed product SJB compared to blanched one with or 

without various chemicals at different time-temperature 

combinations. There was as much as 51.00 per cent loss in 

sun-dried control product and the loss was gradually reduced 

through different treatments and i t was minimum i . e . 12.15 per 

cent in a treatment which was blanched at 90*C + 1°C temperature 

for two minutes with 2.0 per cent BaCl + 0.2 per cent K!©. 

As regards the chemicals ussd in blanching process, i t 

was observed that 2.0 per cent NaCl • 0.2 per cent KJ/S was a 

better combination of chemical preservatives, mxt to above 

the chemical combination of 0.5* KMS + 0.1 per cent KgO • 0.1 

KaHCO. was found to be good followed by water blanching treatment 

in comparison with unblancbed products. Among the methods of 

blanching, i t was observed that HTST method was superior over 

WMT and LTLT methods with or without chemicals as there was 

gradual reduction in the loss of chlorophyll content with these 

combinations from LTLT through HTST Mitbod. 



T
ab

le
 7

 
D

at
a 

on
 t

be
 e

ff
ec

t 
of

 V
ar

io
us

 t
re

at
m

en
t*

 o
n 

gr
aa

 
li

e
n

s 
(f

al
sa

a 
ca

lc
u

la
te

d 
on

 d
ry

 w
ei

gh
t 

b
aa

la
).

 

T
re

at
m

en
t 

C
hl

or
op

hy
ll 

f 
lo

aa
 

A
sc

or
bi

c 
ac

id
 j

> 
lo

aa
 

B
it

a 
ca

ro
te

ne
 

jL
 l

oa
a 

D
ry

in
g 

ra
ti

o 
a

y
n

b
o

l 
" 

- 
•-

—
"-

"-
--

>
--

--
--

-—
--

--
--

-—
• 

• 
So

n*
 

C
ab

in
et

- 
Su

a*
 

C
ab

in
et

 
Su

n-
 

C
ab

in
et

- 
Su

n-
 

C
ab

in
et

-
dr

yi
ng

 
dr

yi
ng

 
dr

yi
ng

 
dr

yi
ng

 
dr

yi
ng

 
to

yi
ng

 
d

ry
in

g 
dr

yi
ng

 

*0
 

51
.0

0 
40

.4
5 

69
.9

2 
55

.4
1 

49
.0

9 
37

.1
1 

11
7.

50
 

11
6.

65
 

A
1%

 
43

.9
2 

35
.4

2 
55

.5
2 

45
.0

4 
30

.4
8 

24
.9

7 
lt

6
.8

0 
Ii

6
,3

0 

A
1B

1 
39

.0
0 

32
.4

5 
51

.7
8 

37
.8

3 
28

.1
5 

22
.5

3 
1*

6.
20

 
1*

5.
75

 

*1
%

 
31

.0
8 

25
.5

6 
46

.2
8 

26
.9

9 
25

.7
9 

20
.3

2 
11

4.
90

 
lf

4
.4

5 

*2
%

 
32

.0
1 

28
.7

9 
45

.5
7 

36
.6

1 
27

.2
7 

22
.0

8 
lt

5
.0

0 
1*

4.
55

 

A
gB̂

 
23

.1
3 

18
.4

3 
37

.4
2 

25
.5

5 
20

.0
8 

18
.3

6 
lt

4
.5

5 
11

4.
12

 

Â
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Tht data of the same Table further indicate that the 

cabinet-drying method le helpful for retaining acre chlorophyll 

than the sun-drying method. The loss of chlorophyll in sun-

drying control method waa 51.00 per cent, whereas, in cabinet-

drying control product, i t waa only 40.45 per cent immediately 

after drying. 

The above findings are in agreement with those obtained by 

Dietrich (1958), Gupte and Iraneis (1964), Van et g l . (1964) 

and Button (1943). Dietrich (1958) observed that there was 

conversion of chlorophyll to pheophytin during processing, 

Wagen Knecht e£ gl« (1978) found that blanching helped in 

preserving chlorophyll. According to Dietrich (1965), as the 

duration of blanching increases, the losses of chlorophyll also 

increase. Gupta et a l . (1964) found that spinach processed by 

HTST method retained more chlorophyll than that by LTLT method. 

Bbatla (1963) concluded that ohemical preservatives like HaHCO,, 

ifcO, KMS were helpful in minimising the chlorophyll losses during 

blanching and subsequent drying of peas. 

4.2.2 Effect on ascorbic acid t 

The data in respect of above constituent in Table 7 reveal 

that there was considerable loss of ascorbic acid in unblanched 

product i . e . 69.92 per cent of sun-dried control as compared to 

blanched product with or without chemical in any time-temperature 

combination. The maximum loss v iz . 69.92 per cent was observed 

in sun-dried control and gradually i t lowered down upto 25.91 

per cent in a sample blanched at 90*C ± 1°C temperature with 

2.0 per cent Bad + 0.2 per cent KV® tor 2 minutes. 
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When the effectiveness of chemical ia considered, the 

combination of 2.0 per cent NaCl + 0,2 KMS was better followed 

by the other set of chemicals v i s . 0,5 per cent KMS + 0.1 per 

cent MgO + 0.1 per cent NaHCO- and tap water blanching in that 

order. As regards the time-temperature combination the high-

temperature short-time (HTST) blanching was better than medium 

temperature for medium time and low temperature for long tine 

blanching with or without chemical in both the methods of drying. 

