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CEHAPTER I
IETRODUCTIOR

Sinos antiquity man has been evolving msthoda of conserving
food in various ways. PFPreservation of food in one form or other
bas been practised sinoe pre-historic time but the selentifie
approach for it'e dewelopmnt is adout a ceantury old. Numerous
®e thode bave been employed in preserving foods and drying is ome
of the sarliest msthods to be adopted for this purposs,

The Iirat artifieial drying (dehydration) of vegetadles
was dome in 18th eentury {Prescots and Proet:;f). In recent
ysars food preservation has become & major industry all over the
world, TFeople demand greater variety of food and often they use
foods, from nnother ecountry, which have ¢ertain specific taste
and are exotie, Iue to inoreasing trend of wvegetadles production
and as & yesult of improved varieties and faeilities for growing
vagetadles in areas whers they weres not already grown, s glus
in market is created during peak production season and spellage
oteura, The impact of seasemal glut and quantum of loss dus to
spoilage can be minimiced if the wegetables are ocarefully
bhandled, tranaported, processed, packaged and stored.

Tood ip an important 1tem of the total expenditure in the
world and therefore the cost of food plays a vital rele inm the
goet of living of any country. S0 the ecomosica of production,
varying elinatic conditions, segsomal awailadbility, consumer's
desand, need for variety and labour cost necessitats pressrvation
of vagetadles and fruits.



2

Fruiteo and wvegetables are the moet iwmportant food of
mankind ag they are indispeneadle for the maintenance of health,
They are the major suppliers of vitaning, minerals, sugar ete.
They ocan e stored by different methods as under refrigerated
condition or in a frosen state. They oam also be dehydrated
oy concentrated in a number of ways and consumed latier on.
Hence the ultimate aim of feeding wore population on limited
land resources liea in the study of such types of food storage
apd preservation, Irying of vegetables has, therefore, attaimd
parasount importance in the whole field of food preservation.

Pehydretion of frulte amd wvegetables is dDeginning to
emerge as a wajor method of food preservation, Dehydration
made it poosible to provide & healthy and variety diet to man,
Amongat all the possible food pressrvation techuniguwes, the
methods of dehydration specinlly comeended 1tself to milfitery
Plannere during the two world wars because of ite space and
weight saving poseibdilities., Therefore, rapid expanaion of
dehydyrated food production faeilitiss was undertaken by all the

warring mations,

India ie an 1deal country for the growth of the dshydration
industry, Iohydration offers excellent advantage over other
methods of preservation in India, TFreveiling high temperatures
in ¢this country lead to quieok spoilage and there is meeéd for
rapld romoval of water from food, Iehydration is the cheapest
mthod of food pressrvation when other msthods like cooling anmd

refrigeration are used. Canning of food is an alternatiw for
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Sehydration Mit use of waluehle tin plates and steel plates,
Airtionlty in sterilising large cans, high cost of proecessing
and transportation eall for dehydration to play & key role in
the procesaing of wegetadbles 4in India,

Ten million tonmes 0f fruits and wegetadbles perish svery
yeur (¥anda, 1978}, In India where there is hunger prodlem,
it is not adviecdble to waste such a large quantity of food, It
is a eballenge for Indian food preservera. Ny adopting
dshydration techuique, we can save a large amount of food from
epoilage, In a country like India whioh has a wide and varied
produetion of %2,000,000 tonmes of fruits and vegetadles, only
55,000 tonnes are preserved. Out of that about 15,000 tonmes
are exported and 40,000 tonnes are utilissd in the country
(Seaxema, 1977).

Thexre are three d4istinet segmeants of the domestic demand
(1) Army purchage organisation (AP0) anmd eanteen store department
(CSD), (41) Hotels ani Restaurants and (iii) Housshold consumers,
™s demand eutimate shows that purechase of APO and CSD agcount
for 8,000 te 10,000 tenms, hotels and restaurants, 7000 to
10,000 tonmes and purchases of household consumers are about
20,000 to 25,000 tonrnes. Statistioally thie would mean that a
country with & population of over 600 million consumers uses
proosesed fruits and vegetadles to the extent of only 25,000
tonms snmelly and per capita consumption is only 40 grasse,
Inereans in export was obhesrved, during the firet 11 monthe of
financial year 1976-T7 to be Rs.86.08 erores as againat
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R8 42,70 orores Guring the ecorresponding pericd of previous yesr.

Gram ie an important pulse orop and is widsly grown in
India, For better produstion, it is a practioe with the growrs
to remove the tender tips of the growing stem to induce branohing.
Thie lasts only for a couple of weeks, The gram leawves ae green
and 4dry, is a2 popular wvegetadle of ¥ahsrashtra. Ais it i»
strictly season-bound erop and has a short season availability
with & peculiar peak point of harvesting, it needs to e

pressrved for use in the off seasnon,

Spinech is a world wide popular vegetadbie, It i»
mtritious and 19 rich in vitamine anmd mimerals, It 18 also
vexry popular amongst growers dus to its short duration for
production. But the lsaves Deing sucoulent are highly perishabls,
Speilags oocure very quickly and cannot as such b tramsported
to dfstant varkete and has to b consumed immediately after
harvesting.

%1ith a view 0 standardine blanching Sreatment and msethod
of drying for preparation of good quality produect, studies were
undertaken in fruit and vegetable laboratory of the Departmant
of Rorticulture, Mahatma Phule Krishi Vidyapeeth, Rehuri.
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CHAPTER 1I
REVIEW OF LITERATURE

™e drying of foods in order to preserw them during
ssasons of abundance for comsumption during sesson of shortage
10 an ancient arty its origin is not recorded Wt many of its
practioes have Deen handed down even into the present day and
in some casee they form the basis of modern foold mawufacturing
processes,

Iry wvegetables have come to occupy a peculiar role in the
whole field of food dshydration., Irying in sun is the oldest
and cheapest method of feod preservation., Artifieial drying is
the superior method of drying. Moaume of its control over
temperature, time, sanitation and microorganiems, ere can obtain
& good finished produgt from this method. Bueh type of foods
bave more monetary walus dus to isproved quality and yield while
the sun-dryirg has an advantage in low coet of production but
the product is of inferior quality. Food preservation by doth
the methods i.e, drying and dehydration is wery easy and cheap
to store apd transport. Various vérkcrl have tried different
pre-and poat-treatment methods in drying or dehydration, VWork
dom in this respesct is reviewed bexe,

2.1 Hanching 1

Aawm gt al. (1942) observed that blenching insctivates the
ensynes, reduces the mioredisl load and improves colour, flavour
and texture of the produet. Melmick g% al. (1944) studied the
influence of hot water (100°C) and steam dlanohing of green anap



beans upon the ensymes, indophenol oxidase and perexidase, Mot
water bdlanching of beans was more effectiw in destroying the
patural ensymes, a three minutes exposure bLeing almost socapletely
eftective in this respect. Five minutes steam blanching was
meeessary for complete inactiwation of enmyine in green anap
beans, They alaoc found that there were much wore losses of
soludle mutrients during water blanching while such losses were
ot significant during steam dlanehing,

Schuimmey (1944) concluded that heating denatures the
ensymee in the produst, Tie degres of ensyne inesotivation
findicatec tie effectiveness of dlanching treatments, Peroxidasve
inactivation ir wygetadble was more rapid when the product was
heated at higher tenperature but tha ensyme inactivation Yy
high temperature for short time reverted sore completely to the
aotive foruw on cooling than the ensyme insetivated to the sam
extent by longer sxposurs at lower temperature. Holmgquest (1954)
proved that steam blanching inoreases the deneity of peas than
the conventionally water blanched omes as @ result of which
there are lsss nunber of flosters in atsam blanched sample than

in water bdlanghed omes,

Tandon and Virsani (1949) found that the vegetables
retaining peroxidase activity even after dianching for longer
tims should be dlanched ti1l]l actiwe peroxidase is destroyed.
¥iller and [ettit (1957) obtained satiafactory debhydrated green
becns by blonching in steam for 4-6 minutes., Velser (1962)
stated that the drying ratio is higher in undlanched produst
than in dlanched one., The blanching causes ivereass in the rate
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of drying removing interesllular oxygen from tissue, thus
causing soft texture and retaining carotene and ascorbdic scid
during storage., TMotia and swasti (1968) found that 0.2%
sulphiting treatment to Jaek fruis ‘hul\) during dlanching helps
in maintaining cooking quality and rehydration ratio is detter
than the conirocl samples.

Iund st al. (1972) stated that in blanching of food, encyms
sust b insctlivated but textural changes and leaching losses
must e minimised, For this he edvovated Quick blanching. Im
Individual Cuick Hlanching (IOB) steam ie applied to individual
pleces in thic cace mass average temperature quickly reaches
ensyms inactivation range.

Blanohing is an initial precessing snd is importamt method
of fruit and wegetadle pressrvation (imnon, 1974). The foods
are bdlanched to inactivate the biologiocal system which would
otherwise degrade the flavour or colour and systen whieh causse
the loes of vitamine., DPatil (1976) concluded that five mimtes
at 80°C teaperature, thres minutes at 90°C temperature and two
minutea at hoiling temperatuxre of dlanching eolutior enable $o
denature 2ll ensymes pressnt in fenugreek lsaves, while Lund
(1977) stated that blanching with $00°C for ten mimutee
insctivates the ensyme sysiew for vegetadles and removes tiasue
gases, asteurisation usually at 100°C fnactivates the
wgetative celle of pathogenie avd spolilage organisme,

Pruthi {1978) blanched paddy straw mushroom for dehydration
and found that inactivation of peroxidase and eatalase prierx
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to dehydration of mughroom was sssential. The optiman time

of water blanching wes three to four minutes and that of steam
blanching four to five minutes to inactivate the e¢nzyme eystan,
However, water blanching was fournd to be somewhat detter than
gtean blanching as the latter aseemed to adverssly affsot the
colour of the produect,

2.2 1 hyll s

Chlorophyll) ie responsidle for green colour in wegetables.
This pigment {5 held close to the cell wall in well defined
bodies called chloroplasts with some xanthophylls and c¢arotenoide.
The chlorophyll » amd chlorophyll B occur in plant in the ratio
of 311, For colour retention in dried and dehydrated vegetables
¢chiorophyll retention is most important.

2.,2,1 Effect of progessing on ehlorophyll @

Isgautt ¢t al. (1950) studied blanching of peas snd observed

that the conwersion of chlorophyll to pheophytin involwves loes
of Mg** from the chlorophyll molecule and is evidenced Y loss
of Wright green colour of fresh pea procesaed progressively with
inoreasing blanching time. The degradation of chlorophyll is
more rapid at 212°F (100°C) than at 190°*F (B7.7°C). A lose of
2.5%cf ohloroph-1l oecured when dlanched for 120 seconds at
190°F (87.7°C) while 8.5 per cent loss was observed in 120
seconds at 212°F (100°C) temperature.

