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TZRIRODUCTION,
Ioed For The Family,

One of the chisf reaponsibdilities of the homenmaker
is 0 provide nutritious food to the family, This res-
ponsidbility involves purchase, storage, preparation and
sorvige of foods, besides soms amouny of food produetien
through the kitchen garden. Vvise nanagexent will help
the homemaker %0 oarry oul all shess duties im an effect-
Ave manner, with the mininua expenditure of the resouroes
of the family.

The proper sterage of foods, partiocularly the perish-
ables, such as vezetables and fruits, is an faportand
aspeot of food management, beceuse it helps in obdtalning
maxisum nutritive values from foods. Vegotadbles and
fruits deteriorate rapidly Af not stored under proper
conditions. They lose their nutrients, especially vitanin
Cy Af aoxposed $0 air and alloved to wilt, ¥ith a little
aore care in She storage of those perishadles, the home-
maker can improve the family diet oonsiderably, Henos, a
knowledge of good mathods of storage of wvegetables is
essential for providing the family with nutritious food,
Proper methods of storage are iaportant from the economio
standpeint as well, They reducde the vastages due to
spoilage, and mininise ths expendisure ea shopping $rips.
In addition, they help to save tine and energy spent on



markeging. Henoes; application of proper methods ef stor~-
age of vegetabloa in the home, vwill ensure $he progure-
ment of saximm nutrients with the miniaun expenditure
of the resouroos 8f the family, such as momwey, time and

energy. Thus there is detter home management.

Socientifie atudies have established the faet that
refrigeration is an effective method of storage of per-
iahadles. Pentger (1959)‘ asserts, "There is no subst-
itute for refrizeration as a means of keeping fresh and
frozen foods from losing qualisy®. However, wost of the
Indian homes are nod in a position %o afford mechaniocal
refrigerators.

The anmual per eapita income was Rs 29150 for $he
yoar 1956-57%, unereas the price of the mechanical ref-
rigerator ranges from Ran1,700/00 upvards. Even in fam-
iliea vhere the average ingoms may permit the possession
and use 9of tho refrigerator, information adout ids ad-
vaniages, care and maintenanoce is laeking, with the re-
sult that many persons are not yet oconvinoed of its ef-
fioaay.

There is need therefore fer imiroducing siapler and
less expensive devices for stoying perishables in the
Indian homes The 'Janata’ refrigerator is one such de-
vice made of pottery, being promoted in the rural areas



by the 'Mukhya Sovikas' and *‘Gram Sevikas' working in
the Community Dovelopment Projraamen. They claiam that
vegetables stored in the Janais refrigerator remain
fresh for about three to four days. Hovever, m soient~
ifie study hus yet bLeen made on the suitadility and ad-
vantages ef the Janata refrigerator, Hence, the prssent
investigation was undertaken %0 study aeientifically,
the suitadility, efficienay and eoononmy of the Janata
rsfrigerator, for storing perishadble foods in Indian
homes. I% is hoped that the findings of She study will
be of importanges in promoting mutrition and better home
sanagesent. .



TR3VE . ¢ LITIRATURB,

Sausas of Food 3vellage.
One of the major problems that the homemaker

faces in food atorage, is the spoilage of foods due
%0 various causes. A proper understanding of the
nature and causes ¢f food spoilage will help $¢ prevent
the losses dus to spoilage.
Pennington and Tressler (1951)7 state that the
prineipal causes of food spoilage are »
(a) The grovth of miscrvorganisms, chiefly bmoteria,
yeasts and mouldss
(%) The action of ensymes which ocgur nasurally ina
the foods;
(e) Chomiocal remction, such as oxidation and hydro-
lysis;
and (4) Desiocation.
3poilage of food materiale may occur dus $0 any one
of thess reascns; oy a comdination of tvo or three osuses.
Foods vary in their susoeptibility to spoilage due to
the above ocauses. Jor example, Frasier (1958)‘ poinss
out that fats are more suscepiidle %8 chemical spoilage
(such as oxidatiom and hydrolysis) $han to miorobial
spoilage, According e Birkeland (1956)" the rotsing of
agld fruits such as orange and lemon, is largely due to
the action of moulds and yeasts. Vegetables such as



oarrot, potato and cabdage, ars non-agid, and sudjeoct

$0 attack by baoteria and moulds. Krueger and Johans-
son (‘!959)‘ atate that autolysis or spoilage dus to

the onsymes naturally present in thea, is & more ocommon
ecgurrendce ia roats and tubders such as potatoes, ocarrods,
beets and turnips, Shan in other agreen vegelables. Pen-
nington and Tressler (?991)3 renark that desicoation is
often a cause of deterioratien of fruits, vegetahles and
bakery goeds, but.does not affest other Sypes of foods.

&) Higrebial 3ooilece.
Halvorson (1991)? explains thas mioroorganisms

cause spoilage by Sheir direot aetion on the foodsy, and

also indirectly By bringing about other changes such as

the synthesis of toxins, $hat ooniribtute to food spoil-

age. He. further points ous that the changes produced by
the zrowth of microorganisns vary vwith the type or types
of erganisms odnoerned; and also vith $he decomposition

of the foods inwlved.

Halvorson (i?ﬂ)" states thas in foods vwhich are
rich in carbohydratea, bacteria will usually bring abous
fermentation, partiocularly of suger. The different or-
ganisms break down the sugar in different ways, bus in

that reactien, aliphatieo acids particularly lactie acid,
are always produced, and eardon dioxide or a mixture of



carbon dioxide, hydrogen and methane is iiderated. 1In-
addition, aloohols, aldehydes and ketones are produced.

Sagsharolytis organisms attack staroch. They pro-
duoe diastase, which is an enzyme that ohangu starch
te sugar at first, and Sthen the sugar o agid.

The starches are atjaaked also by another ¢lass
of bagaria, whioh use stargh for energy. They not only
hydrolyse $he starch, but also sonvert the hydrolysate
to gum. Sinoce sugar is thus removed froms the sphere of
agtion; acid formation is prevented. Buf proteclytio
organisas (the aotion of whieh is inhibited ia the pres-
snce of aoid) degin 0 decompose the protein present in
the food material along with the starch, giving rise %o
foul odours, as well as unsightly appearanee. The prod-
uestion of ropy bread dy Baeillus Mesenterious is an ex-
snple 0f this type of change.
9n_froteins,

The baoterial decomposition of proteins is due to
the aoctien ef protsoclytic enszymes produced dy the bact-
eria. They cause changes $that are more aoomplex and un~
desiradle than thoss that ooour vhen carbdohydrates are
broken dewn. The end produets of protein deoompoaition
are also more varied, sugh as polypeptidses, peptones and
aainoasids. Thers is a further break down 0f amino a¢ids.
Usually, odorifsrous oompounds like hydrogen suphide,
morcaptans, indoles, skaloles,; putireseine and cadaverine
are liderated, elgesar and Reid (1958)8 indioate that



sone species of the genus Closiridium, Basillus Proteus
and Bacillus Psusdomonas produce highly active proteo~
lytic ensymes.
On_Jals.

Although fats are less susoeptible $0 nierodial de.
eomposition than carbohydrates and proteins, acocording
to Halvorson (1951)1' extensive changes oan gocur in
fats also. There are many microorganisas whioh ¢ontain
lipolytie and/or 1ipoxidative ensymes. The lipolytic
ensymes hydrolyse the fats to free fatty aelds and gly-
oerol. The fatty acids liberated are further fermented
in the saume manner as in the case of cardohydrates. Alie
phatie acids, aldehydoss ketones, aloohola, earboa diox-
ide, hydrogen and methane are produced. The lipoxidative
ensymnes, whioh are generally slabdborated by moulds, bdring
about oxidative shanges.
11) ghenges Involving Synthesis.

The aicoroorganicms bdbesides osusing spoilage of foods
By direat aotion as pointed out so far, also bring abous
~ other changes. Some synthesise compounds that alter the
flavour, odour and golour of the foods on which they act,
$0 an undesirabdle degree. For example, Fasudomonasg Pyo-
gyaneus, vhen 1% grows in milk, changes its flawvour, he-
cause it produces pyocyanine. Similarly, Serratis Mar-

casoens may produce & blood red pigment in bread,
Some bacteria, such as Clostridium Bosulinum and



8saphyleococcus, synthesise toxie produocts like botul-

ism toxin and enterotoxin, and make the food unfis for
human consumption, Zven deaths due & such food pois-
oning vill ooour, Af these foods are eaten,

b) Seedlaxe Dus 0 Snvmas.

8potlage of foods may ogour due to the action of
snsynes eoniained in the foods thomselves. HaDowall
(1955)9 defines an enxyme as "A eslloidal erganis oat-
alyst®. An ensyme deing evlloeidal in nature, beocomes
coagulated and inactivated by heaty ia other wvords; it
is thermolabile, All plant produets e¢ontain enzymen
vhich become agtive vhen gonditions are fawourable.
The ehanges caussd by these ensymes are oalled aute-
lytie ones.

Halvorson (1951)7 denmeribes the ohanges caused by
food ensymes in the three major food oconstitusnts,
Nany food produats eontain diastatie enzymes, vhich
can change starch $0 sugar. PFor exsmple, vhen potat-
oes are stored at too high temperatures (adove BO°P)
they become sweet and s0ft, The proteolytie ensymes
naturally eceurring in milk, autolyse the easein in
the milk £if 1% 4is kept unheated. Such milk is conside
ered as spoils. 7PFas splitting enzymes are aleo present
in plant a2nd animal tissues. If the food (ospecially
frying fats) is stored without first inactiwvating these
ensymes by heating, the fats will be broken up inte



fatty acids, and $he proportions of fres fasty scids
present in a fat will inereass progressively en storage.
o) Oxidetive Chenges.

Oxidative changes oascur umually in fafty foods,
naking them rancid. The first step in oxidative
changes 18 $hae splitting of the fat intoe fatty aeld and
glyeerol.

(G4 Hyy 000}y By 5 ¢ 3 HyQ —>

Stearin

Oy fig (OM)y + 3017 Hyg COGH

Glyoerol Btearie acid
The fatty acids undergo furthsr disintegration, giving
rise to peroxides, short chained asids, ll:dam” and
ketonas. Concurrently there oceur ochanges in flawour
and taste, vhich generally make the food undesirable.
Aesourding to Halwvoreon (1951)7 "The rancid fats oount-
eract or deatery certain vitamins in the food. In add-
ition, some ef the by-products of oxidised fat may de
toxie".
d) Desigoatien, ‘.