Similar trend of reduction in ascorbic acid loss was 

observed in eeblnet-drying which was superior to sun-drying 

in each of the treatment combinations. The loss of ascorbic 

acid was 55*41 per cent in cabinet-dried product* which was 

unblanched control as against 69.92 per cent in sun-dried 

control. The minimum loss of ascorbic acid was observed to be 

25.91 per cent in AgBg treatment of sun-drying method which was 

further lowered down to 13.49 per cent in cabinet-drying for 

the same time9 temperature and chemical combination. 

Rrom the above brief account i t i s very clear that the 

blanching by ETST method with chemical preservatives coupled 

with cabinet-drying i s helpful for retaining maximum amount of 

ascorbic acid. These findings are in agreement with the 

findings of several workers. Eheart et, a l . (1945) reported 

that blanched beans were richer in ascorbic acid than the 

unblancbed ones. Malekar and Banerjee (1959) studied the 

retention of ascorbic acid during blanching and concluded that 

blanching in sulphite solution was the best method for retention 

of ascorbic acid in vegetables. 
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In ease of 2.0 per cent NaCI + 0.2 per cent KMS blanching, 

the leaching of ascorbic acid was prohibited. The chemical 

combination gives protection to the ascorbic acid as K¥S gets 

reduced f i r s t . As a result there are less losses of ascorbic 

acid which were blanched with these chemicals. Cruese (1943) 

found that the ascorbic acid was well retained when the 

-vegetable was sulphited before drying. According to Singh (1973) 

blanching with 0.3 per cent KMS was good for avoiding browning 

of cabbage after dehydration while Patil (1976) reported that 

use of chemicals during blanching helped in controlling the loss 

of ascorbic acid. Hi further reported that the high-temperature 

short-time method of processing was superior over ITLT method 

for retaining more ascorbic acid. Sale* and Eagasl (1973) 

reported that the sun-drying caused more loss of vitamin than 

the quick vacuum drying. 

4.2,3 Effect on beta carotene i 

The data presented in Table 7 reveal that the highest loss 

of beta carotene was found in unblanched control sample as 

compared to blanched product with or without various e he mica la 

at different time-temperature combinations. There was as much 

as 49.09 per cent loss in sun-dried control sample but when the 

blanching was done with various chemicals, different time-

temperature combinations was gradually reduced and was observed 

to be minimum i . e . 13.49 in a treatment which was blanched at 

90»C + 1°C temperature with 2.0 per cent NaCI • 0.2 per cent 

KWS solution. 
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Among the various chemicals used in blanching solution, 

it was observed that 2.0 ptr c«nt RaCl • 0.2 ptr etnt KMS 

combination was superior over tht other s t t of chemicals and 

over no chemical blanching. It i s also evident from Table 7 

that the AgBg treatment in sun-drying allowed tht lose upto 

12.93 per cent only as against If .49 per etnt in A-Bg treatment 

and 25*79 per cent in Â Bg treatment which was wattr blanching 

thus indicating that tht ilgBg treatment i . e . 2.0 ptr etnt NaCl + 

0.2 ptr eent Krs i s most effective in controlling tht loss of 

beta carotene. As regards tht time temperature combination the 

90* + l ° c for 2 minutes was superior over both the other 

temperature with any chemical stt or no chemical, in both tht 

methods of drying. It was followed by MTMT and LTLT methods 

in that order. 

The reduction trend of loss of beta carotene, which was 

observed in cabinet-drying proved superior over the sun-drying 

in each of the treatment combinations. The less of beta carotene 

in oabinet-drled control samples was 37.11 per cent as against 

49.09 per cent in sun-drying control product, thus showing tht 

effectiveness of cabinet-drying in retaining beta carotene. 

Tht results obtained by Morgon (1944) fairly agree with 

those obtained in this study. Hi reported that the dehydration 

of mustard green and spinach leet their beta carotene to the 

extent of 27 per cent<26 per eent in unblanched spinach and 

mustard green sample respectively but there was no loss of 

carotene in blanched spinach sample and i t was only 20 per cent 

in blanched mustard green sample. 
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Patil (1976) stated that tht combination of KSS, MgO and 

BstHCO- with HDST method preserved maximum amount of carotenoid 

during blanching and dehydration. Ht also reported that tht 

quick drying method was far batter than tht slow drying method 

for retaining beta carotene in fenugreek after drying. 

4«2.4 Effect on drying ratio t 

Tot data presented in Table 7 reveal that the blanched 

sample had lower drying ratio than tht unblanched sample in 

both the methods of drying. In sun-drying control* tht drying 

ratio was observed to be la7.50 in un blanched and i t was 

minimum i . e . Ii4.05 in a treatment blanched with 2.0 ptr etnt 

HaCl + 0.2 per cent KMS. 