Acecording to Yagenkmecht (19%2), chlorophyll is known to
be acted upon by at least three ensyme aystews viz, alphahydroxy-
acid-dehydrogenase, chlorophyllase and lipoxidase. 7The
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alpbahydroxy-acid-~d¢hydrogenase system in greern plants oxidises
glyooliec acid and glyoovlie acid is known ¢0 cause the
deoolorimation of shlorophyll i» the course of oxidation. The
chlorophyll is decolorised through an oxidatiwe reastion in
which it is claimed that an orxganic peroxidase is produced,

Dutton gt gl. (1943) proved that chlorophyll is corverted
into pheophytin during blanching. In their study they ebserwved
that 26 per cent of chlorophyll was converted into pheephytin
in spimach leaves. The comwersion ascording te their study,
deperds upon the bdlansching duretion,

Hetrich (1958) also odesrved that there is cenmversion of
chlorophyll to pheophytin during processing. A mew formuls has
bsen put forth by him in which the amount of ohlerophyll which
is conwverted to phwephytin ean be calculated,

van et a1, (1964) condueted study with tender green
variety of smap beans. They showed that low dlanohing
semperatures werse ageociated with a rapid eomvereion of
ehlorophyll to plweophytin, as very little pheophytin was formd
in pods receiving no blanching treatmnt, .igoording to Dietrich
(1965), water blanching immctivates ensyws faster and degrades
less chlorophyll than blamehing with steam in Klusell's sprouts.
Chlorophyll was woxre stable in water bdlanching than in steas
blanching which resulted in soft dull green coloured product,
As the duration of blanching inersases the losass of chlorophyll
also inorease,
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2.2.2 tenticn of ohl 1l 1

Hair and ayres (1943) found that green wegetabdbles such
as opinmach or cabbege which produce considerzble volatils aoid
during the early part of eeoking, produced olive green colour
which ohanged to dull brown when cooked in & pot with a 1id Mt
a better colour was retained when tis 114 was removed as the
volatile acid escaped,

In a study of oclouxr changes in dlanched ard unblanched
peas for five years Rogenmkmecht gt al. (1950) found that
blanching helps ip premserving ehlorephyll, The amount of
eblorophyll destruction at the end of first year was roughly
2/9rd of that found at the end of 5th year. Mhatia gt gl.(1963)
treated the poas with sodium dicarbonate , aagnesius oxide,
sodiun hexameta phosphate, sodium oardonate and potasium
mtadisulphite, for maintaining the green colour of peas. Tiw
PH of bdlanehing solution was 7. The peas dipped in 2,0% sodium
earbonats solution at room tempersture for 30 minutes, washed in
water and blanched in doliling water retained bxright green colour,
Blanching for 3«4 minutes in boiling water eomtaining 0,1%
sodium Yearbonate + 0.1% megresium oxide + 0.4% poteasium metabi~
sulphite resulted in more yetention of Wright green colour in
the 4ried product,

Acoording to Gupte and Prancis (1964) epinach proesssed by
high temperature short time (HTST) method retained wmore chlorophyll
and beta carotene, Spinach puree adjusted to pH 8.5 with
Bagnesiun cardonate and progessed at 149°C in s glass thermal
death tubde (TIT) retained aprroximately 24% chlorophyll after
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six months storage at room temperature, wherses, similar
sawples progessed at normal pH i.e¢. 7 im TDT tube at 250°F
(3121°C) retained emly 6,.0% chlerophyll after six months storage.
The moat effeotiw compound used for pH sdjustment was magnesiums
earbonate, Jafer ¢t al. (1966) treated the okrs with HaCl
solution of 1,04, 2.0# and 3.0%, The data showed that low
temperature long time (LTLT) method {.e. 1°5°C (57.2°C)
temperatures for 15 minutes combined with the use of 3,0¢ galt
as a covering agent helped in bDetter retention of green golour
1,0, retention of chlerophyll.

Desroeier (1970) reported that the retention of ehlorophyl)
is directly related to the retention of magnesium in the pigwent
molecules under moist heating condition, The chlorophyll gets
converted to phesophytin by lesing some of its magnesiunm,
Remnsthan and Fhatia (1970) found that initial pre-socakirg im
sodium oardonate solution resulted in trown product. NManching
ip hot water produeed product of faded green ecolour., BMut the
blanching in dolling water containing 0.4 per oent potassium
me tabisulphite : 0,025 to 0,05 per cent sodium bicarbonate + 0,1
per gent mognseium oxide retained mors green ¢olour.

Sistenek et al, (1970) eoncluded that bdlanching treatment
helps in colour retention of susmar squash, OCoplour and ascorbdie
acid were lost wery rapidly in umblanched squash pures. Xaur
(1972) found that Blanehing of grean leafy vegetadbles in twe
per eent zodium bieardonate solution at 175°F for six sinutes
helped concideradly in retention of green colour in the
prooensed product,
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Patil (1976) working with fenugresk fourd that blanching
at bdoiling temperature with 0,54 X8, 0.1% WO and 0,18 n-xco,
retained maxioum asmsunt of chlorephyll while dlanching at 80°C
without chericals lost most of it during storage. Contrary to
this Taund (1977) stated that there is no significant effect of
blanshing op colour retention of canned beans.

2.3 Pyta garoters

Carotencids are a groupiof yellew, orange and red fat
soluble pigments in green leaves. The carotens is the mixture
of three isomers, zlpha, beta and gama carotemes. Mta carotem
is widely diotributed in leafy vegetadles and mainly it is the
precursor of vitamin A. The carotenoids are insoluble in water
but are soludle in lipide. They undergo oxidation when exposed
to air (Mayer, 1960) during processing of fruits and wegetables.

Ds (1936) eoncluded that both vitamin A and carotens are
stable st normal cooking temperature. He has also reported that
there was an inorease in caroteme content bty 1.6% inp green
spinach leaves when oooked for 30 minutes in tap water. DBooher
gt al, (1841) found more earotere in cooked product than im
fresh one when amslysed by both biclogical and chemical methods,

Acgording to Gleim and Tresseler (1944) the rangs of
ocarotens in spinach varisd from 35.79 t0 4.64 mg/100 g on fresh
weight basis and 62,113 to 69.%54% ng/100 g on dry weight basis,
¥hen spinach weighing 600 g was cooked for sight mimutes, 100¥
carotens was retaimd in the wvegetable and there was ne sarotem
leaching in cooking water. MNorgan (1944) reported that the
saroteme was lost to the extent of 27 and 26 per eent during the
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dahydration of undlanched spinach and sustard green respectiwly.

Patil (1976) found HT3T method to be the bBest method for
retertion of caroteme ip femugresk leaves. Doiling temperature
with 0.,5% KI'S + 0.1% MO + 0.1% mrwo, presarved most of tis
oaroters in blanched samples of fenugreek leaves.,

Feinderg (197%) obmerwed that carrota packed in air after
Baving blanched, sulphited and dried lost much of their carotem
in a few months and developed off flavour., In ocass of unblanched
ones tbe lospec were a® high ae 93 per cent. The losses were
81,9 per cent in blanched and 77.2 per cent im dlanched and
sulphited carrots,

2.4 Mo ie gcid 1@

Ascorbic acid ig wery difficult to preserve during
blanching and dehydration due to its oxidative nmature. Teing
beat senaitive and water soludble, greater losses occur during
blanching, [ost of the leafy vegetadles are rieh sourees of
vitanin C (ascordic acid),

2.4.1 0 : ssi n ascordic acid

Crusss (1543) stated that the loss of vitamin C 4in most of
the debydrated wegetables without Ddlarnohing was severes ard might
amount to 100 per cent within a few wesks of storage. Hanchirng
before dehydration retards the loss. He further obeerved that
when the vegetables wore slightly sulphured with sulphur
dioxide or moistiomad with bBisulphite, they retaimed wmore vitamin
C during storsge.
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Morgan (1944) found smsll differences between steam and
water dlanching of mustard green and spimach. During
dehyération the unbhlanched mustard green and spinach lost
their ascorbic aeid to the extent of 75 to 80 per cent
respectivly as compared to 52 to 70 per eent lossss {n
dlanched produce., Stevens (194%) foumd that the losses of
asgordic acid during blanehing varied with the product
processed. O“west potatoss, rutabeagas and carrots lost about
10 to 20 per cent while it was 60 per cent in sase of peas and
white potatoee,

Ageording to Gleim and Treseler (1944) the range of
asgordie acid in spinach varied from 42.9 te 44.) wg/100 g,
on dry weight basis, ¥%hew 600 g of spinach was cookad for
eight minutes tiw retention of ascordie acid was 62 per cent
in epinach and 19 per cent in cooking water. Russell ¢t al,
(19435) found that am addition of NaCl to Dlanching watexr
materially reduced the rate of ascordic acid losees and further
showed that there was no loss of garotend when sadbage was
soalded in sulphite solution.

Ireson and Ebsart (1544) reported that when 240 g cabluge
was ooolwd in 120€ ml of water in open pan for eight mimutes
60,1) mg/100 g ascordic anid was lagft in cooked cabbage &s
against 172,0 mg/100 g in raw cadbbage and 41.84 mg/100 g of
ascorbic acid was found in cooking water. They furtherx
reported that whan 194 g cabbags was eoocksd im only 40 =l of
water for nine mimutes in tightly ecovered pam, the amount of
ascorbic aoid retained was 93.%9 mg/100 g.
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Eheart ot al., (1945) studied Blanching with and without
ebenical sdditatives and found that beamw Ddlanched with
chwnicals were higher in asgordic acid gontent than unbdlanghed
ones. lee gt 1. (1945) comolude? that high Semperaturs
blanching helpe in retaining ascorbis acid. The peas blanched
for 60 seconds in rapidly boiling water lost 10 to 19 per cent
of ites ascorbdbic acid as eagainet 30 per cent loss during
commreial processing.

Janet (1945) proved that spap beans dlanched by hot water
mthod lost aprroximately 1% per cent of their ascordic acid
eontant while the »team bDlanching caused adout 11 per cent loas,
In cauliflower the hot water dlanching lost about 19 per cent
and steam blanching sbout 18 pex oenmt of ascorbie acid. Nodle
8% a1, (1948) from their study of different methods of eeoking
spinmach and other wegetadles, reconminded pressure sawespan for
blanching which retained 78 per cent vitamin C in the cooked
sample and 15 per eent in cobking water, as against 44 per aent
in ssaple and 39 per eent in cooking water when blanched by open
kettle method, '

Rossof? and Cruess (1949) foumd that aseordie acid
oxidation affects the quality directly Yy destroying ascordiec
agid thus reducing the mutritive wvalus of wegetadbles, Hebarlen
et a). (1950) found that high temperature short time blamching
of peas inoyeased ascordic acid retention. Gooding amd Beil
(19%6) obmerved the losses of ascorbie acid during processing
and dehydrmtion, It was 28,5 per cent in case of water soalding
and 22,7 per cent in steas scalding.
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NMalekar and Baperjes (1959) studied the retention of
aseordic acid during blanching and found that blanching the
vegstables in sulphite solutions was the best method for
asgordic acid retention and bdetter culinary quality. Blanching
in 0,11 pey cent sodiuwm sulphite molution with or without
sodium chloride and blanthing with water alome had alse
beneficial effecte, OCorden gt gl. (1964) found that raw
aabbage contaired 49.% mg ascordic 20id/100 g on fresh weight
basis, When cooked in water for 20 minutes the vitamin ¢
content cam down to 37.5 wg/100 g.

Apte and iatwa (1969) found that losses of aseorbdic acid
due to steaming were significantly highexr than dus to bolling
water. On boiling for 4% mimutes the retention of ascorbie
a0id was 51.5 ng/100 g whils on steaming the retention was only
14.2 ng/100 g. Thay slso stated that in raw redish tops
vitamin C content varied from 42.0 to 63.1 wg/100 g with an
average of 59,3 mg/100 g. AfSer doiling the redish tops,
retention of ascorbie acid was 37.4 to 56.2 mg/100 g with an
average of 45,7 ng/100 g. On steaming, howsver, the vitamin ¢
content was reduced to 13.2 to 28.8 mg/100 g with an average
of 13,7 mg/100 g.

Aecording to aingh (1972) bdlanmching with 0.5 per cemt XNS
was good for avolding browning of cabbage after dehydration
and retemtion of ucorbie agid during subsequent storsges. Ralls
et al. (1973) odeerved that the loss of ascorbic seid during
blanching was because it is water soluble and heat semmitiwe,
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They found that spivach dlanched by hot gas method retaimd
54 milligrams asgorbdic scid per 100 grame as compared te 21
silligrane in case of the hot water blanching.

Iabusa (197%) stated that sscordic aoid is destroyed
rapidly Yy Meat, light and oxidation, ZThe lossss vary from
10 to SO per cert, The vegetable sulphited befors drying
inerearsd ito retention. PFatil (1976) advocated bdlanching
with 0,5 per cent K¥8 + 0,1 per cent Mg0O + 0,1 per cent mmo,
at bolling tezperature for retaining maximus amount of ascorbdie
a0id during storage in fenugresk,

2.5 gChenges iv vutyitive valug during storage

Thelma (1944) stated that the home drying method of bdeet
coumed 18 to 30 per cent loss of carotens on drying and the
storage of G to 7 wmonths inereased the loss to mors than 60 per
cent. Eheart g% al. (1945) stored the blanched and dehydrated
samples of green bdeamw in refrigerator and same set of samples
at room temparature for six months, The best yetention of
vitauin C wap found in cold storage while poor one at room
temperature,

Yorgean ¢t al. (1945) stated thet blanciwd samples of
spinach lost iena ascorbdic asid than unblanched ones during
storage. Very little quantity of thianmin and ridoflavin was
lost during storags of dehydrated spinach which was atean
bdlanched, Janet ¢t al. (1545) blanched snap beans and gauli-
flower hy water and steam and etored in frosen condition, ifter
sine months, snap beans and sauliflower had loat approximstely
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60 %0 70 per cent of their origiml total ascordic ssid, The
results were non-significant in the smount of ascordic acid
retained by hot water or Yy steam blanching msthods,

Eheart (1946) concluded that the method of sulphuring
made no differenos in oaroteme retention during six months
storage of dehydrated samplss, While Dietrich gt gl. (1959)
stated that ITST method of Dlanching resulted in more chlerophyll
retention during storage tham LTLT dlanching.