Dasiccation brings adout a change in the turgor
ef the cells of perishadles such as vegetables and
fruits. Meyer (1960)"‘0 dofines *‘turgor' as the pressure
of the cell-contents on the partially elastie wall of
& eell, tending ts produce rigidity. Undep ordinary
¢éiroumstances, Shis turgor is produged by a delicate
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balance of forcess; which maintain the cell at a normal
volume, and ys$ allow the exchange of suds§ances. Vhen
there is a decresse in the wlume of water ia $he oell
during desiccation, ths cell becomes soft and flabby.
The vegetable beconmss wilted and shrivelled.

£rxinsiples of Storage of Vegetables.

A knowledge of propsr storage oonditions is essen~
$ial for ainiaising the deterieration of vegetables durmg‘
storage. Vatt and Leung (‘l?‘-.’oQ)w alassify losses of
mitrients which oocur during storage of foods after
harvest into $we kinds « (1) the odvious physical loass
that coours when odidble parts like the ocuter leaves of
plants are removed, and (.2.) the chemical loss whieh
follows the ochange in the strueture of plant, decause
of the comlinuation of oell respiration and activity
of enzymes. The Suxture and vitamin eontent of perish-
able foods doteriorate rapidly, espescially if the temp~
erature around thez is not suitadle for maintaining
them An good condition,

Therefore these perishadles need %0 be stored with
care, 10 raduge the chemical loss, vork and Carev (1955)""
dist four cendisions which need to be controlled for
ensuring proper storags « (a) qualisy of producej (b)
temperature; (o) humidisy, and (4) composisien ef the
ataosphere,

a) Quality of Zroduee.
Buccessful storage depends om the quality of the
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vegetables to start with. The wvegetables to ds storsd
should bds free from injuries - maschanioal, and those
due te inseote or dineases. Beach and Tusaing (19317
point out that the atage of maturidy is an fsportant
fagtor in storage. RoO% crops such as beels, oarrois
and Surnips should no§ be alloved t6 mature fully be~
fore harveast, as they tend $o0 get woody upon subsequenid
naturity in atorage. On the ether hand, eadbage, onion
and pumpkin, should be allowed tO mature properly before
they are harveosted. Unleas they are mature %0 start
with, they will not keep well even under the bea$ eof
storage condttiﬁna-

») lemperature,
The temperature at vhieh vegetables are stored has

a great influsnoe on the ohemiocal changes ocourring in
them, the aation of nicrvorganisas $hat may be present,
and the loss of water from the oells. Therefore, vegele
ables have to be stored at optimum storage temperatures.
The eptizum storage temperatures required for the 41ffer~
ent vegelables vary., FPennington and Tressler {19%5% ),
oite that some fruits and vegetables, such as banans,
lemon, cucumber, tomato and potato, deaay faster if they
are !gnld too long at even soderately lov temperaturs.

I8 is very sssential that the sptimum temperature
required by asach food matarial is saintaeined constand
during storages The texperature of the plase where
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vegetables are stored will rise due t0 the metabolie
activities of the foods, as during the metadoliec pro-
08sse8; heat is cvolved by the plants, and ourdon di-
oxide is liberated. Sinnost and Wilson (1995)‘4 ex-
plain the production of heat during respiration s
follovei~ "Through the addition eof oxygen, gluaose

is droken down into carbon dioxide and water, as shown
By the resotioni-

Ce II“Q‘* 692~—> 6 €0y + é Hy O + Heat.

This, when expressed in terss of grams, meanst

190 grems of sugar ¢ 192 grams of oxygen ——
264 grams of oarbon dioxide ¢ 108 graas of
vater ¢+ 674 calories of energy.

The quantity of heat ewvolved during metabolimm
by different plan$ produsts varies oonsideradly.
Presoots and Progtor (1’57)15 point out that Bartleis
pears snd cherries vhich have high respiration rates,
require %@ be stored at lower temperatures than ethers,
such as potatoss, apples and onions, wvhicgh are ocompar~
atively lov heat producers.

Vright, Ross and Whiteman (1994)'6 also point out
the importance of maintaining constant temperatures in
storage rooms. Variations in the storage temperature
affect she quality of the vegetadbles. Potatoes are
likely to begin to sprout if the tomperature is too
'hsgh. and usualiy bsoome: undesirably sweed if too low,



)

In addition, there is alvays the possibilisy thas
fluetuations in temperature vill cause oondensation eof
moisture on stured produetis. 7This is undesirable, be-~
cause moisturs favours $he growth of mould and the dev~
slopment of daeay.

3) J

Righ tVeugoratures increass the rate of respiration
and other cheulieal changes ian food produsts. Acecording
to Van$ Moff's lav (as quoeted By Werk and Carew (19”)“’)
"for svery 10°C (187 F)giss in temperature, the rate of
cheniocal reaction is approxinsately doubdled®. P}ntur
(1959)‘ points out therefore that wara temperatures cause
lossos of vitaning., Among Vhe vitamins, vitaain C is
more easily destroysd by heaty than othsrs. Most per-
ishadles lose their ascorblie acid (vitamin C) even as
roon Semperature. 3veetman and Hackellar (1954)” state
that the more parishable type of vegetables such as fresh
spinach, leftuco, sreen poas, green oorn, broocoli, cauli-
flover aad greeu bananad, lose their antiescorbusie value
rapidly at room tenporature. Spinagh, vhen stored after
harvest for iturae days, loses about half of iss asoorbdie
agidy, and all in seven duys. Therefors, the loas of vita-
ain ¢ in foods uay be saken as an indioation of epoilage.
11) 3

The eentrol of ssorayge temporature is necessary 4o
rostriot the action of microvrganisms. Acoording to Penn-
ington and Tressler (1951), spoilage by nioroorganisms i
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more likely t0 take place at high temperatures than at
lov ones, boc¢ause bhasteria, ysasts and moulds, grov less
rapidly at high temperatures than at lov temperatures.
111) Affeat of Teapsraturs on Loss of Waters

Stoarns (1956)'8 sxplains that the rate of avaporw
ation of a liquid is acgelerated at high temperajures.
when the teaperaiure is high, the molecules of the 1liquid
vhieh are in sonastant mokion, move at a hisher average
speed and esaoape into the space alove the liquid, and
change into the vapour state more readily. Hence, the
proceas of evaporation is speeded up at high temperatures.
Therefore, when the temperature in the storage place is
high, there ie a greater lcss of water from the cells of
the vegetablas,

The rising temparature aleo incroases the capacity
ef air fer holding water vapour. Therefore, if the temp-~
erature in the sturage plaee fluctuates, inocreased evapor-
ation of moisture will take place at high temperatures,
and condensation at lover Stempsratures. In both cases,

& great loss of vater from the vegetables will resul$,
leading 0 their shrivelling.
iv) Affects of Temperature om Flawour,

vhen after harvest, plant produocts are stored, the
constructive synthetié process of oardohydrate formation
in the produot osases, but due 0 the metadolio aotivit-
ies; the oarbohydrutes contained in them undergo changes.
The temperature at which they are storsd affects the
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transformation of oarbohydrates, and oon.uquouuy the
flavour,

Sveetman and Magkellar (1954)“7 state that when
vegeladles eontaining a substantial amouny of mugar,
such as sveet 00rm, peas and asparagus are picked,
photosynthesis, vis.,; the production of new ocarbehyd-
rate is stopped, Prarts of the sugars present in thea
are aleo conmmod in respiration, and par$ changed te
ether substances, partieularly starch in corn and
peas,; and coellwvall materials in asparagus.

Studies by Flatenius (1959)'9 on the effect eof
finarease in storage temporature on the sugar gontend
of peas and oorn shovw, that in general, loss of sugar
is acoelerated at hizher temperature. Whem the loss
reaches 30 per ocanl, sweatness decrsases oonsiderably,
and She flawvour is affeoted.

@) Hum.diwvy.

The humidity 0f the storage place is another imp-
ortant condition to be ¢ontrolled. If the humidity is
t00 lowy, wilting is likely to ooour An wmost fruits and
green leafy vegetables; if it is too high, 1§ fawours
she developnent of deooays Leafy green vegetables whieh
contain large smounts of moisture, need to be stored in
places where the relative humiiity is high. Otherwise,
Shey rapidly lose their moisture and weighly deteriorate
in texture, and beoome shrivelled.
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4) Qemposition of the Atmosphere.

vhen there is & sufficient amount of oxygen in
the storage place,; asrobig respiration ooccurs in the
plant products. The hexose sugars gluocose and fruot-
008, are oxidised completely to cardon dioxide and
vatere ‘vhea the oxygen present in the storage atmos~
phere is net adequate, anasrobie respiratien ooourse
Friteh snd Sadistury (1953)%% explain that during suen
anagrobie respirationy ethyl aloohol agcumulates in
the tissues, and omuses off flawvours, The reaction
any be expressocd thusse
Gg Hyg Og —> 2 Gy Hy Ol + 2 C 0y + 26 Calories.

Acoordiag to ‘rescott and Proctor (1951)“. an
axoess 0f ocarbon dioxide evolved during respiration
' produces 'brown bnru" in apples. If there is
proper sirgulation of alr in the storage pluce, the
acoumulation of curbton dioxide 1l prevented.

ey lenpoy - ture itorege 9f Foedae
As low tLemperature 18 one of the condivions

favourabdle for the storage of perishables, the use
of lov temperuturos for the storage of food, its

RN

* Chandler (‘957)” explains that brown heart is a
Bame given t0 an internal broaking down of fruil,

caused bty injurious ageumulation of carbon dioxide
in the store room,

t
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sffeot on the causative faotors of food spoilage, and
the differont types of lov temperature storage are re-

vieved here.

Prescost and Prector (1937)'% poias out that the
storage and preservation of foods by the use of lovw
temperatures have besn reocognised and appreciagted by
man for nmany centuries, In the very early days, men
utilised natural resources such as vells, springs,
stireans and oaves %0 kesp food articles ocoocl. Swank
(1945)2z vhile desoribing how the people in the past
kept foods freah, a@ool and sveetl in the spring houses,
says, "“Ihe saall stone-houso nestled lov against a hill
and there vas & 1little strean of oool, elear water,
seeping from the side of the hill, down %0 the apring-
house belows Inside this houses $he water ran along a
shallow trough of wood or stone. And right there in
the middle of the stream stood flat sSonevare crooks
and jugs; ocopper pans and tin pails, filled with milk
and ¢rean, lard and pats of yellow dutter®.