As regards tht t f f tet of chemical combination for bringing 

down tht rat io , i t was observed that 2.0 ptr eent NaCI 4-0.2 ptr 

etnt KMS gave tht lowest drying ratio followed by the other set 

of chemicals and without chemical blanching. It i s very clear 

from tht data in tht same Table that in cabinet-drying tht ratio 

was lowtr than that of sun-drying. Hit treatment A^^ in 

cabinet-drying gave tht ratio lt3.55 as against lt4.05 i s sun-

drying of tht same time-temperature and chemical combination. 

The above findings art in l int with those of we leer (1962) and 

Patil (1976). V-tistr (1962) reported that the drying ratio was 

higher in unblanched product than that of blanched product while 

Patil (1976) stated that the HTST method with chesical 

preservatives like K&S, MgO, HaCl and FaHCOj t f f tct ivt ly brought 

down the drying ratio when dried in cabinet-drier. 
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4.2.5 Effect of different treatments on retention of 
chlorophyll, ascorbic acid and beta carotene of 
gram lea-res during storage for three months at 
room temperature t 

The treated samples along with the control product were 

stored at room temperature for a period ot three months and 

were analysed for chlorophyll, ascorbic acid and beta carotene 

content at the end of each month. The results obtained are 

presented In fables 8 , 9 and 10 and graphically represented in 

Fig.4# 5 and 6 respectively. 

4.2,5.1 Effect on chlorophyll s 

The data in respect of chlorophyll loss during the 

storage period, presented in Table 8 reveal that there was a 

severe loss of chlorophyll v i s . 59.48 per cent and 52.87 per 

cent respectively la unblanebed control of sun-dried and 

cabinet-dried products at the end of a month's storage. There 

was a gradual reduction in the loss of chlorophyll from 

unblanebed samples towards blanched samples with or without 

chemicals in blanching water, as i s evident from Plate III . 

As regards the time-temperature regimes the HTST method 

was better than KTK? and LTLT methods with or without chemicals 

in both the methods of drying. Similarly the chemical combi­

nation of 2.0 per cent Had + 0.2 per cent KMS was found to be 

better followed by the other set ot chemicals v i s . 0.5 per cent 

KMS + 0,1 per cent %0 4-0.1 per cent KaFCO, and no chemical 

blanching in that order. 
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Table 8 t Data regarding the per cent loss of chlorophyll 
of gran leaves In sun-dried and cabinet-dried 
peoducte during storage at room teaperaturt 
(Values calculated on dry weight basis). 

Treatment 
symbol 

Per cent loss in sun-
dried product after 

Per cent loss in cabinet 
dried product after 

One 
month 

Two 
months 

Three 
months 

One 
BO nth 

Two 
months 

Three 
months 

A o 59 #48 68.27 73.05 52.87 61.01 64.96 

A 1 % 48.87 57.89 65.50 42.59 51.59 58.29 

A1B1 42.72 53.53 59.92 36.01 47.69 53.25 

A 1 % 39.96 49.82 55.46 32.15 45.90 51.31 

A23Q 45.47 51.81 57.28 35.01 42.98 48.10 

A2B1 38.74 43.07 50.00 31.01 38.01 43.03 

2 9 30.85 37.47 45.14 27.17 34.03 3 9 . U 

^ ^ 
48.20 54.22 60,93 37.32 49.32 54.33 

AjB, 41.79 46.22 54.85 35.95 42.88 47.06 

%B2 36.18 41.61 49.95 29.71 35.97 41.29 

Tbe best treatment for maximum retention of chlorophyll 

was A2\ *hlcb *&0 blanched with 2.0 per cent NaCl • 0.5 per cent 

KMS at 90*c + 1°C temperature for two minutes. This treatment 

lost 30.85 per cent and 27.17 per cent of chlorophyll in 

sun and cabinet-dried samples respectively at the end of a 

month's storage. 

The same trend of chlorophyll loss was observed in a l l the 

treatments in sun-drying as well as cabinet-drying at the end 

of two month'e storage. The loss further Increased in a l l the 
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sample« which were treated with or without chemicals and 

control samples. However, there were much less losses observed 

in samples which were treated in 2.0 per cent KaCl + 0.2 per 

cent Kl'S solution than in those samples treated with other set 

of chemicals and no chemical a blanching. 

At the end of three month's storage also a similar trend 

in chlorophyll losses was observed in both the methods of drying. 

The chlorophyll losses further increased in a l l the treatments 

and i t was maximum in control sample followed by no chemical 

blanching. The combination of MaCl and IMS proved to be superior 

than the other set of chemicals in both the methods of drying. 