Salem and Hegasi (1973) found that the sun-drying eaused
greater loss of carotemoid and witamin C inm apricot juloe.
The wvegotables artificially dehydrated or sun-dried temd to
lows their mutrient in the sawe order of megnitude as fruits.
The rapid drving retaine greater amount of asoorbie acid than
doss the slow drying and retaing more vitamin ¢ during atorage.






CHAPTER IIT
MATERTALS AND METHODS




ORAPTER IIX
MATERIALS ARD METRODS

During the present inveatigation the materiale used and
sethode suployed axre enumersted Wlow, The remearch work was
earried out from Fedruary %o Jume 1979,in the laboratory of
the Departeert of Horticulture, Mahatma Phule Krishi Vidyapseth,
Rahuri.

3.1 tion material 3

The tender plant tops of gram as lsafy vegetalle wae
prooured from the Hoxtieultural farm. The spinaeh leaves were
tsken from the same farm when they had just attained their
full maturfity. They were smooth and leathery in texture. Both
the vegetadlse ware washed thoroughly in clean tap water %o
yeuove dirt, sddering soil and other impurities, Then the
bard stem portion of grim and d4iscoloursed leaves of both
vgetadles were remowd., The epinach lsaves wars chopped into
pieees of 3 to 4 en squares, igain both the wgetables were
washed and ussd for further proeessing.

3.2 Kanehirg

Hanohing retaine the ehlorophyll anpd fixes the colour by
inastivatirg the ensymes., TYor thie purpose the washed msterial
was plaged in a clean muslin cloth and was tied leosely so as
to facilitute sany entry of blanching solution upto the oentre
of tied matarial, It was dipped in a blanching solution for
various timings ag per treatments, whare the ratio of blanching
solution and blanching material was 4:1. The dlanching mterial
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was then dipped immediately in cleam tap water for 3«5 uinutes
to prevent further ¢ooking of the material, The treatments
were selected with a view to determine & suitadble mthod to
retain the food value with different chemicals with their
various concantrations at different times of dipping and
blanching temperatkures.

3.5 ZIreastments
Fain treatments - a) sun-drying
b) eabinet-drying
Sub treatments - Elanching at various tespsratures.
witk and without chemigals like
sodium chloride (NaCl), potassium metabisulphite (M«S),
magnesium oxide (Mg0) and sodium bdiocarbonate (maoo,). The
chemieal concentrations were fixed on the tmsies of past work
reported else where. The time, temperature and chemical
conoentrations for dlanching as detailed delow for spinach

and gram leaves separately were fixed,

5.3.1 Epinach 1 Syubol
(1) 80°C ¢ 1°C temperature for five mimutes (rers) (44)
$) Without chemical. (A4By)
11) ¥ith 2 per cent NaCl + 0.2 per cent KNS (AyBy)

i1i1) with 0.5 per cent XMS + O,1 per ecent MgO +
0.1 per cent NaHQOy (a4By)

(2) 90°C t 1°C temperature for thres minutes (vmer){A,)

iv) V¥ithout chemical (498y)
v) ¥ith 2 per cent Nall + 0.2 per eent KNS (A231)
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vi) vith 0.5 per cent KMS + 0,1 par cent

MgO + 0,1 per cent Na HCOy (Agliz)
(3) Boiling temperature for twe mimutes (HTST) (As)
vii) Vithout chemicals (A,ﬂo)
viil) With 2 per cent NaCl + 0.2 per cent KNS (A,!h)
ix) With 0.5 per cent K¥S + 0.1 per ecent g0
+ 0.1 per cent NaHOO,. (M By)
x) Absolute comtrol in which the dlanching
was not dope (ag)
3.%5.2 Qram leaves Symbol
(1) 70°C £ 1°C temperature for five miputes (LTLT)  (A)
1) Without chemical (44F)
11) with 2 per cent EaCl + 0.2 per cent KNS (A48)
1i1) with 0.5 per cent XMS 4 0,1 per cent g0
+ 0.1 per cent MHCOy (MB)
(2) 80°C + 1°C tempsrature for three mimutes (MIMI) (4;)
iv) without ehemieal (‘230)
v} With 2 per cent Eall + 0.2 per cent XS (Azn‘)
vi) With 0,5 per esnt KM3 4 0,1 per ecent MgO
+ 0.1 per cent NaHCOy (4,8,)
(3) 90°C x 1°C tempereture for two mimutes (HTST) (A,)
vii) Without shemical (k43
viii) wWith 2 per sent NaOl + 0.2 per cenmt KNS (5531)
4x) with 0.% per oent EMS + 0.1 per cent Mg0
+ 0.1 per cent NaHCO, (A533)

x) Absolute eontrol in which blanching was
not done (Ag)

The trestment of blanching in boiling water for gram

leaves was not followed as far spinach om the basmis of
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preliminary trials, as the doiled leaves were pulpy.

The dPlanched material wae immediately dipped in cold
water for 3 minutes (Dacund ¢t al., 1977) and was theroughly
dreined and spread uniformly over the aluminium trays $o &
thiokrmeas of 3«5 on, The trays were kept under sun and in
cabinet drier for drying and dehydration respsotiwvely.

3.4 Junedryirg o

The mterial which was spread over the aluminium Srays
was placed undsr sun from 09.00 hours to 17.00 hours. The
trays wers covered with olean musiin oloth (Reme, 1978) so as
%o proteet the maupies Lyom Aust, flies eto. The samplen
were stored in room during night amd were again plseed under
sanlight next day., Iuring drying the material was gtirred
from time to tice., It So0ok on an average adout 24 to 27 hours
for somplets dryirg.,

3.3 Qabipet drying ¢

T™he blanched samples spread in the trays were kapt in
oadimt drier and the ﬁmﬂtm during the drying peried was
mintaimd at 65°C 3 5°C, It took about 6§ to 7 Bours for
eomplete d&rying.

After arying and dehydration the product was ipspected
thoroughly and diseoloursd pieces and foreign material if any
were removed, The finighed product was pacled in polythene dags
and stored at room temparature for 3 monthe for further study,



5.6 Qesrwvations ¢
3.6.1 Ixying retio s

It is a ratio of finisbed dry produet to the prepared row
saterial defoxre drying. It was worked out in both vegetables.

5.6.2 tion ratio

Rehydration ratio was caloulated Wy putting S g of dekydrated
or dried product ip 100 ml of hot water at 75°C temperature in
a beaker and kapt till the produect was just soft emough for
consumption, it this stage the product was thoroughly drained
and weighed and the yehydration ratio was computed. Rehydration
ratio is the ratio of rehydrated product to dehydrated or dried
produet,

5.7 Chemical estimations
3.7.1 Asgorbic seid

Ascorbiec acid gets destroyed during drying/dshydration
and storage. In order to see the effect of bDlanching with or
without chemicale on the retention of ascorbdie agid, 1t was
satimated in fresh a» wqu ap dried wvagetadles, aAsgordic aaid
(Vis=C) was estinated by 2-6 dichloropbenclindephemol dye
method (A.0.454Cep 1975). The par cent of asecorbdic avid was
oanleulated as vg/100 g of the sample.

3.7.2 mte carotens

Mta corotens 1o &m important ifngradient of any leafy
vgetadble., Ita retention in the dry product is essential,
This was aloo estimated in the fresh as will as dry produst,
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The method of Peerh and Siddappa (195%) was adopted for
estimating beta caroters, The somesntration of carotens was

caleulated by comparing the valus with standaxd carotens curw,
,o” 1 ¢hlor 1l 1@

™e chlorophyl) was extractesd by agqueous asstome method
of ihokiauy (1541) and the corosntration of chlorophyll was
determined ty msasuring the ortical density of the solution
using red filter at 6635 and 645 ™ wave length on eoelorimeter,
The total chlorophyll was ecaloulated from the equation giwven dy
Armon (19497 1

Total ehlorephyll = 20,2 D + 8,02 D mg/litxe
645 663

3.7.4 Qulirery gquality

The culinary quality of the product was assessed dy the
tasts by & porel of 9 Sudges and seores were given on the
following aspects for the eooked produst.

The marks alletted were

mrks
Colour 15
Flavour 195
Texture 15
Appearance 1%
Taste 40

Total 100
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CHAPTER IV
REBULTS ARD DISCUSSION

The results odtained in tim wvarious studies condusted
with spinach and gras leaves on drying, dehydration, quality
and durability are presentsd under appropriate headings and
&re discussed herewith,

4.1 Spimagh 3

The data on the effeet of dlanching ohemical preservatives,
Sime~tamperature combination and drying method on the retention
of chlorophyll, ascordio meid, Yta carotens and drying ratie
after drying are presented in Table 1 and are grapbically
represented in Fig.l.

4.1.1 Effect on ehl '

The datz rewal that thers was heavy loss of chlorophyll
(53.74 per cent) inm unblanched product as compared to blanched
one with or without various chemicals at different time~-
tamperature coubimations. There was as much as 53.74 per cent
loss in sun-dried control product and the loes was gredully
yeduced through different treatments and there was minimunm loss
(14 .89 per cent) in ths Sreatment which was dlanched at boiling
temperaturs for 2 minmutes with 0.5 per cent X¥S + 0,1 per cent
O + 0,1 pexr eens llchO’.

Amgpnget the various ohemicals used in bBlanching water, 1t
was observed that 0,5 per cent EMS + 0,1 per cent g0 + 0.1 per
oerng mcc, was better, followsd by the other set of chemicals
apd no chemicals in that order. is regards the tize~temperature
oombimtion, the high-tampsrature short=time (HTST) blanehing
was better than mediumetewperature for medium | . CIBRARY 4
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low-gemperature for long~time (1L7LT) Blanching with or without
chemicalo a8 there was gradual redustion in tin loss of
ohloropkyll contemt with these combinations from LTLT through
HTST,

Similar tremd of reduction in chlorophyll loss was obesrved
iz cabimt«drying vhich was superior to sumdrying in each of
the treatment coundbimtions. %The loss e¢f chlorophyll was 41.%4
per esnt in cabimet dried control as againet 57,74 per eent 4n
wun~dried control. The minimum loss of ohlorophyll wee obserwed
%0 be 11.59 per cent in cabimet-~dried sample dlanched at dolling
tSamperature with krg, g0 and chDS conbioation, whereas, the
loss was 14,85 per gent for the same treatment im sun-drying
thus indicating the superiority of eabinet-drying over sun-drying
mthod.

T™hase yesalis are pretty much in harmeony with thoee
published else where (Ammen, 1974). The foods are blanched to
inagtivate the biologieal system which would stherwise degrade
the eoclour of the product. Dutton (1943) concluded thed
ohlorophyll gets sonverted to pheophytin during blanching and
the rate of conversion is dependent upon the duration of dlanehing.
Van ¢% 81, (1964) found that low bdlanching tesperaturs wae
associated with a yapid conversion of chlorophyll te pheophytin.
Similar resultc weare obtained by Gupte and Francis (1964). They
found that spinach processed by HYTST method retained more
ehlorophyll thap that Yy LTLT metbod. Zhatia (1963) treatsd
the psas with different chemioal preservatives and found that
blanching for S-4 minutes at boiling tempersture containing
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0,1 par cent sodium dicarbonkte + 0.1 per cent magmsium oxide
+ 0.4 per cent XME yesulted in more retention of chlorophyll
in dried yproduct.

4.1,2 fect on asoordic acid (Vistamin Q)3

The data presented in Table t clearly indicate that thers
was severe loss of ascorbic asid (77.15 per cent) im unblanched
sun-dried control product as compared to blanched product with
or without wvarious chemioals at different tim.tenmperature
combinations. There was as much as 77.15 per cent loss in
sun-dried control produet and the loss was reduced by different
sreatmnts, and 1% was minisun vis, 20.%90 per cent in the
‘$reatment which waa dlaneched at boiling temperature for two
minsutes with 0.5 per cent K¥S + 0.1 per cent g0 + 0.1 per cent
lnnco._.,.