Lansing (1949)22 also has shown that "On the island
of Crete; in the Mediterranean Sea, there are ruins of
an ancient palace dating from 1300 t0 2000 B.C.y with
000l underground galleries,; where are found, great
sarthenvare jars. Food was 8t0red in them and sealed
from the alr",
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In the same manner, as the inhabitanis of the
Vestern ocoumtries, the people 6f the ESast also utile
ised nature's refrigerants sueh as 10e and snov as
oooling agents. Walley (1960)“ refers §0 the fact
that even before 1000 B.G+ She Chinese used ice
eellars. Davis and Sharpe (1947)2° atte that "Alex-
ander the Great had his serfs carry snov from the
mountains and plaos it in deep trenches filled with
hundreds of kegs o¢f wine $0 keep them 000l%, Swank
(194))” Jeinta sut that wvhen Marco Polo returned
from his famous $ravels in the 2ast in 1299, he
brought bagk reports of the use of Loe tox: chilling.
Pee$ and Thye (1955)26 remark that "Nero, the ioman
dmperoy forced innumerable slaves to dring Loe and
snov from the higher mountains ia Italy. This anow,
PMlaced in pite, insulated with sod and straw, vas
used in ocooling wines, fruits and fish for his elabdor-
ate dangquets.”

Crovéher (1955)” cefers $0 the use of ioe by
the Britains in the eighteenth century, to store food,
as can be seen from the folloving exocerpts= "Attached
10 many eld aansions in ZIngland is an 1o0e store,  This
oonsists of a thickevalled underground or seni-— under~
ground building generally looated in a wood, and thiekly
thatched %0 keep out the wvarmth of the sun. Blogks of
ioe were cut during the wviater frost, and stored in the
underground building to be used during sunmer®,
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Growthor(1955)37 further states that in the south eof
France, muoh ice from She glacier quarries ¢f the Alps
vas used for preserving food.

Thus from the literature available, it is evident
that snov and ige have been in use as cooling agents
for storing foods at low {emperatures in many parts of

the world from anaient days.

Trazier (1953)2F goints out thas when food artielea
are stored at lov temperatures, the rate as whioh they
deteriorate is roduced, becauss 1ow temperaturss retard
apodlages due %0 the agtion of mioroorganisms, enzymes,
cheajoal chaniges and desigoation.

(1) ;

EAY 0 Migroorgenisms
Prescott and Proetor (19!1)‘5 3xplain that oold

affests microorganisas in twvo vays = it retards their
grovih, and restriets food supply.
a G

Krueger and Johansaon (1959)‘ have enumerated the
factors whieh have an effest upon the growth and dewvslope
mont of alorcorzanisms as f00d supply, oxygen tension,
moisture, temperature, hydrogen-ion oconcentrasion, oxide
ation-redustion potenitisl, surface tension, osnotie
pressure and light. Of these, temperature ﬁlnvl an
iaportant roles .1f the tomperature is not favourable,

the aioroorganians stop growing or mul$iplying, and if



the uanfavourabls condition continues, Shey die.

Based upon the temperature reQquiresents; $he miocro-
organisus are ¢lassified into three different groups »
thermophiles, mosophiles and paychrophiles. The !{hermo~
philie' organisms grow best at temperatures above 40°C,
Many of these will grov very well al temperatures around
6%9°C. The opbimum temporature range for the growth of
'mesophilie’ organisns is from 20°C to 40°C and these
generally do not grov at temperatures adove 40°C or below
1038, The 'psycnhrophilie’ organiems grov best at low
temperatures, vis., below 15%¢, According to Hel vorson
(1951)3 all the three types are conoerned in food spoil-
age. Presoott and Froetor (195?)15 are of the viev, that
organisas vhieh ocan sarry on their sotivities within the
temperature limits of approximately 10°C $0 38°C play the
nost important par$ in the commonly known types of food
spoilage. Hence storage af foods at teaperatures lowver
than 10°C restricts the growth of microorgmisms in theam.
Lastrietien of Food SuppiX.

Microorganisms require a moist enviromment for their
normal metabolic aotivities. Their food muaterials nust
be in a liquid form im order to permeate their cell valls
or meadranes. If storage temperatures are sufficiently
low, part of the water in the food articles will orystale
lize,; leaving the constituents of the food congeut rated
in the remaining wator left in the liquid state. The

organisms may make use of them for some time. However,
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eventually the low ooncentration of wvater and $he oon-
sequent high concentration of other materials in solution
or oolloidal suspension, will restriet the normal proo=-
esses Of mioroorganisms and retard Sheir growth.
11) Effset of LQv Iemparature on ‘navaes.

3nvirenaent influences ensymes ia about the same vay
as it does bacteria. Therefore, 0old inhibits the actioan
of ensymaes al®o. zach ansyme has an ‘eptimum temperature’!
and & *thernal inactivation point'’. Referring to their
astivities, Nitohell (1950)% wrives, "An engme - cate-
lysed reaction tenda t0 bde inoreased in rate dy the rise
in temperatures as in any chemisal reastion. A% abnors-
ally lov temperatures, the e¢ffeo$ of the enzyme is gener-
ally retardeds 1§ practically disappears at 0°C and be-
oomes ail vhen the ensyme is in a frosen condition. Thore-
fore, the autolytic shanges due $0 the action of enzynes
are retarded by lov taomperatures. fennington and Tressier
(1951)% mention that most ensymes are still active at 0°C
bu$ Sthe rate at whigch they ast at 0°C ia far delov the
rate at 20°Q,
114)

Halwvorson (!951)sz indioates that oxidation and hydro-
lysis being chemical reastions, ocour relatively sloviy at
000l atorags Semparatures.

Av) iffegt of Low iemperature on Desiggation,

Yater evaporates less slovly at low teaperatures $han

at high temperatures. Consequently, the rate of food spoile
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age due 0 dosicoation is markedly reduced when foods
are stored at lov temperatures.
o) Irpes of iow Temperature 3%Orage.

Acoording o Frasier (1958)‘ thers are three differ-
ent dypes of lovw temperature atorage » (i) Common or
cellar storage; (41) Chilling, and (411) Cold storage
or freesing.

(1) Common or Ceilar Storage.

Fron olden days $he nethod of cellar storage is
being uassd by farnsrs. They store their produoce after
harvest in oool gutdoor storage oellars or underground
cellars. In this type of ‘common' or ‘cellar! sterage,
the temporature is seldon lower than ¥5°¢ (60°F). The
deterioration due t® snsyms agtion and microorganisms
is not prevented, but is reduced than that at asnos-
pherie temperatures. Rood grops, potatoes, oabdage,
celery and apples can be stored in this way for limised
periods.

(44) ghilling,

Chilling is storage at temperature above freesing,
bl delow the 'ooumon' atorage. weetman and Mackellar
(1994)” mention that shilling may be produced by three
methods « the 0. called 1oe-less refrigzeration (oeooling
effected by the avaporation of water); Aice-refrigeration,
(making use of the latent heat of fusion of foe) and
mechaniocal refrigeration (employing the latent heat of
vaporisation of liquids).
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Frasier (1958)‘ writes thas iu Loe-refrigeration,
the temperature varies from 4.4°C to 12.8°C (40°F %o
55°F) depending upon the smount of Loe, Ats rate of
nelting, She amount of food, and the 1o0e dox used.
Usually the temperature in Sthe household (mechaniocal)
refrigerator varies from 0°C to 10°0 (32°F teo 50°7).
Most perishable ' foods induding eszs, dairy produes,
zeats, aca foods, vegetadles and fruits may be held
in ohilling storage for a lirnited time wvith little
changes from the original oonditions. 1In this type of
storage, although the saaynatie and mierobdial ohanges
in the food are not altogether prevented, they are
reduced gonsiderably.

114) Ireesing.

In freesing, food articles are stored as temper-
atures ranging below 10°F and the miorebial grovth is
arrested entirely, Usually the foods are soalded or
blanched before freezing $0 inactivate the aetion of
enzsymes. Yhen such procoassed foods are frosen, tissue
autolysis is stopped completely.

There are two nain types of freesing = 'quiek
freesing' and *slov freesing'. Carpenter (1961)29
States that in quick freesing, the food article is
frozen for 30 minutes or less at temperatures ranging
fron O°F e «30°F («13°Q t0 ~34°C). Slov freesing
requires three to seveniy-two hours and the temperature
varies dovnward from 3°F (-19°C). Slow freesing prod-
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uaes large arystals of 10e; which rupture cell valls
and cause extensive 'drip' or loss of fluid upon thaw-
ingy, whereas quick freezing produoss smaller ice oryst-
als and less damage to the food tissues.

Freesing is being increasingly employed in 4he
west to store meaty fish and fish preducts.

£xinoiples of Refrigeration,

As the present atudy is related %0 refrigeration,
the basie: pringiples of refrigeration are reviowved
riefly in jhose Jages.

ovens {1991)% defines ‘refrizeration’ as the
“Sgience of produeing temperatures below that of %he
surrounding atmosphere™, Refrigeration makeas use of
two basie principles to produce lev temperatures. A‘
Haustrath and Harms (*951)“ state, the first one is
the flovw of heat energy from a higher level o a lowver
level., The second is the absorption of heat vhen matter
changes state.

Thov of Heut Sneriy Trom & Higher Level $9 8 lover Level.
valley (1960)24 xplains that if two wodles at diff-
srent teaperatures are placed within an enclosed spaoce,
heat is tramsferred by radiation from one to another,
until the swo temperatures are equal, In the ioe ref-
rigerator, ths heat removed from any substance plaged
inside 1%, is absorded by She 10e to changs into vater,
In the mecghaniocal refrigerator, heat is absorbed by the

evaporator, vhich is kept at a lover temperature as des~
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Natter exists in three physical statas « the e0lid,
2iquid sad gasmous states. Energy 18 requirsd to bring
aboul a ochange ia the state of mtto;. The body that is
changing state, derives the energy required, in the form
of heatl by absorbing 4% from the mpacs or other bodies
agarby. The heat absorbed by a solid vhile melting to
the 1iquid state, is known as the latent heat ef fusion;
wxi the heat adsorbued by & liquid while ehanging to the
gaseous state, is called the latent heat of vmporisation.
As during these pracasses of melting or vaporisation, the
body Sthat is changing state absorbs heat from the imaed-
fate space or hodies; the space or neighbouring bodies
are oooled.