At the end of third month's storage the k^z treatment restricted 

the loss to 45.14 per cent in sun-drying as against 39.11 per 

cent in cabinet-drying. 

km regards the method of drying a l l the cabinet-dried 

samples retained more chlorophyll than the sun-dried products 

which is quite evident from plate III . A blanched cabinet-dried 

sample with 2.0 per cent Bad • 0.2 per cent KVS lo s t , 27.17 

per cent, 34.03 per cent and 39.11 per cent of chlorophyll as 

against 30.85» 37.47 and 45.14 per cent in sun-drying at the 

end of 1st, 2nd and 3rd month's storage respectively. 

However, the rate of loss of chlorophyll after drying was 

more in blanched samples as compared to URblanched control during 

the f irst month's storage as ean be seen by comparing the values 

given in Sable 7 with the values of Table 8. The loss of 

chlorophyll immediately after drying was 51.00 per cent in 
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1. Cab ine t -d r i ed con t ro l 
2 . Run-dried c o n t r o l 
3 . Blanched sample with 2.0% NaCl + 0.2% KMS 

a t 90°C In c a b i n e t - d r y i n g 
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sun-dried control product which further inereaaed up to 59.48 

per cent after a month1 a storage (an increase of 8.48 per cent) 

whereas, for the same period of storage the loss was aorc than 

8.48 per cent in any of the treated samples. This can be 

attributed to the heavy losses of chlorophyll during drying in 

untreated samples and as such there was lesser loss in storage. 

On the contrary the losses of blanched products were minimum 

during processing and drying but they increased during storage 

of f irst month only. 

From the above brief account i t is very clear that the 

blanching with chemical preservatives i s essential for pre serving 

green colour through out the storage period, fhe results are in 

close agreement with those reported by Bhatla rt al.(1963) who 

maintained that the chemical preservatives are necessary during 

blanching for preserving chlorophyll during storage. Jafer 

(1966) reported that blanching of the okra with Had solution 

helped In maintaining the green colour of the fruit , while 

Sistnenk et a l . (1970) concluded that blanching treatment 

helped in colour retention of summer squash puree. Similar 

results were obtained by Patil (1976) working with fenugreek leaves. 

4.2.5.2 Bffect on ascorbic acid i 

A perusal of the data in Table 9 reveal that there was a 

maximum loss of ascorbic acid in unblanched samples in both 

methods of drying as compared to blanched samples with or without 

chemicals. The sun-dried control product lost i t s ascorbic acid 

upto 81,13 per cent as against 38.08 per cent in a sample 
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blanched by HTST method with 2.0 par cant NaCl + 0.2 par 

cent t¥B at the end of a month's storage. There was steady 

reduction In the loss of aaoorblc aeid from unblanehed to the 

blanched samples, with or without chemical blanching. 

Table 9 i Data regarding the per cent lose of ascorbic 
aeid of gram leaves in sun-dried and cabinet-
dried products during storage at room temperature 
(Values calculated on dry weight basis) 

Treatment 
Symbol 

Per cent l o s s in sun-
dried product after 

One Two Three 
month months months 

Per cent 
dried 

; l o s s in cabinet-
product after 

Per cent l o s s in sun-
dried product after 

One Two Three 
month months months 

One 
month 

Two 
months 

Three 
months 

A0 81.13 90.24 98.06 74.78 81.60 96.21 

A 1 % 73.21 83.68 90.51 64.12 71.98 81.23 

A1B1 66.96 76.96 84.27 54.97 66.42 76.34 

Hh 47.25 59.27 75.28 40.99 48.96 59.12 

AgBg 56.13 75.22 84.76 46.87 55.16 64.46 

A2B1 50.12 63.00 75.94 43.31 48.14 55.11 

A2B2 38.08 49.69 67.14 31.10 39.03 47.03 

H*o 65.94 78.70 87.03 58.14 65.22 70.38 

A3B1 60.41 72.67 80.22 45.00 60.19 61.31 

AjBg 44.68 54.05 71.24 37.48 46.99 52.10 

As regards the time-temperature range the high-

temperature short-time method proved to be superior than the 

KTKT and LT1T methods in sun-drying as well as cabinet-

drying. Among the various chemical combinations the set of 

2.0 per cent Ifed + 0.2 per cent K&S proved better than the 
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KVS, MgO and HeJiCG- combination. The A2Ba treat me •* lost only 

38.06 per cent of ascorbic acid as against 44.68 in -the J U ^ 

treatment and 47*27 per cent in A ^ treatment at the end of one 

eionth* s storage in sun-drying met bod* A sioilar trend of 

chemical effect was observed in cabinet-drying also. 

At the end of second month's storage also the trend 

remained the same under both the methods of drying. There were 

further losses of ascorbic aeid in a l l treatments. However, 

there were much less losses of ascorbic acid found in chemically 

treated samples than the water blanched samples and control 

sample. 

The loss of ascorbic acid further increased at the end of 

third month's storage in a l l the treatments and for both the 

methods of drying. Even then the treated samples in both the 

methods retained maximum amount of vitamin C than the other 

water blanched and unblanehed samples. The minimum losses were 

observed in / ^ ^ treatment -vis. 67.14 per cent and 47.03 per cent 

as against 98.06 per cent and 96.2 per cent in control of sun* 

dried and cabinet-dried products respectively, thus indicating 

that the chemical preservatives are much helpful for minimising 

the losses of ascorbic acid. 