Ap regards the superierity of chamioals used im blanching
water, it was observed that 0.5 pexr eent XMS + 0.1 per aent g0
+ 0.1 per cent mxeo, wag better for resention of vitanmin C. The
mxt best 2ltermative is the dlarnching with 2 per cent RaCl + 0.2
per cent KMS followed by the tap water blanching. As regards the
tims~tewperature combination, thm high-temperature short-time
(RLST) blanching was better than the medium temperature medium
time (MTM¥T) mathed and low-temperature long time (LTLT) ®lanching
with or without chemicals as there was gradual reduction in the
loss of vitamin C content with theae combinations from LTLT
through HTST methods of bdlanching.
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The trend remained the sam in reduction of ascorbic acid
loss during cabinet-drying which was superior to sun~drying in
each of the treatment combdimations. The loss of ascorbdic acid
was 62.40 per cent in oabdimet-dried control produet was against
77.15 per oent in sum-dried control produect. The minimum loss
of 15.63 perxr cent of vitamin C was obeerwved in a sample blanched
with 0.5 per ocent ENB + 0,) per cent g0 + 0,1 per cent mwo,
at boiling temperature for two minutes in cabinet-drying, whereas,
the lose wes 20,50 per cent for the same treatment in sun-drying.
Thus, it is wvery clear that cadinet-drying is superior for
retention of vitamin ¢ to sun-drying sethod.

The main prineipie of food preservation is to inmsctivate
the ensyms cystem and control the microorganisme ocausing decay,
In the present study, by dlanching the ensymes wers made immotive,
Further drying and dehydration resulted in the control over the
nicroorganieme for mant of sufficient mofsture. By immetiwting
the ensym system thare was less loss of vitaming.

As the ascorbie acid is heat sensitive and oxidatiw in
nature it is very difficult to preserw it during blanching and
subssquent 4drying. From the results obtained in comnection with
asoorbic aeid loss it is very clesr that LTLT and MINT wathods
of proosssing csuse mors losses than the HTST method. The reason
may de that, the lengthy processing time at low temperature allows
the asoorbic acid toc pass to bBlanehing liquid as it is a water
soludle constituemt. Gleim ¢t al. (1944) concluded that thexe
is oxidation of ascorbic acid during processing, when it is
releanad in the blanching solution. Sulpher-dioxide is a strong
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redueing agent and gets reduced earlier than the asoorbdic aeid
and thus gives protection to ascorbie acid, Mlekar and
Bnerjee (1959) studied the retention of ascordic acid during
blanching and found that dlanching the vegetable in sulphite
solution was the best method for ascorbie a0id retention and
better culinary quality.

4,1.3 Effsct on bet teme 1

The data rwgarding the beta oarotene loss during dblanching
and subsequent dyying presented in Table 1 reweal that there was
& loss of 48.08 per cent beta carotene in unbdlanched product
which was maximum amongst all the trestments of sun-drying
mthod, BRlanching without any chemical for two minutes, three
pinutes and five minutes at doiling, 90°C and 80°C temperature
respectively also minimimed the loss as compared to unblanched
eontrol,

There was as much as 48,08 per cent loss of Meta ecarotem
in sun-dried ocontrol product and the loss was gradually reduced
through different treatments and it wag minimua vis. 11.02 per
oent in & cample which was blanehed at bdoiling temperature for
two minutes in a solution of 0,5 per cent X¥S + 0,1 per cent MgO
+ 0.1 per cent RHOOy

As regarde the effectiveness of chemicals used in blanching,
it was observed that 0.5 per cent K¥S + 0,1 per sent WO + 0,1
psxr oent mﬁco, wais far bettar followed by the other chemical
oombination and noe chemioals in that order. The high~tempsrsature
short-time (HTST) processing was found t0 be better than msdium



31

Yenperature medium~tims (MTMT) proscessing and low-temperature
long-time (LTLT) processing in both methods of drying.

The cabimet-drying method proved to M superior over
sun-dyying method in reapset of carotens retention. The lose
of beta carotene was 48.08 per cent in sun-dried product as
againat 37,73 per cent in cabinet-~dried product thus indicating
the supsriority cf cabimet-drying over sun-drying methed, The
pinimus loss® of bets earctens wes observed to be 8.535 per cent
in a cadinet-dried sample blanched at Boiling temperature with
KMS, Mg0 and !‘Ffev.m'.‘()3 conbimation, whereas, the loss was 11.02 per
oent for the pame treatment in sun-drying method.

Although, the deta oarotems ia _mt water soludle censtituent,
the losses are dus to heat and oxidation during dlanching and
subsequent drying. The rupturing of chromoplasts is more in
eass of LTIT method than the HTS3T mgthod due to which there are
more losmes &t lower temperature in both the sethods of drying.

The abowe results are fdentioal with those obtesimed by
Gleim and Trescler (1944) who reported that losses of carotems
are dus to heat during bdlanching and drying. Patil (1976)
eenclvded that blanching helpa in retaining beta carotems. The
HTST method with 0.5 per oent KMB 4+ 0.1 per cent g0 + 0.) per
oent uunco, in cadimt-drying retained maximus amournt of beta
earotens then any other method of processing ard drying. Salem
and Hegasi (197%) feurd that slow drying causes greater losses
of earotene than the wouum 4rying method,
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4.1.4 ffect on ing ratio 1

The blanched sample had lower drying ratic than the
unblanched ones, as seen from the data presented in Tadle 1,
which further reveals that there is considerable differencs in
dry weight obtained from different treatments of drying., It is
mich wider in a sun-dried control f.¢. 1:16 and 1t gradually
narrowed through d4ifferent treatments and thers was maxiwum d&ry
weight obtained (1112,07) in the treatment which was blanched
at boiling teoperature for two mimutes with 0.5 per cent X3 +
0.1 per cent g0 + 0.1 per gent NgHCOq .

The chemical combimetion for 0.5 per cent KMS + 0.1 per cent
g0 + 0.1 par cent mco, proved very effective in lowering |
down the drying ratio. The next best alternatiwve for lowering
the drying ratio was 2.0 per cenmt BaCl + 0.2 per cemt KMS set
of chemigals which was better than the tap water bdblanching, It
was also found that the HTST method is superior over NTNT and
LTLT methods for tringing down the ratioe,

As ngarés the effeet of drying method on drying ratie
the data oclearly indicate that the cadinet~drying method i»
far detter than the sun-drying method. In sun-drying control
saople the ratio was 1316, whioh is wider than any other ratio
ineluding sun-dried as well as cabinet-dried omes. The
eonbination of boiling temperature for two mimutes with 0.5
per aant KMS + O.1 per cent ¥MgO + 0.1 per cent DHGO, in
oabinet dried sample lowered drying ratio to the minimum of
1111.,06 a8 againat 1:12,.07 in sun-dried sample having the same
treatment,
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The above findings are in agreement with those of Veiser
(1962) and Patil (1976), Welssr (1962) reported that the drying
ratio is higher in unblanched product than that of blanched
produet while Patil (1976) who setated that the HTST method with
chemical preservatives like X¥S, MgO, JaCl amd llanﬂ, effectively
brought down the é&rying ratio when dried in cabinet-drier.

4.1.5 Effect on chlorophyll durin or t

The treated samples along with qontrol preduet were stored
at room temperature for a period of three months and were
apalysed for chlorophyll, ascorbie acid and beta carotene
content, The lossea were caleulated with reference to their
origiml content in fresh samples on dry welight dasis. The
resulte are onhodied in Tabdles Fo,.2, % and 4 and grephically
represented in Fig.2, 3 and 4 respectively.

A parusal of the data in Table 2 will rewveal that there
was maximum logsa of chlorophyll vis, 67.78 per cent in
uwnblanched sun-dried sample at the end of a month's storage.
Thers was a steady reduetion in the loss of ehlorophyll) from
unblanched sample towards blanched samples with or without
chewicals in blanching water,

Among the time~temperature regimes the HTST was better
than the YTMT amd LTLT with ehemicals or without ehemiocsals,
Similarly the chemical comdimation of 0.5 per cenmt KiS + 0,1
per cent MgO + 0,1 per gent maco, was better than 2.0 per cent
RNaCl + 0,2 per cent XMS and no chemical blanching in that oxder.
T™he best treztment for mximua retention of chloreophyll was the
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Table 2 1+ Data regarding per cent loss of chlorophyll im
spinach during storage in sun~dried and sabimt-~
dried protucts (values calculated on dry weight

basis ),
Treateent Per cent loss in sun~ Par cent loss in cabinet~
symbol drieéd product after dried product after
One Two Three One Two ™hree

month monthe months month months monthe

4, 67.78 76.47  83.99 58,91 7155  T8.42
A3, 63.07 73.08  78.86  54.94  65.67 T3.0
Ay By 60.21 67.17 74,12  $1.22  58.43  67.94
AR, 54.26 62,00  69.52  45.70  53.88  62.90
Ay, 61.23 68.78  74.85  52.00 59,90 68,87
AgB, 55.000 62.94 70,00 47,12  55.04  59.72
A3, 50,90 56.99  64.29  43.33  48.53  54.89
Ay By 58,66 64.87 70,96  50.02  54.01  65.28
Ag3, 52,77 $8.56  67.42  44.04  49.26  56.98
Ay By 44,13 50.26  57.95  57.95  42.80  48.43

one which was blanched with 0.5 per eent XMS + 0,] per cent )go
+ 0.1 per cent MGO, 2t boiling temperature.

Similar trend of chlorophyll loss was obserwved in all the
treatments under sun-drying at the end of two monthe astorage.
But there was &4 further loss of ehlorophyll in each sample
whethey blanched with or without chemicals. Howewer, thoio was
& much less loss as gompared to undlanched control and the sam
treatment of boiling water blanching with three chemicale for
fwo minutes was better tham all other treatments and the loss
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was t0 the extent of only 50,26 per cent as compared %o 76.47
pex esnt in unblanched control.

At the end of three months storage also a similar trend
in chlorephyll loss was odeerved in the treatments under sun-
drying. The chlorophyll losses were further inersased ir all the
treatments, Even then the treatment of blanching with thres
chemionls at boliling temperature for two minmutes had the minimum
loas of 57.95 per cent againat the 835,99 per cent in unbdlanched
control which is also quite evident from Plate IX(2) and I(2).
411 the ¥reated samples retained mors cohlorophyll than the
unblancind sun-dried sample.

As regards the msthod of drying all the ocabinet-dried
sanples retained moxe ohlorophyll than the sun-dried samples
upder each treatment (Flate £). An undlanched sun-dried sample
lost as much ae 67.78 pexr cent, 76.47 pexr oent and 83,99 per cent
as against 58.91rper cent, 71,55 per cent amd 78.42 per eent
respectivly at the end of lat, 2nd and 3ré month's storage of
unblanched cadimt-dried sample. The use of thres chemiocalse
in dlapohing water mlped to reduce the chlorephyll less to the
mximan extent followed by the use of two clemicals., The
samples blanched without chemieals at all the time —temperature
regimes also were superior to the unbdlanched cadingt-dried
sanples as in sun-dried samples., There was as little as 48.43
per ocent loss of chlorephyll in the sample blanciwd with thres
chemicals at boiling tempsrature for $Swo minutes, as against
83,95 pexr cent of the unblanched produoct at the end of the sam
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period 1.¢. 3 monthe of storeges (Plates I{2) and II(1).

Homevar, the rate of loss of chlorophyll after storage
was more in treated samples as compared to unblanched control
as oan be seen from the wvalues giver in Table 1., The leoss of
chlorophyll immediately after treatment was 53.74 per cent in
unblanched control which inoressed to 83.99 per cent (30.25 per
oent further lose during storage) while the original loss of
11.99 per cent in the best treatment under cadbinet-drying was
enhanced to 48.43 par ecent (an increase of 36.89 pexr cent) st
the end of the same period of storege. This could be attribduted
$0 the heavy losa of chlorephyll in the unblanehed sample in the
beginning.

From the above resulte it is very clear that without
blanching there is no inactivation of ensymes which resultes in
loss of chlorophyll éduring drying and sudssquent storage.
Manching helps in controlling the oxidation of ehlorephyll.
Wegenknecht (19%52) reperted that chlorophyll is de-colourised
due to oxidative resction. The alpha hydroxy-—acid dehydrogermmss
system in green plants oxidises glycolic acid which causes
de-colourisation of chlorophyll, Bhatia gt al, (1963) stated
shat ghsmical preservatives are ¢ssential during dlanching for
presexving chlorophyll in sterage. According to Patil (1976)
there is more loss of chlorophyll in sun-dried produst than thasg
of cabinet-drieéd product. He further sxplains that during the
sun~drying there is free and open air which must bde asoelarating
the rate of oxidation which is not the case with the cabinet-

drying.