The amount of heat absorbed when vaporization takes
place 1is la.rgor than that absorbad when melting ooourse
One grun of water abmsorbs 540 caloriss 0f heat while chang-
ing from the liquid to the gaseous state at 100°C (212°9),
whereas one gram of ies ag 0°C avsorbs only 30 oalories of
heat while gnhanging te water. Thus vaporization of vater
is more thun siz times as effiolent as meliing of foe in
produweing cooling.

Henoe, in modayrn refrigeration, the prinaoipls of
vagorization is madc use of, %0 produce lev Sanperasure
in an area. The mibstance that is employed $0 absord
heat from the arca is known as the refrigerant. It is
alvays & gas to start wvith, and liquified under high
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pressure. The liquid is then alloved to0 vaporize. Some
oommonly used refrigerans$s are ammonia, sulphur dioxide,
methylene chloride, dichlor¢fluore methane, dichlerotatra
fluoroethane and methyl formate.

AYR98 of Refrizerators.

The various types of rafrigerators in use may be
grouped as follovsie» (&) Meehanical refrigeratorsj
(b) loe refrigeratora and (o) Iceless refrigsrators.

8) Meghanigel Xefriserators.

Modern refrigerators have machinery to speed up
the heat-absorbing process and therefore ars designated
‘moonanical refyigerutora’, Thsre are lln:u different
kinds of mecnaniocal refrigerating systemss~ (1) Compress-
fon; (11) Abmorption and (4ii) Adr system,

A) Jomprossion Systed,

Haustrath and Haruns (1951)” desoribe that in the
compression system, the cooling mechanism ¢onsists
shiefly of thres distinot partss e compressor, & ocond-
ensor and an svaporator, as shown in Figure V., The
0Onpressor comprossss the refrigerating zas and delivers
it to the ocoils of the oondensor. The gus whioh bscomes
heated due $0 comyression is gonled by msans of a radiator,.
When the blades of the fan of ths radiator retats, the
heat from the hot refrigerant is given off to the air,

As the refrigersnt oooles 1% changes $0 & liquid. Thie

liquid is eonducted 80 the evaporator through an expansion
or reducing valve. 3Sinoe the pressure is reduced, the gas
expands and evaporates. In doing so, A8 absorbds heat from
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the surroundings, Thus, the evaporator is the actual
ocooling element of the refrigerator, and is placed inside
the food oompartnent, After the gas has expanded in the
evaporator, it 1§ ocondusted back to the ocompressor and
once again compressed, und $the process is repeated cont-
inuously, Thus the system oonsists of repeated oycles
of ocompreassion, ocondensation, expansion and evaporation.
11) Absorption system.

Absorption refrigerating machines are heat-opsrated,
Instead of a compreassor, heat is used to compress the
refrigerating gas, wvhih is usually ammonia, After oond-
ensation and evaporation, the gas is led 19» an absorber
vhigh ocontains a veak solusion of the refrigerants This
veak solution adsorbds $he gas and becomes ocongentrated.
The strong solujion is then heated and thus the process
ocontinues.

414) Air Svates.

In the alr systea, air is compressed $0 a high
pressure By the oompreasor, It is then ocoled by passing
through ocoils e¢ver which ocold water is run. The cooled,
compressed alr drives an air engine, and as 4% drives the
engine, it expands and becomes very eold, The oold eor
refrigerated air is piped off for use in the refriger-
ating room.

») lse lef{rizerators.

In the ie® refrigerator, cooling is produced when

1o melta, As Feet and Thye (3955)25 point out, wvhen
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food at room temperature is plased within the ioe ref-
rigerator, the warnth it coniains, passes into the
surrounding air vhich circulates tovards the ice and
then ascross the surface, melting the Loes cake. As
the ioce melis, hoat is absorded and the air is ocooled.
According to Peet and Thye (1955)25; foe refrig-
erators of five 0 six oubie feet content, have a shelf
ares of about 10 squarc feet and an 1o0e ocapacity of 75
to 100 pounday with a re-iging capagity of approxzimately
30 pounds. Re~icing is necessary every four er five
days en an average.
o) loeless jefrizerstors. . .
The United 3tates Department of Agriculture (1958)”
has evolwd & simple type of iceless refrigerator as
shown in Pigure 2. 1% consists of a wooden cupboard,
the sides of which are oclosed vith soreen wire. 1% is
fitted wish a cover of ocoarse cloth. The oupboard stands
in a pan of watery into vhich the dottom of the closh
sover extends. Another pan filled with water is placed
on the top of the cupdoard. FPFour wicks seved to the
upper part of the cover dip inte the pan on top.
The eperation of thias iceless refrigerator is simple.
It s aade to stand in a c00l place, where there is good
eiroulasion of alr in order %o fadlitate She evaporation
of vaters This 48 because the ciroulating air carries
avay the water vapour that has formed during evaporation.
Earts: (1956)37 explaine that *if the evaporated molscules
are alloved t0 remain near the surface, some of them in
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Sheir random motions, astrike the surface and are retur-
ned $0 the liquid state. Such backward $ransitions de-
orease the net rate of evaporation®™. The eirculation
of aiy avoids this return and consequenfly allows more
rapid evaporation.

Whitman (19!!)34 points out that as the gooling
effeat is due entirely $5 svaporation, dry air and wind
Anoreass the effigiency. It ia of littls value in moist
and stagnant aiy,.

Ibe Janata Refrigegator.

The Janata refrigerator, aleo known as the poor-
nants refrigerator, is another type of 1oeless refrig-
erator. The origin of the name is no% known. Perhaps
the name has come into vogue, becauss the equipment is
simple and inexpensive and henas can de afforded by the
erdinary people.

The Janata refrigerator also works omn the principle
of the cooling effeos produced by the evaporation of
vater. It consists of an ocuter earthenwars trough for
holding the water. The food articles vhich are $0 be
kept oc08l, are plaged inside an inner vessel. As the
vater ia the osuter S$rough evaporates, the temperature
inside the inner vessel is lovered and the contents are
thus kept at & tenperature lowver than $hat of the surr-
ounding air. The equipment should be placed in a oool
place, vhore there is good air eiroculation o faacilitate
rapid evaporation of water.
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Sone Ivpes of Janais Re{risersiors.
a) Usilsmoetty Janata Refrigerator.

The Pettery ITraining oua Production Centre at
Usilampatiy (1961)5’ produce out of red olay, three
different sizes of Janata refrigerators, priced
Rupees one, twvo and five respestively.

The Usilampatty Janata refrigerator conaists of
an outer vesssl with a detashable perforated 1lid.

There is another sualler vessel whigh is placed inside
the outer vessol, shown in Figure 3. vater is poured
inside the cuter vessel through the water inlet on one
sides Vegetables are placed in the inner vessel. As
the wvater in the outer vessel evaporates slowly, the
vegetables ars kept ovol.

The Block Development Officer at Usilampatty rep-
orted that this device is popular among flowver vendors
for keeping their flowers fresh, and the middle olass
fanilies use this refrigerator for storing vegetadles.
It is not yet popular 4in the villages round about Usil-
ampatty, decause the villagers le“ﬂﬁvo adequate resour-
ges $9 purchase large quantities of vegetables necess~
ftating storage.

») L.Kalivoatti Iype.

Another type of Janata refrigerator is nade at the
Gandhi Niketan Ashram, T.Kallupatti, Madurai Distriot.
IS is more or less sinmilar to the Usilampatty type.
There ia a slight difference im Sho shape of the 144
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and the outer vessel, as illustrated in Figure 4.
e) gShahpur Type.

Figure 5 shows the Shahpur type of Janata refrig-
erator described dy !mrt”. It oconsists of an sarth-
on fub 1'=5" {n diameter and 8" high. A maall clay
stand 6" in diameter and 2* high with a fev holea on
its surfacs i2 plaged in the centre of the Sud. This
atand serves as the base for the vire oage, vhich holds
articles for storags. There is andother earthenvare
oylindaer 1'«2" in height and 1'«2" {n diameter, wvhioch
is plaged in the tud. The oylinder has a detachable
doms-shaped 144 with a sentral knod for 1ifting it.
Around the knodb there are eight or ten holes 3" in dia~
moter. The foods to be mtored mre kept in a specially
prepared wire ocage 1' in diemeter with two shelves,
upper and lowar, supported on a oentral rod. The wire
ocage is knit loosely in order to avoid ereating air
partitions within the oylinder as othervise dampness
may result. The Anner eylinder is provided with a khadi
petticvat having eight to ten vertically stitched lamp
wioks and 3" in width, Those are so stitched that their
ends A% the bottom remain loose and free. The dome~
shaped 114 has a fine aleth cover,

The entire davice is mounted on a tripod stand and
kept in a coel), brecsy apot of the house., 7The earthen
tub is filled with water o a depsh of about #" (adous
$#® lover than the t0p of the cemtral base). Perioedieal
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aprinkliag of water on the cloth cover is negesasary.

Nagor1>® gives & shors report of the experiments

carried out at Sarvodays Ashram, Shahpur, with their Jane
ata refrigerator. 7The oxperinents were gonduoted during
the month of Pedruary and the first wveek of March. Veg-
stadbles like tomato and brinjals remained fresh for al-
most & iuk. Green coriander kept fresh for more than
A veeksy An exoerimaent with milk showed that it could
remain in good condition for 36 hours. In a subssquent
expariment on a very warm day im the last week of March,
ailk remained in guod geomdition for nearly 27 hours,
‘Recra’ drink, which would ordinarily ferment within
thres hours, remained fresh and unfermented even after
sunsef, when kept in the refrigerator from early moraing.
The porosity of the gylinder enhances its evapor-
ating oupacity. Ths porosity dependas uwpon the composite
ion of the material with which the oylinder is nmade.
Henoe with & view t0 indrease the porosity of the eylinder,
the 3aurash$ra Khadi Grumodyos Hoard added fidrous materw
ials to the glay. These fibrous materials gos burnt wvhile
ths oylinder was baked, thus making the latSer more porous.
¢) Jeurashtre Igpe.
This is alightly different from the types mantioned
above. It is desorived in detail on page /1«

o) Home Zgienoe Wing Type,
Villagers are reluctant and are not$ in a position to



buy a nev equipment even when the eost nay de within
Rupses Five. Therefore,; they nsed to be given guidance
%0 make use of what they have in their houses and iap~
rovise a devioce for oold storage of foode. Therofore,
the Homs Seienee VWings sraining *'Oraa Sevikas', are
advogating an adaptation of the Janata refrigeraser.