As regards the method of drying a l l the cabinet-dried 

samples retained more ascorbic acid than the sun-dried samples 

under the same set of treatments. A blanched cabinet-dried 

product with 2.0 per cent HaCl + 0.2 per cent KMS restricted 

the loss to 47.03 per cent as against 67.14 per cent in 
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sun-drying after 3 month's storage period. So i t i s very clear 

that the cabinet-drying method i s far better than the sun-drying 

as t hod for preserving vitamin C. 

Eventhough the blanching helps in retaining more ascorbic 

acid during processing and storage, the rate of loss i s aore in 

blanched product with or without chemical during the f i r s t month 

of storage' eontent. This i s due to the lowest ascorbic acid 

in control product after drying, which automatically decreased 

the rate of further l o s s during storage, while the blanched 

samples with or without chemical treatment retained more ascorbic 

acid during processing and subsequent drying and the rate of 

loss increased during f i r s t month's storage, eventhough, i t was 

l e s ser than the t o t a l l o s s produced by unblanobed samples during 

the same storage period . 

The above findings are in close agreement with those 

reported by Eheart e£ a l . (1945), Morgan fjt a l . (1945)» Singh 

(1972) and Patl l (1976). Eheart (1945) reported that blanching 

i s a must for retaining maximum ascorbic acid while Morgan(1945) 

reported that blanched samples of spinach los t l e s s ascorbic a d d 

than unblanched ones during storage. According to Singh (1972) 

KF.'S i s e s sen t ia l for retaining ascorbic acid during storage. Ht 

has recommended 0.3 per cent KM in blanching water. Pat l l 

(1976) concluded that slow drying causes more loss of vitamin C 

during storage of fenugreek vegetable than that of oven-dried 

samples. 
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4.2,5.3 Effect on beta carotene i 

The data presented in Table 10 reveal that the blanching 

i s helpful in retaining wore beta carotene during storage as 

was the case with chlorophyll and ascorbic acid. IXtrlng storage, 

the blanched samples with or without chemical treatment retained 

appreciably more amount of beta carotene than the unblanched 

control samples in both the methods of drying. 

Table 10 t Per cent losses of beta carotene of gram leaves 
during storage, in Bun-dried and cabinet-dried 
products (Taluss calculated on dry weight basis). 

Treatment 
symbol 

Per ce 
dried 

One 
month 

nt loss in sun-
i product after 

Two Three 
months months 

Per cent 
dried 

loss in cabinet-
product after 

Per ce 
dried 

One 
month 

nt loss in sun-
i product after 

Two Three 
months months 

One 
month 

Two 
months 

Three 
months 

A0 57.33 62,40 68.53 49.10 56.62 60.10 

A1BQ 47.06 54.90 62.84 42.17 50.11 55.22 

**h 41.40 49.46 55.59 34.67 44.10 50.31 

A1®2 39.43 46.94 54.48 30.17 39.32 47.83 

A 2 B 0 41.54 47.09 51.01 36.26 41.39 47.25 

A2*1 36,19 38.60 44.56 31.23 36.89 42.50 

AmB*) 32.02 37.96 42.00 22.94 27.97 34.61 

A 3 % 42.14 45.91 54.09 37.41 42.12 49.19 

A3B1 41.05 41.05 50.88 33.55 40.20 46.02 

A 3 B 2 35.17 38.70 49.12 25.52 33.06 40.06 

As regards the time-temperature combination the high* 

temperature short-time method i s quite superior over the medium 
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temperature medium time and low-temperature long-time regimes. 

Similarly the chemical combination of 2.0 per cent HaCl + 0.2 per 

cent ITS proved to be better than the eet of other three chemicals 

and no chemical blanching. The treatment which was blanched with 

2.0 per cent KaCl + 0.2 per cent K*S UgB2) lost 32.02 per cent 

of beta carotene as against 35.14 per cent loss in A.Bg and 39.43 

per oent less in Â Bg during the storage period of f irst month 

in sun-dried product. 

Similar trend of reduction in loss of beta carotene was 

observed in a l l the treatments under sun-drying as well as 

cabinet drying at the end of 2nd month. Kit the amount retained 

by each treatment was different. The product blanched with 

NaCl and K's combination retained maximum amount of beta carotene 

than that of other set of chemicals and no chemical blanching. 

At the end of three month's storage also a similar trend 

in beta carotene loss was observed In the treatment under sun-

drying as well as cabinet-drying. The carotenoid losses further 

increased in a l l the treatments of blanching with or without 

chemical but the treatment of blanching with RaCl and KMS at 90° ± 

1*C temperature for two minutes had the minimum loss of beta 

carotene v i s . 42.00 per cent and 34.61 per cent in sun-drying 

and cabinet-drying respectively. The above treatment combination 

was followed by A-Bg treatment and A., Bj treatment in that order in 

retaining more beta carotene. 