PLATE I

1. Cabinet-dried control product of sﬁinach
2. Sun-dried control product of spinach

PLATE II

1. Cabinet-dried produet, blanched with 0,5% KMS + 0,1%
MgO + 0,1% NaHCO; at boiling temperature.

2. Sun-dried product, blanched with 0.5% EKMS + 0,1% MgO
+ 0,1% NaH Oz at boiling temperature




4.1.6 Effect on ssgerbie seid during storege 1

The data presented in Table 5 rewveal that thexrs was
maximux loss of asecorbic acid vis, 84.92 per cent in unbdlanched
sun-dried control sample at the end of first month's atorags.
Thexre was & graduval reduction in the loss of ascorhiec acid from
unblanohed samples Sowards the blanshed samples with or without
chemieal. |

Tabls ¥ 1 Fer cent loss ¢f ascorbic acid of spinach in
san~dried and cadbinet~dried product during storage.
(Valuees caloulated on dry weight dasis).

Treatment Per gent loss in sun—- Per oent loss in cabines-
symbol dried product after dried product after

One Two Threse One Two hree

month  wonths months month months monthe
Ag 84.92 96.01 100,00 79.12 90.91 100,00
Ay By 7T6.88 80,06 95,20 70,05 T76.94 85.97
A, B, T1.54 78,22 90,70 67.07  68.88 81.16
AyB, 56,01 66,03 89.06 54.97 €0.00 78.04
Ao%, 67.00  70.41  87.05 $9.14  65.05  79.99
AyB, 62,01 64,09 81,09 %51.01 59.19 74.09
A B, 55 .30 %7.07 79,01 48.78 55.20 70.13
AyB, 61.54 67.19 85.07 98.02 61.18 76.77
Ay B, 55.5% 58.83 79.17 %0.%0 $8.02 71.16
A’Bz 49.04 55.61 75.21 46,00 52.35% 67.20

As regarde the time~tempsrature combination, the HTST
method was better than the MTAET and LTLT methods with or without
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chemicals. The most affectiw chemical combinmation for retaining
mxinun ascorbic aseid during storage was found to0 be the one
bianohed with 0,5 per cent X¥S + 0,) per cent Mgl + 0.1 per cent
mnco,. which was followed by 2,0 per cent NaCl + 0,2 per cent
K¥8 dlanching amd no chemioal blanching. The top most treatment
for maximum retention of ascorbic acid was the one which was
blanched with 0,5 per cent K¥S + 0.1 per oent Mgl + 0.1 per ocent
mco., at boiling temperature during first month's storage in
both the methods of drying.

Similar trend of ascorbdic acid loss was obssrved in all
the treatments under sun~drying at the end of two month's storage.
Howevar, there was & further increase in loss of ascorbdic acid
in each sample of treated as wll as untreated ones. Thexe was
much more loss of awcordie acid in unblanched product than that
of treated with or without ehemicals., The treatment of boiling
temperature hlanching with NS, WO and MOD’ st% was better
than all other treatments and the Joss was teo the extent of only
§3.61 per cent am against the heavy loss of 96.01 per cent in
undlanched sanmple,

At the end of three nmonmths alac a similar trend of ascorbdic
aeid loms was observed in the treatment under sun-drying. The
ascorbdic acid losses were further inereased in all the treatments.
The ameunt of ascordic acid lost in bdlanched treatmenvt with KNS,
MO and MCOB was the lows st as compared to the other ast of
chamieals and tap water bdlanching. The maximum loss was
obmexved in contrel sample vis. 100 per oent, whareas, it was
ninimun viz, 75.21 per cent in a sample dlanched with EMS, MO
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and mwo, at bolling tempersture for two minutes. The trend
of blanohing, chemicals and HTCT processing remained the same
in cadinet-drying also.

h regayrds the mathod of d4rying, all the cabinet~dried
sauples retained more ascordic acid thin sun~dried samples
under any trectment. The loss of ascorbic aeid in unbdlanched
sun—dried eample was as much as 84.92, 96.01 and 100 per cent
as againet the corresponding figures of 79.12, 90.91 and 100,00
pexr cent at tha end of first, seconi and third sonth'as storage
respectively of unblanched cadbinet-dried sample. In thie case
the cadinet~drying proved to e superior to sun-drying upto
second month but at the end of third month both were similar
as in both methods thexre was cent per cent loss of assorbic acid.
The AyB, treatment retained maximum amount of ascorbdbic acid inm
both the methods of drying dut the amount retained was more inm
cass of cabinet-dried tham that of sun-dried sample, thus
indicating ths superiority of cabinst-drying over sun~drying.

As the ascorble aecid is oxidative in nature, it 12 wery
difficult to preserve during storsge. Even them it was retained
upto ths maximum extent inm sulphited procducte at the end of 3rd
month. The reason may be that the sulphur 4ioxide gave strong
protection to the produet preventing the oxidation of ascorbie
aeid by releasing itself slowly and getting reduced in place of
asgordiec acid. Cruess (1943) also reported that blanchirg
befors dehydration in sulphur dioxide or with bisulphite helps
in retaining mors vitamin (ascordic agid) during storage., M
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further stated that the loss of vitamin O in most of the
dehydrated vegetables without blanching was severe and could b
sven 100 per cent withiv a few weeks of storage. Singh (197%)
found that 0.3 per eent XME in dlanching solution avoided Lrowning
of cabbmge after dehydration and retained maximum amount of
asgorbdic acid during subsegquent ltm«l. This was latter
confirmed by Fatil (1976). As regards other bdlanched treatments
which retained scme ascorbic asid sven at the enl of thres month's
storage, it can be maid that the bBioliogical aystems which cause
degradation of ascorbic &ecid were dsnatured at various bdlanching
temparatures and as such the precess of degradation was slowed

down (Annon, 1974).

4.1,7 Effeet of storege on beta carotene 1

The data presented in Table 4 clearly indicate that there
was saxisum loss of deta carotene vis, 53.12 per cent in
unblanched sn«irisd sample at the end of a month's storage.
Thexre was & gradusl redugtion in the loss of deta carotem
from undblanched sample towards those dlanched with or witbout
chemicals at any time-temperature and chemigsl combination., The
same trend wap alsc observed in cabinet-dried samples.

Ap regards the time temperature effect for conserving more
carotene during storage the high~teaperature short~time method
(B?S%) was better than the MTIMT and LTLT methods, coupled with
any set of chemicals. As regards the effectivenens of chemioal
combinations, it was fourd that doth sets of chemicals were
helpful im retaining beta earoters during storage Mt the KMS,
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Tadble 4 ¢+ Per cent loss of beta oarotens of spimach in
gun~iried and cabinet-dried products during
storage (Values caloulated on dry weight besis).

Treatment Per cert loss in sun- Per oent loes in cabinet-

symbol dried product after dried product after :
mggzh mgaz hs sm;a umh u::: hs m;l

Ag 53.12 65.17 74.55 48.66 55.52 66.22
A4Bg 48,35 58.3% 65.00 43.77 48,60 89.2%
A,B, 47.25 54,72 61.15 42,52  46.22  57.50
A1Ek 42.87 50,00 56.62 38,98 43.50 52.72
A, B, 42.7% 51.23 58,76 40,18 45,06 52,38
A,3B, 39.63 46.86 53,40 36 .40 40,30 49.38
AyB, 38.56  42.95 51,36  31.23  37.83  45.78
L) 42,54 49.71 56.91 38.56 44.96 50,08
Ay By 8,08 44.74 53,58 32.45 37.1% 45.51
A,Ba 56.11 40.82 50,31 29,18 32,20 42,82

¥gO and RaHCO5 set was supexrior over the other set in both,
sun~- as wll as cabinet-drying methods, The best treatment vis,
A,Eh which was blanched at boiling temperaturs with three
chemicals for two minutes lost 36.11 psr cent of caroteme in
sun-drying and 29,18 per cent in cabinet-drying.
This was followed by the treatment blanched with the

set of two chemioals, which in turn was followed by tap water
blanching in retention of higher quantity of bhets carctems,

Similar trend of beta carotenme lose was observed in all

the treatments under sun-drying as well as caninet~drying at
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the end of two months' gtorage. There was increases in loss

in all the treated am well as conmtrol samples. However, thare
was much less loss obserwved in a treated sanple than the control
one., The same treatment vis. A,Bz retained maximum carotems
vis. 40,82 per cent and 32.20 per ¢ent in sun-dried and ocabinet-
dried samples respectively at the end of secord month, This
treatment was followed by A?.Bz{and .A.leuin that order in both
the methods of drying,

At the erd of three monthe' storage alsc a similar trend
in beta carotene lose was obeerved in both the methods., The
caroctens losces wers further increased in all the treatments.
Even then the treatment A,B,‘, had the minimum loss of carotene
vis., 50.3) per cent and 42.82 per cent in sun-drying and cabimet-
drying respectively. 4ll treated samples retained more carotens
than control sample dut the amount retained by chemical blanching
was mOYS than that of tap water blanching treatmnt.

A8 regards the method of Arying, all the cabinet-dried
products retained more carotene than the sun-dried ones., A
dlanchad sample .A,Bz which was best among all the treatments,
retained 36.11, 40.82 and 50,31 per cent of beta carotens upder
sun=drying at the end of 1let, 2nd and 3rd month's storage as
against 29,18, 32,20 and 42.82 per cent for the respective
period of Btoraoge in cabinet=-drying, thus indieating that the
cabimet-drying is better than sun-drying method both for treated
as wll as untreated samples.

As yegards the rate of lozs of Deta carotene after dryirg
during storage, it was obeerved that the unblanched control
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sample of epinach lost 48.08 per cenmt of beta caroteme
immdiately after drying which increased to 53.12 per cent at

the end of first month's storege (an inorease of 5,04 per cent)
as againast the A332 treatment where the loss was increased by
25.09 per cent for the sams period., This is due to the maximum
loss of earotene during drying of control sample which, therefors,

loses lees beta carotens during the first month in storage.

The above results coincide with those obdteined by Thelma
(1944 ), Morgan (1944), Feinberg (1973), Salem ard Hegasi (1973)
and Patil (1976) in respect of blanching effeet, chemical
preservatives and drying method,

4.1.8 Rehydration s

The object behind rehydration was to find out the water

" absorbing capacity of the dried product under different sets

0f treatments. The rehydration was done by dipping 5 g of dried
sample in 100 ml of hot water having 75°C temperature. The
product waes kept in water until it became soft encugh and
attained ite full turgldity. 1t took on an average about one
hour in all samples to reach this point, After dipping for ome
hour the water was completely drained out, The rehydration ratio
was ¢alculated by dividing the turgid weight by dry weight. The
data are precented in Table 5. The data reveal that there was
no much difference bhetween blanched and unblanched samples of
dried material in respeet of rehydration ability inm both the
methods of drying. The unblanched ssmples of both the methods
of drying absorbed more water than the dlanched producta which
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wore treated by LTLT and MT¥T processing methods, thus
indicating that the ILTLYT and MTM! methods render the product
haxrd which may belp in preserving the product for a longer
time in storage.

Table 5 1+ Rehydration ratio of spinach

Treotme nt Sun-drieé Cabinet-dried

product product
Ag 3.40 3.48
Ay3, 2.01 2.40
Ay B' 2.20 2.23
A4B, %15 3.16
AEQD 2.40 2,81
4,B, 2,35 2.36
Ay B, 3.50 3.61
ABBO 2.80 2.89
AyBq 2.85 3.00
Ay By 3.55 %.70

As regards the use of chenical preservatives for incressing
the water absorbing capacity there was no remarkadle difference
between the two mets of chemicals., However, the K¥S, Mg(O and
lmm{)3 combination absorbed slightly higher gquantity of water
than the other combination. The samples treated with or without
chemicals at 80°C + 1°C and 90°C + 1°C tempsrsture absorbed less
water than the control sampls in doth the methode of drying. The
sample blanched at holiling temperature for two minutes with
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ehenicals absorhed more water than the control sample.