Agoording to Puri (196«1)“ the type advogated by
the Home Sgience Wings is sinple and sasy to gonastruot.
The artiocles needed aro available in the village, namely,
(1) a newly baked porous c¢lay basin (size depending upon
the needs of the family); (<) two shallow loosely knid
bamboo baskets in the form of plates that ocan Just fit
into the basin} ( 3.) a plece of old gunny} (4) a tow
bricks, and (%) rough sand (river), some mud and water.

Firet, & suitadle plage, as far avay as possible
from the chula {fire place) is selested to oconstruct
the Janaita refrigeratoyrs The elay basin is placed in
the centre of Shat spod and one foot square of space is
marked around 18« A mmall briek wall about 1°' high is
buils along the narkings This wall ia smeared with a
mud mixture, pregared by nixing clay steeped in water
overnight, a litils hay, and oow dung. |

When the wall huas dpied Shoroughly, the apace ea-
elosed by 18 is filled with coarse sand ¢0 abous &
fourth of the height of the vall. ihem the elay basin
is plaged im the canire of the square and the remaining
space is filled wvith more sand, a0 that the square is
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almost half fulle Vateris sprinkled all ever the basin
and the saml, 80 tha$ thay are moderately wel. The water
evaporates in oourse of time, making the inside of the
basin cool. The moisture should be maintained constant,

One af the baskets is plaoced in the bLasin and the
vegetables are pliced in 4% They ars then coversd with
the other basket, over which is plaocesd & vel gunny cleth,
as depioted in Figure 6.

Thus, many tyges of Janata refrigerators have beea
developsd, The Janata refrigerator seems to be an in-
expensive and sinple storage device for storing veget-
ables in the homs. Tharefore, =n atteupt was uade $o
study the suitability eof tfm Janata refrigerator for use
in the Indian homes, with regard to efficlenoy, conven-
ience and economy.
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113, sSKPERIMENTAL PROCIDURE.

The value of any household equipment should be
Judged by three aspects from the management point of
views The equipmaent should give the maxizum value
with the ainiaua expenditure of resources such as
tine, onergy and monay. Accordingly, s good storage
devige should fulfil the fellowing eriteriase

{a) Bfficiency « The equipment should keep the
stored articles in good conditioen;

{») Conveniense = The equipment should be cofi~
veniend anid easy $eo handle

and (o) Eeonomy with reference to the init¥ial oost

and the ooat of operation. In addisioen,
there should bs oconsiderable saving in the
expenditure on merketing trips by the use
of the devioe.

These griteria vere used 1§ this study to Judge
She suitability of the Janata refrigerator for home
siorage of vegetables. As 18 vas negeasary to judge
the poitery device againat other storage devices used
in our households, an attenpt vas first made to find
out the comnon storage devicea used by & sslegted group
of families in Joimbatore eldy.

The population studied wvas the households of the
281 non~residential students of ' .u 9ri Avinashilingam

Home Selence Colluoge, since the students were easily
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asoessible, The sample was ehosen by selesting 100
households at random from the pepulation. A form for
oollecting informasion on household practices regard-
ing storage of vegetables, shown in Table I  wvas ad-
ninistered to the 100 houssholds.

TABLS 1.

FORM FOR GOLLAGTING INFORMATION ON HOUSEHOLD PRAGTICHS
RIGARDIRG BTORAQR OF VIOSTABLES,

(Issued to the non=resident students of Sri Avinashi-

lingam Home 3eience Collegs).

Name. Address.

Class. Monthly income of
father or guardian.

Storage Method, Vegdtables Storods

Cane baske$ (flat),

Cane baske$ (tall),

Vire bdaskes.

Vessel,

Vessel covered with wed aloth.
Cane baske$ covered with wet cleth.
Sarthenvare.

Wrapped in wet oloth,

Keeping immersed in wvater,

Open shelf,

Cupboard wvith viremesh doors.
Janata rofrigerator,

Neshanioal (eleatric) refrigerator.
Keeping duried in sand.

Froa the 80 forms filled and resturned it was found
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that as many as fifteen aaviui vare used ia these
households for the storage of vegetadles. Table II
shovs the details.

‘TABLE II.

HOUSZHOLD DEVIGAS POR STORAGE OF VEOETABLSS,
(Total No. of Householdsws0)

S«Noo Storage desvice used. Ne. 0f Poroens.
house~
holds.
1 Flat cane basket. 59 3.8
2 Tall cane baskst, 43 61,3
3 Vire busked. 48 60 -0
4 Cupboard with wiremeshed doors. 40 9.0
§ Open shalves. B 43.8
6 Utensils, 3% 43.8
T Utensilas covered with wet cloth, n 38.8
8 Cane basked syverod wish wat aloth. 22 27.%
9 Earthenware. 16 200
10 Mechanical refrizerator. 5 6.9
11 vooden box. 2 2.5
12 Janata refrigerator. 1 1.25
13 Cupdoard with erdinary deors. | 1.2
14 Tloor ia & vensilated area. 1 1.2
1% Floor with frequent aprinkling of 1 1.2%

vater.

From Table II, 416 can be aesen that storing in ocane
baskets is the most videlf prevalont method, T3.8 per
cent of houssholds employing i8. The devices which wvere
next in the order of popularity vere vire baskets, eup-
board wvith viremsshed doors, Open shelves and utensils.
Very few houssholds; ¥vis.,; only five used the msehanioal



refrigerator.

Qut of these, the investigator diose a cupboard
vith wire-meshsd doors and the meshanical refrigerator
as the storage devices against vhieh the performance
of the Janata refrigerator of the Saurashira type would
be compared. The former was e¢hosen because the oost
18 reasonable and it is hygienice, the latter becmuise
A% is the most effeetive of the modern equipment for
storing perishables. The Saursshira type was ghosen
bscause 1% oould de sasily made by the logal potter.
Resoription of Rquioments
danata Jlefrigerator.

As shown in Figure 7; the Saurashtira .typo of Janata
refrigerator constiats of an outer tudb {A) 1'=53* in dia-
moter and 33" high, for holding vaters There is an inner
vessel (B) in the shape of an inverted flower po$, épen
at both ends., This measures 1'«J" {n diameter ad the
base and 84" at the top. There 18 a short mud gylinder
(C) 2" high and 3* in dismeter, vhich is pleced in the
centire 0f the tud. This serves as the bdase for the mad
plate (D) 94" in dismoter, on vhich ths vegetables are
placed, The plate is slightly shallow in the certre with
five holes in Ats surface to faoilitate seration. 7The
inner vessel is closed with a 1id {(E) 83* in dianeter
whioh has a handle. There are four holes t'i“diautor

on Lt surface,
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The equipment was assembled as shown in Figure 8
and set up on a platforn near a window, 0 that there was
#ood oiroulation of alr, VWater was poured in the outer
tub to & height of 13". As the water evaporated through
ths porous material, eooling was produeed, A fine cloth
vas vrapped round the inner vesssl with its lover end
dipping in the water in the tub, By capillary action,
the cloth remained wet all through. The slov evaporat-
ion of water from the wet e¢loth also helped in producing
cooling inside the vessel.

A Contigrade thermometer graduated from =10°C to
110°C wvas suspanded inside the inner vessel through ene
of the holes in the lid. .

Hice-meshed CuoRQArd,

This ia a amall gupboard 2'-3" tall, 1'«43" wide
and ocovered with wire-mesh on the two sides. 1% is
fitted with a wire-msshed door. Ihere are ivo shelves,
vhioh are ' deep, as shown in Pigure 9.

The shelves wero lined with paper and vegetables
Placed inside. A Centigrade thermometer, graduated froa
«10%C to 110°C wae al®o placed inside it.

Haghanboal JefrAizorator,

It 88 a 'VWestinghouse' household refrigerator, model
DLY B, Style C42012 (Figure 10) dinmensions 32" x 38" x "
and ompacity 9 cublo feet. Ths refrigerant used is Di-
chlorefluoroxethane (f:clzta). The eontrol vas adjusted s0
a8 to maintain a ooustant temporature of two degrees Canti-
grads., |
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One of the objectives of the study was to oompare
the three storage devices with regard to their effio-
iency. The term ‘afficiency’ is used in this study to
mean ‘the ability of doing vhat may be required of &
thing®*. It is expeotsd of a alorage d=vioe thagt {8 shud
naintain the articles stored in it in a fresh state.
Hence a storage device iz considered officient if it
keeops the vegestables frash.

Ia order to judge the efficiency of the storage
devices, two methods vere used;

(1) Iaspection of the appearsnce of t;. vegei-
abless storsd in the three devioes by a
specially ewlved method

and (11) Zstimation of vitanin C in ocabbage after
storage in the tixrece dsvioces,

Vork and Carev (1355)'% state that the quality of
vegetables depends upon many charagteristics - extermal,
internal, physiocal and chemicsl., It is possible teo
observe soms of the sxternal and physical characteristics
by inspection and judgs the state of freshness of veget-
abless. Agoordins to “snizmer (1959)', eomditions that
keep fruits and vegetables fresh and attrastive, wsually
help them to retain their nutritive value aleo. There~
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fore the state of froshness of the stored wegetables
can be taken as an indication of the efficiency of the
storage device used. Henoe a method vas especially
owlved for the inspection of Lhe appesarance of the
vegetadbles stored in the. devices.

in order t5 simulate homs eonditions, the amount
of vegetables required everyday for a faaily ef four

Benbers, consisting ef father, wother and two children,
s girl aged thirteon years and & boy ef five years vas
deterained, using the rocoammendations for the bdalanced
diet by ths Hutrition Advisory Commitice 9f the Indian
Council of Hedieal Resesrcn (1344)°° and by Sweminathan
and ﬂmnwan(lgeo)” as shown in Appendix I. The amount
of the different tyses of vegetables required by the
family for a wveek was caloulated, as shown im detall in
Appendix I1.

Dirghage of Vegetables.

In order %0 minin:se the differences dus to variety,
handling and previous storage, the vegetables wvere obt-
alned fresh onoe in four days from the same garden in
the local jail, by the kind courtesy of the Superint~
sndent.

Duration of Storaxe.

The duration of storage of vezgetables vas fixed for
three days beoauses, im an interviev oconducted in ten
households in Goiadatore oitys the data of vhich are
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given in Appeniix III, it vas obssrved that vegetables
wvere stored for less than three days ia thess homes.
Hethogd of Storare.