As regards the method of drying there was considerable 

decrease in loss of beta carotene in cabinet dried product as 
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against sun-dried product under the same set of treatments, 

A blanched cabinet-dried product with HaCl + KFS U 2 ^ ) lost 

34.61 per cent of i t s ascorbic acid as against 42,00 per cent 

in sun-drying at the end of three month's storage* The same 

trend of reduction in loss of beta carotene was observed in 

other treatment combinations also* 

In respect of the rate of carotene loss observed in storage 

of blanched as well as unblanched samples as seen from Table 7 

and Table 10 i t la clear that the rate in unblanohed sample was 

low as compared to blanched ones during the 1st month's storage* 

This is because of low carotene content in unblanohed product 

after drying due to which the further storage loss was reduced* 

The results obtained in respect of beta carotene are in 

agreement with those obtained by Thelma (1944) who stated that 

during home drying, beet lost 18*30 per cent of i t s carotene 

and during storage the loss went upto 60 per cent. Mbrgan(1944) 

reported that there was loss of carotene during dehydration of 

unblanohed spinach and mustard green but when the samples were 

blanched the loss was effectively controlled. Fein berg (1973) 

reported that blanching helped in reducing the losses during 

storage* When the carrot was blanched with sulphite solution* 

i t lost 77*2 per cent of carotene as against 81.9 per cent in 

only blanching with water and 93*0 per cent in unblanched sample. 

4*2*6 Rehydration ratio of gram t 

The rehydration ratio of dried gram leaves was worked out 

in the same way as in spinach and the data so collected are given 
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in Tabla 11, 
Table 11 : Rehydration ratio of gram leaves 

Treatment Sun-dried Cabinet-dried 
product product 

*0 4.50 5.30 

A 1 % 3.40 3.45 

A ^ 3.21 3.20 

A1^> 3.45 3.50 

h^o 3.73 3.90 

*2*\ 4.30 4.25 

hh 4.70 5.60 

H*o 3.77 4.10 

^h 4.38 4.40 

AjBg 4.65 5.50 

The data reveal that the treatment in which the blanching 

waa done at 70eC + 1*0 and 80"C + 1#C temperature with or 

without chemicals absorbed lees water than that of unblanched 

control product in both the methods of drying. This indicates 

that the LTIT and yiMT methods of processing are not helpful 

in increasing the rehydration rat io . 

As regards the use of chemical preservatives for increasing 

the water absorbing capacity there was no appreciable difference 

between the two sets of chemicals and blanching solution. However, 

the 2.0 per cent KaCl + 0.2 per cent KMS combination absorbed 

more water than that of the other set of chemicals in both the 
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aw t hod a. Samples treated with both tht sets of chemicals 

absorbed sore water than that of water blanched samples. The 

samples blanched with both the sets of chemicals at 90° + l*e 

absorbed more water than that of control sample thus indicating 

that the HTST method only i s effective in increasing the 

rehydration rat io . 

About the effect of drying methods on rehydration capacity 

i t was observed that there was considerable different in sun-

drying and cabinet-drying. The cabinet-dried sample absorbed 

more water thou the sun-dried one. In almost a l l the treatments 

the ratio in control sample of sun-drying method was 4.50 as 

against 5.30 in cabinet-dried sample. The treatment k2\ vhich 

was blanched at 90* • l °c temperature for two minutes gave the 

maximum ratio of 5*60 in cabinet-drying as against 4*70 in sun-

drying. 

The data presented in Table 11 fairly agree with those 

reported by Teotia and Awastl (1968) and Patil (1976). Teotla 

and jkwasti stated that treatment to $aek fruit bulb during blanching 

lnprorcd the rehydration ratio while Patil (1976) reported that 

the cabinet-drying method gave maximum rehydration yield when 

the samples were blanched with KMS, W&O and NaHCÔ . 

4.2.? Culinary ouallty of the product t 

The culinary quality of the product was observed by a panel 

of five judges in respect of colour, texture, flavour, appearance 

and taste of prepared gram leaves vegetable. The data on the 

scores of different treatments products are presented in Table 12. 
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The data in Table 12 give clear idea that the 'various 

organoleptic teat parameters of products scored differently. Tht 

blanched samples with or without chemical secured more marks 

than tht unblanched control product in both tht Mtbode of drying. 

The un blanched product at cured It as marks in every test para­

meters. The colour of control product was very faint due to 

which the appearance of prepared vegetable was also unattractive. 

The blanched samples with any set of chemicals secured sore 

narks than the tap water blanched samples and control ones in 

both the methods of drying, Among the sets of chemicals used, 

the combination of Bad and IMS scored the highest marks followed 

by the other set of three chemicals i s each aspect of t e s t . There 

was not much different observed in samples blanched at different 

temperatures. However, very small different was observed between 

the three i . e . LTXT, KTT/T and HTST methods of processing. The 

HTST method secured higher number of marks than the other two 

methods. 