About the e¢ffectiveness of drying method for increasing
the rehydration ratio there was no consideradle different in
be tween aun-ilrying and cabinet-dryings however, the cabinet-
drying slightly inoreased the rehydration capacity than the
sun~drying method, In control samples of sun~drying the ratio
was 3,40 a9 againet 3.48 in cadbinet-drying. The best treatment
.was A,Bz which sbsorbed and held more water as car be seen from
its rehydration ratios of 3.55 and 3.70 in sun~-drying ard oabinet-
drying respectively.

The above findings falirly agree with those obtained by
Teaotia and ‘wasthi (1968), They reported that the 0.2 per cent
sulphiting treatment to jack fruit buld during blanching gave
better rehydration ratio, Patil (1976) aleo found that the
cabinet-drying method gave maximum yehydretion yield when ths

semples were blanched with K¥S, MO and RaHCO, chemicels,
/
4.1.9 gCulinary guality of the preduct 1

e culinary quality of the product was assessed by & pamsl
of 5 judges in respect of golour, texture, flavour, appearance
ard taste of prepared vegetadle. The data on the scores of
different treatment products are sumnmarised in Table 6. A
perusal of the data will reveal that various organoleptic teat
paramsters of products, scored differently for each treatment,
The unblanched product in both the methods of drying secured
the lowest marks than the bdlanched product with or without
chemicala, The sun-dried producte secured less marke in each
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saspect vis. ocolour, flavour, texture and taste. The colour

of control product was very faint dus to which the appearance
was unattractive, The taste of control product was not too bad
as against the blanched product.

A9 regards the effect of chemicals on culinary quelity,
the blanched samples with chemicals scored higher marks than
the water blanched gamples in both the methods of drying. Among
the ohemical cete, the KMS, MgO and NaHCOy »et Secured maximus
warks than the other set of chemicals, There was no remarkable
difference found in the methode of processing. However, the high~-
tenperature shticrt-time wmethod secured more marks than the MM

and LTLT methcds of proceseing.

There was considerable difference ip sun-dried and cadbinet~
dried products in respsct of colour, flavour and appearance, All
cabinet-dried products imluding the control ome secured more
marks than the sun-4ried product under the same set of treatments.
The cabiret~dried product had derk green colour and thus had &
good appearance, whareas, the sun-iried product lost its colour
during storage and after cooking, the sample decame piile yellow,
The best treatwent was A,Bz which was blanched at boiling
temperatures with KMS, MgO and MOOS chemical combination. It
secured maximum marks 1.e. B3 and 7O per cent in cabimt-drying
and sun-dryivng methods respectiwly. This treatment was
superior over esach aspesct of test against the other treatzents
in both the methods of drying.
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4.2 GOram legves :

Effect of blanching, chemical preservatives, time~
temperature combination amd drying metbhod 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 repressnted in Fig. 5.

4.2.1 Effect on chlorophyll 1

The datz reveal that there was severe loss of chlorophyll
in undblanched product as compared to bdlanched one with oy
without various chemicals at different time-temperature
combinations. There was as much a8 51.00 per cent loss in
sun~dried control product and the loss was gradually reduced
through different treatments and it was minimum f.,e. 12,15 per
eent in a treastment which was blanched gt 90°C &+ 1°C teamperature
for two minutes with 2.0 pexr cent KaCl + 0.2 per cent KMS.

As regardse the chemicals used in dlanching process, it
wa# observed that 2.0 per cent NKaCl + 0.2 per cent KNS was a
better combination of chemical preservatives, Next to abowe
the chemical combination of 0.5% KMS + 0.1 per cent ¥g0 + 0.1
Na3003 wag found to be good followed by water blanching treatment
in comparison with unblanched products. Among the methods of
blanching, i1t wae obegrved that HTST method was supsrior over
¥T'MT and LTLT methods with or without chemicals as there was
gredual reduction in the loss of chlorophyll content with these
combinations from LTLT through HIST ¥athod,
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The data of the same Table further indicate that the
cabinet~drying method is helpful for retaining more chlorophyll
than the sun~-drying method, The loss of chlorephyll in sun=-
drying control method was 51.00C per cent, whereas, in cabinet~
drying control product, it was only 40.45 per cent immediately
after drying.

The above findinge are in agreenment with those obtained by
Dletrich (1958), Gupte amd Franmcie (1964), Van et al. (1964)
and Dutton (1943), Dietrich (1958) observed that there wae
conversion of chlorophyll to pheophytin during processing.
Wagen Knecht et al. (1978) found that blanching helped in
pressrving chlorephyll. According to Dietrich (1965), as the
durstion of blanching increases, the losses of chlorophyll also

inorease, Gupte et &l. (1964) found that spinach proocessed by
HTST method retained more chlerophyll tham that by LTLT method.
Fatia (1963) concluded that chemical preservatives l1like NaHCOy
g0, KMS were helpful in minimising the chlorophyll losses during
blanching and subsequent drying of peas.

4.2,2 Effect on ascorbic gcid 1

The data in respsot of above constituent in Table 7 reveal
that there was considerable lose of ascorbic acid in unblanched
product 1.6, 69,52 per cent of sun-dried control as compared to
blanched product with or without chemical in any time-temperature
combination. The maximum loss viz, 69,92 per cent was olmerved
in sun-drigd control and gradually it lowered down upto 25,91
per cent in a sample blanched at 90°C 4+ 1°C temperature with
2.0 per cent MaCl + 0.2 per cent EKVS for 2 minutes,
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¥hen the effectiveress of chemical is consldered, the
ecombination of 2,0 per cent RaCl + 0,2 KNS was better followed
by the other set of chemicals vis. 0,5 per cent KNS + 0.1 per
cent ¥MgO + 0.1 per cent N:Hcos and tap water blanching in that
order, As regards the time-temperature combination the high-
tenperature short-time (HTST) blanching was btetter than medium
temperature for medium time and low temperature for long time

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

Similar trerd of reduction in ascorbic acid loss was
obsarved in cobinet-drying which was superior to sun-~drying
in each of the treatment combinations. The loss of ascorbdic
acid was $55.41 per cent in cabinet-dried product, which was
unblanched control as againet 69,92 per cent in sun-dried
control. The minimum loss of ascordic acid was obeserved to be
25,91 per cent in A232 treatment of sun~drying method which was
furtheyr lowered down to 13.49 per cent in cabimet-drying for

the sam time, temperature and ochemical combination,

From the above brief account it is wvery clear that the
blanching by FTS5T method with ehemical preservatives coupled
with cabinet-drying is helpful for retaining maximum amount of
ascorbic acid, Thene findinge are in agreement with the
findings of seversl workers. FEheart et al. (1945) reported
that blanched beane were richer in ascorbic acid than the
unblanched ones. VMalekar and Banerjee (195¢) studied the
retention of ascorbic acid during blanching and concluded that
blanching in sulphite solution wag the dest method for retention

of ascorbic acid in vegetables,
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In onpe of 2.0 per cent NaCl + 0.2 per cent XMS blamhing,
the leaching of ascordic acid was prohibited. The chemical
combination gives protection to the ascorbic acid as KNS gets
reduced first. As & result there are lesa losses of ascorbie
acid which were Ddlanched with these chemicals. Crusss (1943)
found that the ascorbic acid was well retained when the
vegetable was suiphited before drying., According to Singh (1973)
blanching with 0.3 per cent XkKS was good for avoiding browning
of cabbage after dehydration while Patil (1976) reported that
use of chémicals during blanching helped in controlling the losas
of ascorbic acid. He further reported that the high-temperature
short-time metrod of processing was superior over ILTLT method
for retaining more ascorbic acid. Selem and Hagesi (1973)
reported that the sun-drying caused more loss of vitamin than
the quick vacuum drying.

4.2.3 Effect on beta carotens 1

The dato presented in Table 7 reveal that the highest loss
of beta carotene was found in unblanched control sample ap
compared to blanched produet with or without warious chemicals
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 dome with various chemicals, different time~-
tempsrature combinatione was gradually reduced and was observed
to be minimum {.e. 13,49 1in a treatment which was blanched at
90°C + 1°C temperature with 2,0 per cent FaCl + 0.2 per cent
X¥S molution,
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Among the wvarioues chemicals used in blanching solution,
it was odeerved that 2.0 par cent NaCl + 0.2 per cent KMS
combination wae superior over the other set of chamicals and
over no chemical blanching. It is also evident from Tadle 7
that the A2}32 treatnment in sun-drying allowsd the loes upto
12,93 per cent only ams against 15.49 per cent in A,Bz treatment
and 25.79 per cent in A R, treatment which was water dlanching
thus indicating that the ‘232 treatment {.,e. 2.0 pexr cent HaCl +
0.2 per cent KI'S is most effective in controlling the loss of
beta carotenea, Af regards the time temperature combination tie
90° 4+ 1°C for 2 miputes was supsrior over both the other
temperature with any chemical set or nmo chemical, in both the
mthods of drying. It was followed by MTMT and LTLT methods
in that order.

The reduction trerd of loss of eta carotens, which was
observed in cabimet-drying proved superior over the sun-drying
in each of the treatment combinations. The loss of Mete carotem
in cabimet~dried control samples was 357.11 per cent as against
49,09 per cent in sun=-drying contrel product, thus showing the
effeotivenese of cabinet-drying in retaining beta carotem,

The results obdtaimed by Morgon (1944) fairly agree with
those obtained in this study. He reported that the dehydration
of mustard green and spinach lost their beta carotene to the
extent of 27 per cent{26 per eent in undlanched spinach and
mustard green sample respectively but there was no loge of
carotane in blanched spinach sample and it wams only 20 per cent

in Dblanched mustard green sample,



54

Patil (1976) stated that the combimation of X¥S, MgO amd
Ilam'.!o3 with HTST method preserved maximum amount of carotenoid
during bdlanching and dehydration, He also reported that the
quick drying method was far better than the slow drying method
for retaining beta carotene in fenugreek after drying.

4.2.,4 Effect on drying ratio @

The data presented in Table 7 rswveal that the blanched
sample had lower drying ratio than the undlanched sample in
both the methods of drying. In sun~drying control, the drying
ratio was obeerved to be 1:7.50 in unblanched and 1t was
minimum i.e, 1:14.05 in a treatment blanched with 2.0 per cent
KaCl + 0.2 per cent KMS,

As Tegards the effsct of chemical combination for bringing
down the ratio, it was obeerved that 2.0 par cent RaCl + 0.2 per
cent KMS gave the lowest drying ratio followed by the other set
of eheamicals and without chemieal blanching. It is very clear
from the data in the same Table that in cabinet-drying the ratio
wa® lower than that of sun-drying. The treatment A282 in
cabinet-drying gave the ratio 1:3.55 s against 114.05 in sun-
drying of the same tims-tenperature and chemical combination,
The ebove findings are in line with those of Weiser (1962) and
Pat1l (1976), Veleer (1962) reported that the drying ratio was
higher in unblanched produet than that of dblanched product while
Patil (1975) stated that the HTST method with chemical
preservatives like K¥S, Mg0, NaCl and F-aHCO, effectively brought
down the drying ratio when dried in cadbinet-drier.
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4.2.5 BRffect of different treatments on retention of
ohlorophyll, ascorbiec acid and beta carotene of

gran leaves during storage for three monthe at
room tsmperature

The treated samples along with the control product were
stored at room temparature for a period of three months and
were analysed for chloroephyll, ascorbic acid and beta carotene
content at the end of sach month, The resulte obtained are
presented in Tables B, 9 and 10 and graphically represented in
Fig.4, 5 and 6 respectively.