All the vepetables, shown ia Appendix II exocept
Cadbbage and raw Jlantain vere used ia this experiment,

" since in the seliminary experiusnis, Cabbage and raw
Plantain d4id not show noticeadbls difference in the ex-
ternal appearance after storage for three days.

The other vegetables were divided into three app-
roximately equal lots and plaged in the Lhree storage
dovices namely, the Januta refrigerator, wire-seshed ocup-
board and sechanioal refrigerstor. The room tenperagture
ta the first two devioss were recorded every three hours.
The oontrol ia the mechanical resfrigerator wvas adjusted
to maintain & constant temperature of 2°C sines Crovther
(1955)” reconsends & temperature rangs of ~0.9°C to
2.6°3 for storage of wegatables.
sadging the Vagstablaes.

The freshmess 6f a pearance of the vegetables vere
judged in relation §0 certain eriteria such as eolour,
absence of vwrinklaes, turgidily, and state of aaturity,
using & three-point scale score card as shown in Tadle
I,
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TABLE IXX.
SCORZ CARD FOR JUDGIMG THE FIISHNISS OF V20CTABLES.

Quality. Criteria. Soore.
Colour. Estural green. 3
Tarning yellowish zreea. 2
Turning more yellowvish green. ]
Freshness. Very fresh. 3
No§ 8o fremh. 2
vilted. ]
Tendernsss. Very tander. b ]
Not a9 tendor. 2
Hard. ~~— %
'angidi.ty. Yery firm. 3
Yot s0 fim. 2
Sefs. |

On this dasis, individual score ocards vere devel-
oped for cauliflower, iomato, besns, green ‘Chillies,carot
biStar-gourd, Clustar baans, beetroot, bBrinjal, and
Ladieds finger as showa in Appendiosa I1X S0 XIIL

A panel of five judges, consisting of & lecturer
in Poods and lutrition, & post-graduate student im
Foods and Yutrition, twvo hostel assiatanta in charge
of the preparstion of foods in the hostel and & lady
attender, wvho hails from a vagetable farm, was selected
for the quality inspection of the vegetables using the
Score Cards. Thes judges adjudyed the freshness of veg-
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etables ftamediately after purohases and after storage

for seventy {vwo hours in the Jaanata rafrigerator, vire-

meshed cuphoard asd mechanical refrigerator respectively.
(11) Basis

The eofficicucy of the storage dévioo can be judged
in relation $0 its capacity for ocoassrving the vitamin C
or praventing thae loss of vitamin ¢ from the wegatable
stored decauss vast and Leung (%959}"‘ have pointed out
that in researoc: studies om ghanges im nutrieant o0ompos-
$sion of food, thoe ascorbio aclid eoniant is taken as an
iniicator of the dhangus as it is the nmost sasily dest-
royed smong the nutrisntas. » |~
Sholes of the Vegaiahhe for Itud¥s

From among the vegetables included im the weekly
menu, cabbajge was sclected for vitazin C assessaend
because cabbaze is & riuch source of vitam.n €. Further,
¥at$ and Leung (W‘i?}w state thut it is & more stadle
source O0f ascorbic acld than most othar leafy vegetadles.

1% is quite inexpen=ive, costinog usumlly absut 12 to 19
Kays raise yer pound in the Coimdatore murket. Moreover,
At is available throuzhout the year ia Ooiubatore.

A fresh large sizel cabbage was bought from the
narket overy day. It was eut iate four more or less
equal wedge-shapaed portions, from $1p to dase, as sugg-
ested by isdans (1943)409 in order te include reyresent-
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ative portions of the euter and inner leaves. One
wedge vas taken for vitamin C estimsation. Eaoh of
the other three Qquarters vas wveighed and placed in
the three storage devioces, the Janata refrigerator,
the vire-meshed cupboard and the mechanical refrig-
erator, respegtively, After 72 hours of astorage,
they vere again weighed and ths loss in vweight noted.
The amount of vitanin C uvresent in sach quarter was
deterained.
£rogedure for Ascorbie Aqid Istisetion.

For the ascorbio asid estimation 2:6 Dichloroph-
enol indophencl Visual Titration methed. as desorided
by the Assooliation of ¥itamin Chemists (1947)“ vas
folloved. It oconsists of extragting the aseorbie asid
from the food and measuring it by titration with 216
dichlorophenol indophenol.
(1) 2reparation of ieazquts.
& Metephoaphorio Aqld, The 6% metaphosphorie acid was
prepared daily as follows: ¥ithout heating, 60 g. of
metaphoaphorie acid stiocks were disselved in 300 ml. of
glass distilled vater and the solution made up to ons
14tre and stored at 3°C, vhem not im use. (Om standing,
netaphosphoric acid is slovly hydrolysed te orthophos-
phorie scid)e.
25 Nesachosphorie Aeld Solytion, The 6% metaphosphorie
acid solution was diluted further vith glass distilled
vater.
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Asgorbie Agid Solution. The ascorbic ascid solution
required for astandardising the 236 diochlorophemol

indophenol dye was prepared by dissolving 20 mg. of
ssoorbic acid in 3% metaphosphoric acid solution anmd
diluting to 100 ml. vith the sane solwvent. As this
solution is unstadle, i$ was used imaediately to atand-
ardise the 4ye.

100 mg. of the
dye vere dissolved in glass distilled vater., Thie vwas
filtered ints a 100 nl. volumetrie flask and the filter
vaghed with saall portions of glass distilled water.

The wlume wvas then nade up with glass Biatillod water
and mixod well. This was prepared fresh every day.

(2) 3

The standardisation of the dye was earried out daily
by sitratiag the fresh dye solution against freshly prep-
ared pure asdcorbic acid solution.

A five ml. aliquot of the standard ascorbdic acid
solution (containing one mg. ascorbic acid) wvas diluted
with fiw al. of 3% metaphosphoric asid solution. 1%
vas then titrated with the dye solution to & pink colour
wvhich persisted for 15 secoonds.

Dye Fagtor. Sinos this wlume of dye representis one mg.

of ascordie asid, tho ascordvie acid equivalent eof one ml,
ef dye solution is equal %0 one divided by the velums in

ml. of the dye solution used in this sitrstion.
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(3) Erepsration of Zxtrest for Aoslysis.

The eabbage plcos 0 bde analysed was weighed. IS
wvas then quiokly out into pieoces {about §* square) wishia
one mimite. The ocabdage was then plased ia the varing
blender and an egual smount dy velght of 6% metaphosphor-
f1e acid solution wvas added. The cadbage was then blend-
ed for two minutes t0 yield a homogensous slurry.

Adout 20 g. ¢f this slurry ves transferred to a
boaker eovered with & wvatch glass, vhich was voighed
socurately in an amalytical balanes. The slurry vas
then transforred % a 100 ml. wvolumetris flask and 4il-
uted %0 100 ml. with ¥ astaphosphorie asid.

The diluted sample was then ﬁnor-d\throm glase
wool. The first fev ml. of the filirate nn.ﬁlelréﬂl.
(4) Iisration.

A 0.0% c.0 graduated buretts was uged. This wvas
rinsed vith the standardised dye solution and filled
to the sero mark. Fiwve ml. aliquots of the filtrate
vers pipetted into four maall matched beakers. The
dye wvas added in & fine strean 10 the extract, as long
as the oolour disappeared instantly, then drop by drop,
vith shaking after each drop, until a very fain$ pink
oolour appeared and persigted for adbout 15 seconds.

The titration wvas repeated till oconcordsnt values wvere

obtained. The estimution was repsated on four smmples

¢f the slurry and the meann value of the four repliocates
oal culated.



{5) Saloulations.
1f, Wy = deight of the original anaterial in grams.
v, = deight of extracting asid used in grams.

I, = Yeight of slurry taken for analysis ia
graas.

¥, = Yolume to wvhich the slurry (V,) is diluted
1 ia ml. 3

V, - ::lmo of filtrate taken for tisration in
V = Volume of dye ia ml, required for ascordio
sofd titration.

T = Ascordie uaocid equivalent of the dye in mg.
”t ﬂ. " d"o

This foraula, ¥, ¢+ ¥  / wvill give the
’ -g-:-—i—a'st'ix 100 (¥ ll‘\)\

vitamin ¢ content in milligrsas per 100 grams ssmple.
(6) 2xeemytions.

The four major presautions, namely, reprasentative
sampling, complete extraction, preventisn of oxidation
and rapid titration, suggested by Olliver (1942)‘2 were
strictly observed.

Representative Sempling. The cabbage was cut from tip
to base into wedge-shaped sections in order to include
representative portions of wrapper and imner leaves.
Lonplete dxiragtions The cabvage was placed with an
equal amount {(bdy veight) of 6% mstaphosphorie acid and
ground for two minutes in the varing blendor. After
grinding for ons minute, the blendor was stopped and
any bits that might be sticking $o the walls ef the
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blsodor pushed down and the material ground again for
9ne mianute more.

2roventjon of uxidation. Water redistilled ian a glass~
distillation ap aratus was used for making up solutions
and for rinsing all glassware. The extractant used vas
6% metaphosphorie acid. The chopping of the cabbage as
well as the preparation am wveighing of the slurry were
done as rapidly as possible.

Hapid Titratiop, The titration wvas completed im one %o

tvo minutes.

(v)

Tvo important fagtors which dstermile the conveni-
ence of a storage device are its atorage eapacily and
the time inwlved in deaning.

Henge first, the storage ocapacity of each of the
three devices vas aasessed iu relation $0 the quantities
of vegetables required by the family for & week. Roots
and tubsrs, such as potato, sweet potato, yam and e0lo-
casia were not placed in cthe storage devioces, as they
remain g00d oven at room temperaturs. Secondly, the
tins taken to glean the three devices vas recorded. For
the vire-meshsd cupboard, the eutside and shelves were
dusted and the lining papers renswed. The Janata refrig-
erator vas dimmantled, each part vasned well and dried in
the sun. The mechaniocal refrigerator was switched off
and the door left open. The time taken for defrosting
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vas noted. Then the outside was dusted wvell and the
interior wiped well $0 removo all the moisture. The
detachable shelves vere taken out, washed and wiped
dry. The fresser oompartment trays were also cleaned
and wiped dry. The frequency with whioch the mechanio-
al refrigerator is cleaned in houmssholds was also taken

into oconsideration,

A equigment is aonsidered eeonomiocal vhen the
initial outlay is reasonadle and the operational cost
nominal. Therefore the relative coonomy of the three
storage devices vas deternined om the h}- of the oost
of purchase, cost of aperation and the reduction in ex-
penditure on marketing trips.
lnitiel Cost of iguimment esd Operatienal Comte

First, the ocost of purchase of the three devioces
was noted. The Janata refrigerator and vire-mestwd
cupboard do not hiave any operational costs, vhereas
the meehaniecal refrigsrator, rumning on eleotricity,
involves some cost in epsration. Therefore, in the
oage of the msghanieal refrigsrator, the eparational
oost vas also takem into agcomunt.