There was considerable difference observed in sun-dried and 

cabinet-dried products in respect of colour, flavour, appearance 

and taste, i l l the cabinet-dried products including tht control 

secured more marks than tht sun-dried products under tht same 

sst of treatments. Tht cabinet-dried product had dark green 

colour and thus had good appearance, whereas, the sun-dried 

products, were pale yellow in colour after cooling as they had 

lost most of their chlorophyll during storage of three months. 

The treatment AgBg was found to be the best one in respect of 

colour, terture, flavour and taste of the finished product. 
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securing maximum marks viz . 69 and 79 for sun-dried and cabinet-

driad products respectively. 

4.3 Comparative response of apinach and green leaves to 
various treat me nta 

The present study was undertaken simultaneously for spinach 

leaves as well as gram plant tops. It will be seen from the 

data presented in Tables 1 and 7 that spinach and gram responded 

differently to some of the treatments along with their response 

to most of the treatments was the same v i s . both gave better 

products when blanched as compared to unblanched ones. Similarly 

!!TST method proved to be superior to OTJMD and LTIT methods of 

processing in reducing the losses of chlorophyll, ascorbic acid 

and beta carotene, the essential constituents. Both produced 

better quality products when dried in cabinet-drier than in 

the sun. 

But the boiling temperature (HTST) which proved to be 

superior for spinach proved to be too high for gram. Boiling 

temperature produced pulpy mass of gram leaves and as such 90°C 

proved to be optimum high for gram leaves. This could be 

attributed to the lender t ips of tht gram plant tops and the 

ma le i c acid which i s present in i t . 

Similarly, the chemical combination of KM8, %0 and 

HaBUO-, which proved superior in reducing losses of chlorophyll 

ascorbic acid and beta carotene in spinach, proved inferior to 

Had + H?S combination for the same purpose in grams. This could 

be due to the interaction between the malelc acid of gram leaves 

with HaHC05 o r ngo or both which rendered the second set of 
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chenlcale ineffective for grams. There are BO published data 

available to support this assumption. 

Similarly, the drying as well as rehydration ratios in 

gram leaves (Tables 7 and 11) were much higher than the 

corresponding ratios of spinach (Tables 1 and 5 ) . This can be 

attributed to the sussulancy of the spinach leaves and compa­

ratively dry gram plant tops which contain a part of the stem 

also. The rehydration ratio in gram was also higher. This 

could be due to fact that the dried stems absorb more water 

than the leaves due to their anatomical differences. 



 
 
 
 
 
 
 
 

 



CHAPTER IV 

SUMMARY AND CONCLUSION 



CHAPTER Y 

SUMMARY AW CONCLUSIONS 

The present study was carried out during the period 

between February, 1979 to June 1979. Summary of the work done 

and conclusions drawn as a result of this investigation are 

presented below. 

5.1 Spinach : 

5.1.1 Blanching i 

All blanched samples in both the methods of drying v i s . 

sun-drying and cabinet-drying retained sore anount of chlorophyll, 

ascorbic acid and beta carotene than that of control (unblanched) 

samples after drying and during subsequent storage. All blanched 

samples with or without chemicals resulted in lower drying ratio 

than that of untreated control samples. Their culinary quality 

wae also adjudged to be better than unblanehed products after 

storage. 

5.1.2 Tine-temperature combination « 

The high-temperature short-time method (HTST) of blanching 

controlled the losses of a l l three major constituents v i s . 

chlorophyll, ascorbic acid and bete carotene very effectively 

tban the medium-temperature* medium-time U"TMT) and low-

temperature long-time (LTLT) methods of blanching i s both the 

methods of drying after drying and during subsequent storage. 
* 

5.1.3 Effect of chemicals in blanching liquid i 

All chemically treated samples either with 2.0 per cent 

NaCl + 0.2 per cent RMS or with 0.5 per cent KFS + 0.1 per ocnt 
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%0 + 0.1 per cent NaHCC, retained more amount of chlorophyll, 

ascorbic acid and beta carotene during drying and storage for 

three months than the blanched sample a without chemicals and 

the unblanched control. Between the chemical sets used, the 

KJfS-lfcO-HaHCO- combination was found to be superior to the set 

of two chemicals v iz . NaCl and Kr-'S in both sun-drying as well 

as cabinet-drying, 

5.1.4. Methods of drying t 

Between the two methods of drying v i s . sun-drying and 

cabinet-drying employed during the present investigation, i t 

was observed that the cabinet-drying method was superior over 

the sun-drying method In every respect. All the cabinet-dried 

products including control sample retained sore chlorophyll, 

ascorbic acid and beta carotene than the corresponding sun-

dried samples. The drying ratio was higher in cabinet-drying 

than in sun-drying In each set of treatments. The water 

absorbing capacity of cabinet-dried product was found to be sore 

than the corresponding sun-dried product. In the culinary quality 

tests also the cabinet-dried samples proved superior to the sun-

dried ones in respect of colour, flavour, appearance, taste and 

texture. 