4.2.5.1 Effect on ehlorophyll

The data in respect of chlorophyll loss during the
storage period, presented in Tadle 8 reveal that there was a
severe loss of chlorophyll vis, 59.48 per cent and 52,87 par
eent reapectively in unblanched control of sun-dried and
cabinet~dried products at the end of a month's storage. There
wap a gradual reduetion in the loss of chlorophyll from
unblanched samples towards blanched samples with or without

chenmicals in blanching water, as is evident from Plate 11I,

As regards the time~temperature regimes the HTST method
was bDetter than XTVT and LTLT methods with or without chemicals
in both the metrods of drying. Similarly the chemical comdbi-
nation of 2,0 per cemt ¥all + 0.2 per cent KMS was found to be
better followed by the other set of chemicale viz, 0.5 per cent
KNS + 0,1 per cent ¥gO + O,1 per cent chos and nc chemical
blanching in that order.
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Table 8 : Data regarding the per cent loss of chlorephyll
of grep leaves in sun-dried and cadbinet-dried
pecducts during storage at room tempsrature
(Valuee calculated on dry weight basis),

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

One Two Three One ™™o Three
month monthe months ronth months monthe

Ao 59,48  68.27  73.05  52.87  61.01 64.9%
AqBy 48,87  57.89  65.50  42.59  51.59 58.29
AqB, 42,72 53,53  59.92  36.01  47.69 53.25
AyB, 39,96  49.82  55.46 32,15  45.90 5131
ApRy 45.47  51.81  57.28  35.01  42.98 48.10
AyB, 58,74  43.07 50,00 31,01 38,01 43,03
AxB, 30.85  37.47  45.4  27.17  34.03  39.13
Ay B, 48,20  54.22 60,93  37.32  49.32 54.33
AgBy 41,79  46.22  54.85  35.95  42.88  47.06
AgB, 36,18 41.61  49.95  29.71  35.97 41.29

The bect treatment for maximum retentior of chlorophyll
was Azﬁb which was blanched with 2,0 per cent RaCl + 0.5 per cent
KMS at 20°C i 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 respectiwely at the end of &
month's storage.

The msame trend of chlorophyll loss was observed in all the
treatments in sun-drying as well as cabinet-drying 2t the end
of two month's storage. The loss further increased in all the
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samples which were treated with or without chemicals and
control samples. However, thers were much lese losses obserwved
in samples which were treated in 2.0 per cent NaCl + 0.2 per
cent KNS solution than in thoae samples trepted with othey set
of chemicalp and no chemicals blanching.

At the end of three month's storage also & similar trend
in chlorophyll losses was obeerved in both the methods of drying.
The chlorophyll lcases further increased in all the treatments
and it was maxioum in control sample followed by no chemical
blanching. The combination of NaCl and KMS 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 4,B, treatuwent restricted
the loss to 45,14 per cert in sun-drying ae against 39,11 per
cent in cabinet-Crying,

A8 regards the method of drying all the cablnet-dried
sauples retained more chlorophyll than the sun-dried products
which is8 quite e¢vident from plate JIJ. A blanched cabinet-dried
sample with 2,0 per cent NaCl + 0.2 per cent KN¥S lost, 27.17
per cent, 34.03% per cemt and 39,11 per cent of chlorophyll as
againet 30,85, 57.47 and 45.14 per cent in sun-drying at the
end of lst, 2rd and 3rd month's storage respectively.

Bowever, the rate of loss of chlorophyll after drying was
more in blanched samplee as compared to urblanched control during
the first month's storage as c¢an be seen by comparing the values
given in Table 7 with the values of Table 8, The loms of
chlorophyll immediately after drying was 51,00 per cent in



PLATE III

1. Cabinet-dried control
2., Sun-dried control

3. Blanched sample with 2,0% NaCl + 0,2% KMS
at 90°C in cabinet-drying
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sun-dried control produet which further increased upto 59.48
per cent after & month's storage (an increase of 8.48 per cent)
whereas, for the same period of storage the loas was more than
8,48 per cent in any of the treated samples. This can s
attriduted to the heavy losses of chlorophyll during drying in
untreated oampler and ae such theye was lesser loes in storage.
Op the contrary the losses of bdblanched products were minimm
during processing and drying but they increased during etorage
of first month only.

From the above brief account it is wvery clear that the
blanching with chemical preservatives is epsential for presexrving
gresn colour through out the storage periocd., The results are in
close agreemsnt with those reported by Bhatia et al.(1963) who
maintained that the chemical preservatives are necessary during
blanching for preserving chlorophyll during storsge. Jafer
(1966) reported that blanching of the okra with RaCl solution
helped in malntaining the green colour of the fruit, while
Sistnenk et al. (1970) ooroluded that blanching treatment
helped in colour retention of summer squash puyee, Similar

resulte were obtained by Patil (1976) working with ferugreek leaves.

4.2.5.2 Effect on ascorbic aeid

A perusal of the data in Table 9 reveal that there was a
maximum loss of ascorbic acid in unblanched samples in both
mthode of drying as compared to dlanched samples with or without
chemicals. The sun-dried control product lost its ascorbic acid
upto 81,13 per cent as against 38.08 per eent in a sample
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blanched by HTST method with 2.0 per cent NaCl + 0.2 per
cent K" at the end of a aonth's storage. There was steady
reduction in the lose of asocorbdblec acid from unblanch-é to the
blanched samples, with or without chemical bdlanching.

Table © ¢+ Data regarding the per cent loss of ascorbiec
acid of gram leaves in sun-dried and cabinet-
dried products during storage at room temperature
(Values calculated on dry weight basis)

Treatment Per camt loss in sun~ Per cent loss in cabinet~
Symbol dried product after dried produst after

Une Two Three Une Two Three
month months monthe month monthe monthse

Ag 81.13  90.24 98.06 74.78  B1.60 96.21
AyBy 73.21  83.68 90.51 64.12  T1.98 81,23
AqyBy 66.98  76.96 84.27 54.97  66.42 76.34
ARy 47.25  59.27 75.28 40.59  48.96 59.12
2By 56,13  75.22 84,76 46.87  55.16 64.46
A, B, 50,12 6€5.00 T75.94 43.31 48.14 55.11
AR, 36,08 49.69 67.04 3110  39.03  47.03
s 65.94  78.70 87.03 58.14  65.22 70.38
AgB, 60.41  72.67 80.22 45.00 60.19 61.31
A5, 44.68 54,05 T1.24 37.48  46.99 52,10

A8 regards the tim~temperature range the high-
temperasture short=tims wethod prroved to be superior than the
NTET and LTZ.T methods in sun-drying as well as cabinet~
drying. A7mong the warious chemicel combinations the set of
2.0 per cent NeCl + 0.2 per cent K)¥S proved better than the
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K¥S, g0 and NchOS combination., The A;B; treatmemt lost only
38.08 per cent of gscorbdic acid as against 44.68 in:the A,Bz
treatment and 47,27 per cent in A,BZ treatment at the end of om
month's storage in sun-drying method, A similar trend of
chemical effect was observed in cebimet-drying also,

At the erd of second month's storage also the trend
remained the same under both the methods of drying. There ware
further losses of ascorbdbic acid in all treatments. foweveyr,
there were much less losses of ascorbdbic ecid foumd in chemically
treated samples than the water blanched asmples and control
sanple.

The loes of agcorbic acid further increased at the end of
third month's storage in all the treatments and for both the
methoda of &rying, Even then the treated pamples in both the
methods retained maximum amount of vitamin C than the other
water blanched and unblanched sampies., The minimum losses were
observed in 4B, treatment vis. 67.14 per cent and 47.03 per cent
es against 98,06 per cent and 96.2 per c¢ent in control of sun=-
dried and cabinet-dried products respectively, thus indicating
that the chemical preservatives are much helpful for minimising

the losses of ascordbic acid.

Ap regards the method of drying all the cabinet-dried
samples etained more ascorbic acid than the gun-dried samples
under the sam eget of treatments. A blanched cabdbinet-dried
produet with 2.0 per cent RaCl + 0.2 per cent KNS restricted
the loes to 47.03 per cent as against 67.14 per cent in
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sun=drying after *» month's storage period, So it is wery clear
that the cabinet-drying method is far better than the sun-drying
method for precerving vitamin C.

Eventhough the blanching helps in retaining more ascorbic
acid during procescing and storage, the rate of loss is more in
blanched product with or without chemical Quring the first month
of storage eontent, This 18 due to ths loweat ascorbic acid
in control product after drying, which automatically decreased
the rate of further loss during storage, while the blanched
sampples with or without chemical treatment retained more ascorbic
acid during processing and subsequent drying and the rate of
loss inereased during first month's storage, eventhough, it was
lesser than the total lose produced by undlanched samples during
the same storage period.,

The above findinge are in cloee agreemgnt with those
reported by Eheart et al. (1945), ¥organ gt al. (1945), Singh
(1972) anmd DPatil (1976)., Eheart (1945) reported that blanching
is a must for retaining maximum ascorbic acid while Morgan(1945)
reported that dlanched samples of spinach lost less ascorbiec acid
than unblanched ones during storage. According to Singh (1972)
K¥S is essential for retaining ascordic scid during storage. He
bas recommendad 0.5 per cent K¥S in Ddlanching water. Patil
(1976) concluded that slow drying causes more loss of vitamin C
during storage of fenugreek wvegetable than that of oven-dried

samples,
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4.2.5.3 Effect on beta carotens 1

The data presented in Table 10 reveal that the blanching
is helpful in retaining more blté carotene during storage as
was the case with chlorophyll and ascorbic acid, Iuring storage,
the blanchad mamples with or without chemical treatment retaimed
appreciably more amount of beta carotene than the unblanched
control samples in both the methods of drying.

Table 10 1 PFer cent losses of beta carotene of gram leaves
during storage, in sun~dried and cabinet=dried
products (Values calculated on dry weight baeis),

TeYEbor . Taried srosuet fver | dried product after
One Two Three One Two Three
month months monthe month monthe months
Ap 57.33 62,40 68.53 49.10 56.62 60,10
A48, 47.06 54.90 62.84 42.17 50.11 55.22
A4B, 41,40 49.46 55.59 54 .67 44.10 50.31
AyB, 39.47 46,94 54.48 30.17 39.32 47.83
A,B, 41,54 47.09 51.01  36.26  41.39  47.25
AyBy 36419 38,60 44.56 31.2% 36 .89 42.50
4,8, 32.02 37.96 42.00 22.94 27.917 34 .61
AyB, 42,14 45,91 54.09 3741 42.12 49.19
Ay By 41,05 41.05 50.88 3%.5% 40,20 46.02
A.‘,’B2 35.17 38.70 49.12 25.52 3%.06 40.06

A8 regerds the time~temperature comdination the high=-

tenperature short-time method is quite supsrior 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 NaCl + 0.2 per
cent K'S proved to be better than the set of other three chemicals
ard no chemical blanching. The treatment which was blanched with
2.0 per cent 1aCl + 0.2 per cenmt K¥S (A,B,) lost 32.02 per cent

of beta caroterne as against 35.14 per oent loss in A332 and 39,43
per ecent less in ;!51132 during the storsge period of first month

in sun-dried product.

Similar trend of reduction in loss of Dats carotens was
observed in all the treatments under sun-drying as well as
cabinet drying at the end of 2nd month, But the amount retained
by each tyreatment was differert. The product blanched with
NaCl and K'S combination retained maximum amount of beta caroteme

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

At the eni of three month's storage 2leo & similar trend
in deta carotens loss was obgerved in the treatmnt under sun-
drying as well as cabinet-drying. The carotenocid losses further
inereased in all the treatments of blanching with or without
chemical but the treatment of blanching with FaCl and XKS st 90° 3
1°C temparature for two minutes had the minimum loss of beta
carotene vis, 42,00 per cent anéd 34.61 per cent in sup-drying
and ecabinet-drying respsctively. The above treatment combination
was followed by A,Bz treatment and A1nztrcatmnt in that order in

retaining more beta carotene,

A8 regards the method of drying there was considerablae

decrease in lcas of beta carotene in cabiret dried product as
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against sun-dried produet under the same st of treatments,
A blanched cabinet-dried product with NaCl + K¥S (A,B)) lost
34.61 pexr cent of its amcordbic acid as against 42,00 per cent
in sun-drying at the end of three month's storage. The msame
trend of reduction in loss of beta carotens was observed in

other treatment combinations also.

In vespect of the rate of carotene lose obeerved in storage
of blanched as well as undlanched samples as saen from Table 7
and Table 10 1t is clear that the rate in unblanched sample was
low as compared to blanched ones during the lst month's storage.
T™his is because of low carotene content in unblanched product

after drying dus to which the further storesge loss was reduced.

The results obtained in respect of beta carotene are in
agreemsnt with those obtained by Thelma (1944) who stated that
during home drying, bset lost 18,30 per cent of its carotene
and during storage the loss went upto 60 per cent. Morgan(l944)
reported that there was loss of carotens during dehydration of
unblanched spinach and mustard green but when the samplez were
blanched the loas was effectively controlled., Teinberg (1973)
reported that blanching helped in reducing the losses during
storage., When the earrot was blanched with sulphite solution,
it lost 77.2 per cent of carotene ae against 81,9 per cent in
only blanching with water and 93.0 per cent in unblanched sample.