K st.

The duration for vhish the sterage devioce kseps
the articles in a fresh condition is of iaportance in
deteraining the eoonony in 1ts use. A device that
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keeps articles storod in & fresh condition feor a long
period saves the time and money that the homemaker has
to apend on marketing trips.

I% vas found in the study that the vegetadles
stored in the Janaia rcrrlgorator. stay freah for three
days. VYegetables osn bde kept fresh in the mechanical
refrigerator for & week, vhereas the vegetables stored
in the vire-ceshed ouphoard start wilting by the second
day of storage.

It was therefore assumed that & homemakar vho
poasesses & mechanical refrigerator goes aarketing
onoe & wveek. This faot wvas confirmed b:\tntorvun.
Households using a Janata refrigerator need to buy
vegetadbles twioe & week and thoss using wiremesned
cupboards daily. Therefore the expense on marksting
for each trip and the total expense in a sonth vas
oaloulated.
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IV. R3SULTS ARD DISCUISIONS.
The results and disoussions that follow cover the
three oriteria,; vis., efficiency, convenience and scon-

OmYyy by which the sultadiliiy of the Janata refrigerator

The relative superiority of the three devices vith

regard to the appsaranse of the different wegetadles
stored ia then is discusssd belowi-
Geuliflover.

Table IV shows the total scores givew for cauli-
flowar after T2 hours of storage in the thres dsvices. .

TAKLE IV¥.

ToTAL SCI2ES FUd CAULIFLOWER AFTEIR STOIAGE FOR T2 HKOURS
IR THE TMREZ DIVICZS.

Feshaatoa) Rots et
Replicates. . | a.ta Re w
NEALASSS DR YA & ) U8 LV QU S L

5
-~

 j 43.0 5.0 32.00

4 40.0 36.1 34.40

3 43.0 5.0 32,00

L 43.0 5.0 30.00

5 40,0 3.0 30.00

Nean. 41,8 5.2 31.63
7= 56.%% P {01 = 3,00

5’91
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The results wers statistically analysed to find
the P nu.o.ism:oor (ﬂ!“fa explaine that F is s ratio
of the variances between Lhs experimental variadbles and
within replicates. If 2, the probability ef its ocourr-~
eance by chanoe, is less than 0.0%1, 1% indioatea that the
differences odtained in the experinent as a wvhole are
very aignificant.] In order to find out whieh of the
differences batween ths three means are significant, the
8¢ test vas apjlied using the method suigested by
Garrett (1958)‘3‘. In this method, the standard error
for the data resented in each tadble wvas mul$iplied by
the relevant *t* and the minisum differdice required
for significancs was estadblished.

As shown in Appendix X1V., n.mfor esmuliflover is
3.00. Hence a difference sreater tham 3.00 btetween ay
two of the three means is stutistically very significant.

It can be seen from Table 1Y given on page 62, that
the mean of the scores given te Gmuliflover stored in
the mechanical refrigerator is 6.6 more than the mean
#f the soores given 40 cauliflover stored in the Janata
refrigerator, whioch in turn is 3.52 more than the mean
score of the cauliflover stored in vire-meshed oupbdoard.
All these d4ifferences are greater than 3,00, vhich is
the ainisum required for significance at one par oent
level.

tlence the mechanical refrigerator is very signifie-
antly superior to the Jamata refrigerator aad vire-smeshed
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oupboardy; the Janata refrigerator is also very asignif-
fcantly superior to the wire-meshed cupboard as regards
the appearancs of califlower stored in it. .
Table ¥ showsz the soores given to tomate after 72
bours of storage in tho three deviees.
TABLE Y.

TOTAL SCORES FOR TUMATO AFTER T2 HOURS OF STORAQZ IN THR
THRZZ DRVICES.

. Hechanieal Janata Vire-meshed
deplioates. ., icerator. refrigsrator. ocupboard.
% T2.5 T2.9 70
2 5.0 T2.9 g 70
3 - 5«0 =9 ° T
SR
Meanr. 1‘0“ 120, T0
¥ = 20.46 4 <°o°1 3‘9‘ = 2,52, “” = 1,66

Analysis 0f varianoe {vide Appendix X.V) reveals a
signifieant ¥ ratlo. Both the mechanisal refrigerator
and Janata refrigerator are significantly superior %o
the vire-meshed ocupboard, as regards tho appearance of
the tomato;and the mmghanical reirigerator is very signi-
ficantly superier to the Janata refrigerator.

I8 wvas noticed that the tomato stored im the wire-
meshed ocupboard ripensd earlier thaan those storsi im the
ether twvo devices.

Desns. |

Iable VI shows the total soores given to beans after

72 hours of storage in the three devices.



TABLE VI.

TOTAL SCOREZS FOR 3ZARS AFTER T2 HOURS OF STORACR IN THE
THREB DZIVICES.

Mechaniocal Janata Wire-meshed

Replioates. . rrigerstor. refrigerator. oupboard.

) | ™ T0 50

2 T 65 50

b ™ 63 48

4 &5 60 43

S ™ T 50

Moan, ” 550‘ 48.2

P = 46.3% P { 0.01 9.01 - '&95 3.05 o 5.4%

On statistical analysis, the P ratio is found to be
very signifiocant, as shovn im Appendix XVi. Both the
aschanical refrigerator and Janata refrigerator are very
signifiocantly superior to ths vire-neshed cupdoard as
regards the appearange of beans; while the mechaniocal
refrigerator is signifioantly superior to ths Janata
refrigerator.

Green Chillies.

Tadle VII shove the total scores given $0 green

chillies after 72 hours of storage in the three devices.



TABLS VII.

TOTAL 3SCORXS FOR GREEN CHILLIZS AFPTSR T2 HOURS OF STURAGE
IN THE THREZ DIVICES.

Meochanioal Janata ¥irs-neshed
Replicates. refrigerator. refrigerator. oupboard.
40 8.3 23.3
2 42 8.3 33.%
3 44 41.3% 38.8
4 4* 41.5 33.0
5 45 41.9 33.0
Nean. 43.2 40.18 33.28
Pe ‘1&” P<0.01 Doot - 5.11 D.” - 50‘8

On statistical eppralsal, the ? ratlo-is found to be
hMahly significant, as shown in Appendix XVIL The 4differ-
ence between the ajosarancs of green chillies stored in
the nechanical refrigerator and iz the Janata refrigerator
is not statistically significant. Both the mechanical
refrigerator anxd the Janata refrigerator are found to be
very significantly superior to the viro-meshed cupboard
as regards the appearanoe ef the green shillies stored in
them.

It was observed thas the green chillies placed im the
vire~meshed oupboard ripened earlier (turning rsd) than
those stored is the sther two devices.

o1 ¢ 521 7Y

Table VIII shows the total soores given to carrot

after T2 nours of storage im the three devioes.
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' TAMLE ¥III.

TOTAL SCOES POR CARROTS APTER T2 HOURS QF STORAGZ XN
THE THRER DIVICES.

Haechanical Janata Vire-neshed
Replicates. refrigerator.refrigerator. cupboard.
1 45.0 3.3 30.0
2 40.0 3.4 2.3
3 43,8 N4 5.9
4 45.0 35.0 5.0
s 45.0 “us - 9.4
Hean. 43.76 39.3 27.54

= 48,28 P< 0.0t 9&‘ =9%5.23 9.05 = %7

On statistioal analysis, ths P ratid is found to
be very significant as fe shown ia Appendix XVIIL. Both
the mechanical refrigerator and thes Janata rofrigerater
are found to be very significantly superior to the wire-
meshed cupboard as ragards the appearance of the carrot
and the mechanicnl rafrigsrator is significantly superior
te the Janata refrigerator.
Bitter Gourd.

Table IX show:= the total scorss given o bitter gourd
after 72 hours of storsge in the three devioes.



TABLR IX.

TOTAL SCORZ3 FOI BITTER GUURD AFPTER T2 HOURS OF STORAGH
IN THX TMRER DEVICES.

Meochanical J anata Vire-neshed

Replicates. rofrigerator. refrigerator. cupboard.

| 35.00 1%.00 9

2 40.00 36.65 25.00

, 3‘0‘0 ’1.‘0 a.”

4 34.40 30.00 24.40

S 40,00 35.00 25.00

Mean. “‘72 8'55 mts‘

P = 4.9% 2< 05 D.m n 17.8 “% = 12,65

O statistical analysis, the F ratic 1s found to
bde significant deyond five per cent level, as shown in
Appendix XIX . Ihe differanee in appearance between
the bitter gourd stored in the aehanieal refrigerator
and Jasnata refrigerator, amd that botween the ditter
gourd stored in the Janata refrigerator ard vire-meshed
cupboard are not statistically significant. However 1%
vas notioced that the bitter gourd piuced in the wire-
meshed cupboard degan to ripen on the seeond day, vhile
thas piaced in the Janata refrigerator 4ié mot ripen.
The meghanical refrigerator and the Janata refrigerator
wore found %0 be significantly supaerior to the vire-
mabed cupdoard as regards the appearance of ditter
gourd.



Glugter Besns.
Table X shows the total scores given to cluster
boans after 72 hours ¢f storage im the three devigces.
TABLE X.

TOTAL 3CURSS GIVEN TO CIUSTER BEANS AFPTRR 72 HOURS OF
STORAGZ IR THZ THREE DIVICRES.

Hechanical Janata Wire-meshed
Heplicates. refrigerator. resfrigerator. oupboard.
1 45.00 41.65 36.65
2 $1.00 49.00 42.00
b ] 59.00 45.50 38.90
4 55,00 53.30 43.40
5 50.00 .00 _  39.00

Fe6.32 2<0.05 Dgyw955 D o5 6T

On statistiocal anmalysis, the F ratio is found to
s significant beyond five per oent level, as shown in
Appendix X X. The difforence in appoarance destween
the cluster beans stored im the mechanical and Jsnata
refrigerators, and the differensce between the appear-
anos of cluster beans atored ia the Janata refrigerator
and wvire-meshed cupbourd were not found to be statist-
ioally significant. The mechaniocsl refrigerator wvas
found to be very signifiocantly superior to the vire-
seshed cupboard as regards the appearance ¢f cluster
beans stored im it.
Beet foot.