On the basis of these observations the following broad 

conclusions can be drawn. The cabinet-dried product which was 

blanched at boiling temperature for 2 minutes with 0.3 per cent 

Kf'S + 0.1 per cent I%0 • 0.1 per cent NaHCO. was the best one 

among a l l the cabinet-dried and sun-dried products in respect 

of the maximum retention of chlorophyll, ascorbic acid and 
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beta carotene content. It also produced the maximum rehydration 

ratio . This was followed by the method of blanching with the 

second set of chemicals and the blanching without chemicals in 

that order* 

5.2 gram leaves i 

5.2.1 Blanching : 

i l l blanches samples in both the methods of drying v iz . 

sun-drying and cabinet-drying retained more amount of chlorophyll, 

ascorbic acid and beta carotene than that of control (unblanehed) 

samples after drying and during subsequent storage. All blanched 

samples with or without chemicals resulted in lower drying ratio 

than that of untreated control samples. Their culinary quality 

was also adjudged to be better than unblanehed product after 

storage• 

5.2.2. Time-temperature combination t 

The high-temperature short-time method (HTST) of blanching 

controlled the losses of a l l three major constituents viz. 

chlorophyll, ascorbic acid and beta carotene very effectively 

than the medium-temperature medium-time (KT&T) and low-temperature 

long-time (LTLT) methods of blanching in both the methods of 

drying, both after drying and during subsequent storage. 

5.2.3 Effect of chemicals in blanching liquid t 

All chemically treated samples either with 2.0 per cent 

NaCl • 0,2 per cent KFS or with 0.5 per cent KUS + 0.1 per cent 

MgO + 0.1 per cent NaHCO, retained more amount of chlorophyll, 
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ascorbic acid and beta carotene during drying and storage for 

three months than the blanched samples without chemicals and 

the unblanched control. Between the chemical sets the NaCl + 

KMS combination was superior to the set of three chemicals v i s . 

Km + mgO + KaHCO. in both sun-drying as well as cabinet-drying 

methods. 

5.2.4 Methods of drying t 

Between the two methods of drying viz . sun-drying and 

cabinet-drying employed during the present investigation, i t 

was observed that the cabinet-drying method was superior over 

sun-drying method in every respect. All the cabinet-dried 

products including control sample retained more chlorophyll, 

ascorbic acid and beta carotene than the corresponding sun-dried 

samples. The drying ratio was higher in cabinet-drying than 

in sun-drying in each set of treatments. She water absorbing 

capacity of cabinet-dried product was found to be more than the 

corresponding sun-dried products. In the oulinary quality test 

also the cabinet-dried samples prored superior to the sun-dried 

ones in respect of colour, flavour, textures, appearance and 

taste • 

Go the basis of these observations, the following broad 

conclusions can be drawn. 

fhe cabinet-dried product which was blanched at 90° + 1*C 

temperature for 2 minutes with 2.0 per cent Bad • 0.2 per cent 

Kft*S was the best one among a l l the cabinet-dried and sun-dried 

products in respect of the maximum retention of chlorophyll, 
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ascorbic acid and beta carotene content. It also produced the 

maximum rehydration yield. This was followed by the method of 

blanching with the second set of chemicals viz. 0.5 p^r cent 

KMS + 0.1 per cent %0 + 0.1 per cent HaHCO- and blanching 

without chemicals in that order. 

On the basis of the results obtained in the entire study, 

i t was obaerred that spinach and grara leares responded differently 

to different treatments. Although both required HTSf nethod of 

blanching for maximum retention of important constituents like 

chlorophyll, ascorbic acid and beta carotene, the spinach 

required boiling temperature while gram leares required 90°C 

temperature only. Similarly spinach responded better to the set 

of three chemicals via. KMS, igO and HaHCO, whereas gram leaves 

did well to retain a l l these three constituents with only two 

chemicals v iz . 0.2 per cent NaCl + 0.2 per cent KMS. 
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Room ttmptraturt during tht storagt period 
(fttkly avtragt) 

Wttk MaxlBua *0 Miniature 

February. 1979 

1st wttk 30.7 11.6 
2nd wttk 31.3 12.4 
3rd wttk 31.5 10.4 
4th wttk 31.2 15.3 

Mareh. 1979 

1st wttk 32.2 13.3 
2nd wttk 35.6 15.1 
3rd wttk 36.5 14.8 
4th wttk 37.4 16.1 

April. 1979 

1st wttk 37.3 18.5 
2nd wttk 39.3 19.1 
3rd wttk 39.2 19.6 
4th wttk 40.5 20.5 

Wtt. 1979 

1st wttk 59.9 20.1 
2nd wttk 41.1 23.8 
3rd wttk 37.1 21.7 
4th wttk 38.0 21.4 

fl»*f • M7* 
l t t wttk 38.6 23.6 
2nd wttk 40.9 24.5 
3rd wttk 38.0 23.4 
4th wttk 35.5 24.6 
5th wttk 30.7 22.8 



APPENDIX I I 

'.!fi»w*)<iiv>ii Agfiti1ftft»fi' 

Spinas* 1.938 ag / l l t . 22.95 «g/ioOf 12, e pi»/ioog 

Qtm* 3.129 ««Ai t . 57.B9 »ir/100g 22.00ppw/100f 
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