4.2.6 Rehydrgtion ratio of gram 1
The rehydration ratic of dried gram leaves was worked out

in the Bame way as in epinaech and the data s0 collected are given
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in Tadle 11,
Table 11 : Rehydration ratioc of gram leaves

Treatment Sun-dried Cabinet-dried
product product
Ay 4.50 5.30
A48, 3.40 5.45
AyBy 3.21 3.20
M5 3.45 3.50
Ao By 3.5 5.90
A By 4.30 4.25
Ay B, 4.70 5.60
5330 377 4.10
Ay By 4.38 4.40
A,Bz 4,65 5.50

The data reveal that tne treatment in which the blanching
was done at 70°C + 1°C and 80°C + 1°C temperature with oxr
without chemicale absorbed less watar than that of unblanched
control rroduct in both the methods of drying. This indicetes
that the LTIT and MTI'T methods of processing are not helpful
in increaning the rehydration ratio.

As regards the use of chemical preservatives for increasing
the water absorbing eapacity there wae no appreciadle difference
between the two sets of chemicals and bianching solution. Howewver,
the 2.0 per cent NaCl + 0.2 per cent KMS combination absorbed
more water than that of the other set of chemicals in doth the
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methods., Samples treated with both the sets of chemicals
absorbed more water than that of water blanched samples., The
sanmples blanched with both the sets of chemicals at 90° + 1°C
adsorbed more water than thaet of control sample thus indicating
that the HTST method only is e¢ffectivwe in increasing the

rehydration ratio,

About the effect of drying wethods on rehydration capacity
1t wa® obeserved that there was considerable different in sup-
dxying and cadbimet-drying. The cabinet~dried pample absorded
more water than the sun-dried one. In almoet all the treatments
the ratio in control sample of sun=-drying method was 4,50 as
against 5.30 in cabinet-dried sample, The treatment A,B, which
was blanched at 90° + 1°C temperature for two minutes gave the
maximunm ratio of $.60 in cadinet=-drying as against 4.70 in sun-
dryirg.

The data presented in Tabdble 11 fairly agree with those
reported by Teotia and Awasti (1968) and Patil (1976). Teotia
and Awasti stated that treatment to Jack fruit bduld during blanching
improved the rehydration ratio while Patil (1976) reported that
the eabinet-drying method gave maximum rehydration yield when
the samples were blanched with EMS, ¥gO and maco,.

4.2.7 Qulinary gquality of the product @

The eulinary quality of the product was observed by & parel
of five judges in respeet of colour, texture, flavour, appearance
and taste of rrepared gram leaves vegetable. The data on the
scores of different treatment: products are presented in Tabdle 12,
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The data in Table 12 give c¢clear idea that the various
organcleptic test parameters of products scored differently. The
blanched samples with or without chemical secured more marks
than the unblanched comtrol product in both the methode of drying.
The unblanched product sscured less marks in every test para-
msters, The colour of control product was very faint due to

which the appearance of prepared vegetable wa? also unattractive,

The blanched samples with any set of chemicals secured more
marks than the tap water blanched samples and control ones in
both the methods of drying. Among the sets of chemicals used,
the combination of RaCl and KMS scored the highest marks followed
by the other set of tiree chemicale in sach aspsct of test. There
was not much different obeerved in samples blanched at different
temperatures, However, wvery small differevt was obeerved Detween
the three i.e. iTIT, MTNT and HTST wmethods of processing. The
BTST method secured higher number of marks than the other two
mthodi.

There was considerable difference observed in sun-dried and
cabinet-dried products in reapect of colour, flavour, appearance
and taste. All the cabinet-dried products including the control
pecured more marks than the sun~dried products under the same
sat of treatnents, The cabinet~idried product had dark green
¢olour and thus had good appearance, whereas, the sun-dried
producte, were pale yellow in colour after cooling as they had
lost most of their ehlorophyll during storage of three months,
The treatment A2132 was found to be the best one in respsct of
colour, texture, flavour and taste of the finished product,
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securing maximum marke viz, 69 apd 79 for sun-dried and cadbinet-
dried products respectively.,

4.3 Comparstive response of spinach and green leaves to
various treatments

The precent study was undertaken simultameously for apinach
leaves a2 well as gram plamt tops. It will be seen from the
data presented in Tables 1 and 7 that spinach and gram responded
differently to some of the treatmente along with their reaponse
to most of the treatments was the same viz, both gave better
Products when blanched as compared to unblanched ones. Similarly
RTST method “roved to be superior to MM and LTIT methods of
processing in reducing the losmes of chlorophyll, ascorbic acid
and beta carotene, the essential corstituents, Both produced
better quality producte when dried in cabinet-drier than in
the sun,

But the bolling temperature (HTST) which proved to be
superior for aspinach proved to be too high for gram. Boiling
temperature produced pulpy mase of gram leaves and as such 90°C
pfovod to be optimum high for gram leaves. This could be
attributed toc the lepder tips of the gram plant tops and the
maleic acid which is present in it,

Similarly, the chemical combimation of KNMS, Mg0 and
naacos. which prowved superior in redueing losses of chlorophyll
ascorbic aclid and beta carotene in spimmch, proved inferior to
NaCl + K¥S combination for the same purpose in grams. This could
be due to the interaetion between the maleic acid of gram leaves
with NaHCOz ox MO or both which rendered the second set of
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chemicale ineffective for grams. There are no published dsta
available to pupport this assumption,

Similarly, the drying as well as rehydration ratios in
gram leaves (Tables 7 and 11) wers much higher than the
correaponding ratios of spinach (Tables 1 and 5)., This ecan be
attriduted to the sussulancy of the spinach leaves and compa~-
ratively dry gram plant tope which contain a part of the stem
also, The rehydration ratio in gram was also higher. This
eould be due to faect that the dried stems absorb more water

than the leaves due to their anatomical differences.
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CHAPTER ¥
SUMMARY AND CONCLUSIONS

The precsent study was carried out during the period
between February, 1979 to June 1979, Summary of the work done
and caonclusions drawn as & result of this investigation are

presented below,

5.1 inach :
5.1.1 Blanching

A1l blanched samples in both the methods of drying vis.
sun-irying and c¢abiret-drying retained more amount of e¢hlorophyll,
ascorbic acid and beta caroters than that of conmtrol (umblanched)
samples after drying and during subsequent storage. All blanched
sanples with or without chemicals resulted in lower drying ratio
than that of untreated control samples. Their culinary quality
was aiso adjudged to be better than unblanched products after

storage.

5.1.2 Time~temperaturs combination :

The high-temperature short-time method (HTST) of blanching
controlled the losses of all thres major constituents vis.
ehlorophyll, ascorbic acid and beta carotems wvery effectively
than the medium-temperature, msdium-time (MTMT) and low-
temperature long~tims (LTLT) methods of blanehing im both the
methods of 4drying after drying and during subsequent storage.

5.1.5 Effect of chemicals in blanching ligquid :

Al ctemically treated samples sither with 2.0 per cent
FaCl + 0.2 per cent EMS or with 0.5 per cent K¥S + 0.1 per cent
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M0 + 0,1 per cent mncos retained wore amount of chlorophyli,
ascorbic acid and heta carotems during dryingz and storage for
three months than the blanched samples without chemioals and
the unblanched control, Between the chemical sets used, the
KMS-IQO—MHCOB combination was found to be superior to the set
of two chemicale viz. NaCl and KMS in both sun-drying as well
ap cabinet-drying.

S.l.4. Mathods of drying :

Between the two methods of drying vis. sun-drying and
cabinet-drying employed during the present investigation, it
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 more chlorophyll,
ascorbdic acid and beta carotens than the correspond ing 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 more
than the corresponding sun-dried product. In the culinary guality
tests alno the cadinet-dried samples proved superior to the sun-
dried ores in respeet of colour, flavour, appearance, taste and
texture.

tn the basis of these obmervations the following broad
eonclusions ¢an be drawn., The cabinet-dried product which was
blanched at doiling temperature for 2 miputes with 0.5 per cent
KPS 4+ 0.1 per cent ¥g0 + 0.1 per cent N‘HCOB wasp the beat ome
among all the cabinet~dried and sun-dried products in respsct
of the maximum retention of chlorophyll, ascorbdic acid and
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beta carotens content, It also produced the maximum rehydration
ratio. This was followed by the method of blanching with the
second set of chemicals and the bdlanching without chemicals in
that order.

5.2 Gram leaves @

5.2,1 EHElanching :

All blanched semples in both the methods of drying vis.
sun-drying and cabinet~drying retained more amount of chlorophyll,
ascorbic acidé and beta carotene than that of control (unblanched)
sanples after drying and during u‘ubnqmnt storage. All blanched
samples with or without chemicals yesulted in lower drying ratio
than that of untreated control samples. Their culinary quality
was alsc adjudged to be better than undlanched product after
storage.

5.2,2. Tima~temperaturs combination

The high~temperature short-time method (HTST) of bdlanching
controlled the losses of all three major constituents vis,
chlorophyll, ascorbic acid and beta carotens very effectiwely
than the mdium-temperature medium=-time (NTMT) and low-temperature
long-time (L7L7) methods of blanching in both the methods of
drying, both after dryirg and during subeequent storage.

5.2.3 Effect of ctemicals in blanching liquid :

A1l chamically treated samples either with 2.0 per cent
NaCl + 0,2 per cent K¥FS or with 0,5 per cent KMS + 0.1 per cent
Mg0 + 0.1 per cent Hanco3 retained more amount of chlorophyll,
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ascorbiec 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 NaCll +
KiS combination was superior to the set of three chemicals vie,
KMS + Ig0 + Rchos in both sun-drying ae well as cabinet-drying
methods,

$.2.4 Methods of drying 1

Batween the two methods of drying viz, sun-drying and
cabinet-dryine employed durinz the present investigation, it
was observed that the cebinmet-~drying method was supsrior owver
sun=-drying method in every respect. All the cadinet-dried
products including control sample retained more chlorophyll,
apcordbic acid and beta carotens than the correepond ing sun-dried
samples. The drying ratio was higher in cabinet-drying than
in sun-drying in each set of trsatments. The water abaorbirg
capacity of cabinet-dried product was found to I more than the
corresponding sup-dried produets. In the culimary guality test
als0 the cabinet-dried samples proved superior to the sun-dried
ones in respect of colour, flavour, textures, appearance amd
tante,

On the basis of these obssrvations, the following broad

eonclusions can be drawn,

The cabinet-dried product which was dlanched at S0° & 1°C
tenperature for 2 minutes with 2.0 per cent Na(Cl + 0.2 per cent
K¥S was the best one among all the cabinet-dried and sun-dried
producte in respect of the maximum retention of ehlorophyli,
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ascorbic acid and beta carotens content. It also produced the
maximum rehydration yield. Thie was followed by the method of
blanching with the second set of chemicals viz. 0,5 per cent
K¥S + 0,1 per cent MgO + O.1 per cent Naﬂccs and dlanching
without chemicals in that order,

On the besis of the results obtained in the entire study,
it was observed that epinach and gram leaves responded differently
to different treatments, Although both required HTST method of
blanching for maximum retention of important conetituents like
chlorophyll, ascorbic &c¢id and heta earotene, the spinach
required boiling temperature while gram leaves required $0°C
temperature only. Similarly spinach responded better to the set
of three chemlieals vig, KM8, M0 and Ncho, whereas gram leaves
d1d well to retain all these three constituents with only two
chemicals viz, 0.2 per cent NaCl + 0.2 per cent KNS,
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APPERDIX

Room tenpsrature during the atorage period
(mekly averags)

Week Maximum *C Mnimun*C
Teo 1979

lst week 30.7 11.6
2“ waek 31:, 12 o‘
Srd week 31.5 10.4
4th wesk 31.2 15.3
Mareh, 1212

lst week 32.2 13.3
2nd week 35.6 15.1
3rd week 36.% 14.8
4th week 3174 16.1
April, 1979

iat week 5705 15.5
2nd week 59&3 19.1
Ird week 9.2 19,6
4%h week 40.% 20,8
Wy, 12’_}’2

1st waek ,9.9 20.1
2né week 41,1 2%.8
3rd weak 37.1 21.7
4th week 38,0 21.4
June, 1979

1st week 8.6 2%.6
2nd week 40.9 24 .5
¥rd week 18,0 25.4
4th week 35.% 24 .6

5th week 50.7 22,8




Spinach 1.938 mg/lik, 22.9% ag/100g 12. O ppw/100g

T-1102_
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