Table XI shovs the total scores given to beet rood



stored for 72 hours in the three storage devioes.
TABLR XX.

TOTAL SCORES FOR BSRT ROOT AFTSR T2 BOURS OF STURAGE
1IN THR THREE DEVICHES,.

Nechanioal Janata Vire-meshed
Roplisates. ,ofrigerator. refrigerator. oupboard.
1 40.4 9.0 25.0
2 “o‘ ‘3' , 3"’
3 4“4 42.2 B.3
4 4“4 43.3 33.3
s 8.0 36.0 3.0
Hean. 42.24 40.76 32,18

e ‘0-45 2£0.01 D.O‘ = 7.23 \3.95 - 50"

On statistioal analysis, the F ratio is found to
be signifioant at one per cent level, as shown in
Appendix xxi. The difference ia the appearance ef
beet root stored in ths mechanieal refrigerator and
in the Janata refrigerator is not found to be signif-
icant. The mechanical refrigerator and the Junata
refrigerator aro very signifiocantly superior to the
vire-meshed cupboard as regards the appsarance of
beet root stored in them.

Brinjal.

The eptimum storage temperature recomssnded dy
The Ceatral Food Technologionl Ressarch Institute,
lynroéffot brinjals is 8.%°C to 10°C. But in this
study the mecghanioal refrigerator vas adjusted to
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saintain a temperature of 2°C. Therefore, that temper-
ature vas not suitable for storing brinjal. Consequently
the briajals stored in the mechanical refrigerator did
not keep in good condision. The stalks Decame dry and
there were black narks on the skin.

Henoe, only the seores for the drinjals st.oro; in
the Janata rafrigerator and wire-meshed cupboard, given
in Table XII, werc compared wvith sach other.

TABLS XIIX.

TOTAL SCOAES FOi BMINJALS STORED FOR 72 HOURS IR TME
JANATA REFRIGERATUR ARD WIRS-MBSHED CUPBOARD. .

Janata Jire-meshed
Replicates. refrigerator. oujboard.
] 69.5 57.9
2 65.0 $5.0
3 70.0 T 6540
4 9.9 65.0
) .0 $5.0
Meun. 67.8 59.%
P = 10.49 P < 0.0% t=/Fo 3.2¢

On statistical analysis, the P ratio is found to
e very siganifioant, as is shown im Appendix XXII

The Janata refrigerator is found to be signifio-
antly superior t0 ths wire-meshed ocupboard as regards
the brinjal stored is 1%.
dadios Finger.

Ths optizum storage temperature recommended by The
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Central Food Teohnological Ressarch Institute, uy-or.“;
for ladies fingsr is 6°C %o 10°C. So the ladies finger,
when stored at 2°C in the mechaniocal refrigerator did
not keep good. ITherefore, only the scores given to the
ladies finger stored in the Janata refrigerator and those
stored in the vire-meshed ocupboard, as shown in Tadble
1IX1, were comparsd.

TABLE XIII.

SCORES FOR LADIRS FINOER AFITIR T2 HOURS OF STOHAGE 1IN THE
JABATA REFRIOGERATOR AND WIE-MBSHED CUPBOARD.

—a—

Janata dire-meshed

Replicates. refrigerator. oupboard.
| 46.65 ~ - 35.00
2 46,00 $2.00
3 45.00 30.00
4 46,00 32.00
S5 46.00 352.00
Kean. 45.9% 32.5%0

T = 243.6 P < 0.01 t o /Fem 3,3

On statistical analysis, the F ratio is found o be
very significant, as is shown in Appendix XXIIL. The
Janata refrigerator is found t0 be very significantly
superior t0 the vire-meshsd oupdboard as regards the
ladies finger stored in ii.

7o summarise, there is & difference in ths appearance
of the vegetables stored for 72 hours ia the three devioces.
Tadle XIV shows ths detalls.
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The panel of judges odserved that, in general,
the vegetadles stored in the Janata refrigerator
remained in a better conmdition $han those stored in
the vire-meshed oupdoard.

{¥)

Table XY shows $he asoorbic aseid content and the
percsntage loss of ascorbic acid inm ombbage after T2
hours of storage in the three deviges. Details of the
caloulations are given in AppendicesXY to XXVI.

TABLI XV.

ASCIRBIC ACID IN CADBAGE AFTER T2 HOURS Of STURAOGR IN
IHZ TURZX DEVICES.

Meohanical ref- Janata refriger- Vire-moshed eup~

m. . E.l'd.
Repiio- i:ﬁ:t:l Aseor%fc %iroeaf- asoorbie Psrgent- Ascorbic ~Percent-
“2. in acid in age bes. acid in sage loss. 20id in  age loss.
. g
Ng. ug. ng.
1 44.50 41.%1 8.72 40.00 0.1 36.10 14.88
2 49.98 47.17 5.62 $2.34 15%.%0 T.3 25.40
3 5$3.97 49.76 7.80 44.6% 17.%0 39.53 26.80
4 50.00 46.33 T.24 42.41 15.18 .75 24.50
] 47.99 44.% T.%0 $3.99 8.7 32.6% $2.0%

As can be sesn from the figureas in Takle XV, the
plece of ocabbags storsd in the mechaniocal refrigerator
showed the least loss ranging from %.6 to 7.8 per ocent,
after 72 hours.

The pleocw of ocudbdage stored in the wiremeshed ocup-
board suffereld the uaximum loss, ranging froam 18.9 to



32.0 per cent.

Por the piecc of cabbage stored in the Janata ref-
rigerator, the loss of ascorbdie acid ranged from 10,94
to 18,8 jper cent, coming 1im detwsen the losses suffered
by the cabbages stored ia the mschanieal refrigerator
and viremeshed cupbdoard.

Table XVIshows the averags percentaje loss of
ascordie asid.

TABLE XVI.

M3AR PERCEATAGE LOSS OF ASCORBIC ACID IN CABBAGR APTER
72 HOURS OF STORAGE IN TME THRY® DIVICES.

This percentage loss of asoordic acid is represented
in Figure 11.

The results vere statistically analysed as shovn in
Appendix XXVII. The F raotie is found to be highly signi-
ficant. 7The *§' teat for reliability of the differonces
between the means was applied, using the method suggested
by Guilford (1956)“- It is found that the difference in
the loss in ascorbic acid Lnocurred by cabbage stored for
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"PERCENTAGE LO0SS OF ASCORBIC AcID IN CABBAGE

- 267
| 20
-5 .
- 10
- 5
™M T w
FIGURE 11

M.Skeved in  Mechamical 7ep£g evoator
J.stored m  Janata refrigevatay
W -Stovyed M  wreameshed ¢ u/oboard
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72 hours in the three devicss are very signifiecant.

It is found that tho reteniion of vitamin C is
lowest in the cabbage stored in the wire-meshed cup-~
board, vhile it is the higheat in the mschanioal
refrigerator. The retention of vitamin C in the cabbage
atored in the Janata refrigerator is unrﬁadiau and
there is a significant difference betwesen this and the
retention of vitaain C in the cabbage stored in the
vire=nashed cupboarie.

(111) loss of Moisturs.

Tadle XVII ahows the percentage loss of veight of
ocabbage stored in ihwe three storags devioo.-. The pir-
centage of loas in weight fa due 0 the loss of moist-
ure, which is au iadiocation of the amount of wilting
undergones by the vegotables.

TADLE XVII.

RSZNTAGE LI5S 1IN ¥WRIGHT OF CABBAGHE STHORED IN THE THRESR
D3IVICKES FOR T2 HOURS.

Mechanioal Janata Wire-seshed
Replicates. refrigerator. refrigerator. cupboard.
2 1.3 8.2 2.0
3 10.8 9.6 47.7
4 10.9 6.8 23.4
5 1.1 8.3 22.5
Mean. 1.7 B.64 29.74

These results are represented in Flgure 12.
From Tadble XVII it can e seen $hat ths weight



PERCENTAGE LOSS OF WEIGHT IN CABBAGE
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loss vas nmaximun in ths caso of the piece of ocabdage
stored ia the virs-meshed cupboard, varying from 22.%
per cent to 47.7 per cent.

Next im order ocomss the psroentage loss in weight
of cabbags storsd ia the mechanical refrigerator, the
percentage loss in weight ranging from 10.8 to 14.4.

it is signifioant to note that the piece stored
in the Janata refrigerator had inourred the least
veight loss, the percentage loss in welight ranging
from 6.8 to 10.3.

These difforances in the louss of weight may de
taurpnto;l as beuring & relation %0 the temperature
aaintalned ia the threoe devioes, Figure 1.‘} shows the
rooa temperature and the temperatures maintained in
the three devioes.

The differonces betwesn roon temperature and
temperature in the wire-msshed cupboard are shown in
Table XV1iI.
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TABLB XVIII1.

DIFPRAZECE BETWZEEN aJuM IEMPEIAIVURZ (IN D3CGRESS CIdTI-
GRADS) AND TMPERATURE (1IN DEGRIRS CINTIGRADR) IN THE
WI08-Mi3HID CSUPBOARD.

Temperaturs
Room in vire-
Tine. temperature. msshed cup- Difference.
board.

6 s.m. 24.2% 24.00 -0.25
7 24.50 24.00 - 0.50
8 24.00 3.7 - 0.2%
9 24.50 23.75 - 0.75
10 24.75 24.38 - 0.%0
11 5.7 5.75 o
12 26.00 26.2% . * 0.2
1 Jeme 26.00 27.00 + 1.00
2 26000 26-59 * 0.%
,’ 25125 26.25 + Ooﬁ
4 35-?5 25-5 + 0.5
5 26.50 26.50 o

6 26.00 26.25 + 0.25
1 26,00 26.25 + Q.28
8 26.00 26.00 o

9 26.00 26.00 0

10 2590 25.50 ]

An analyals of the storage temperaiure ia the vire-~
moshed cupdoard, as shown in Table XVIIL reveals that
in the oourse of the day, it fiuctuates slightly abowe
and below the roon temparature. This fiuctuatien nay
be attributed to the respiration taking place im the
cabbage.



The control in the mechaniecal refrigerator wvas
adjusted such, that 1§ maintained a constant temper-
ature of 2°C. Henoe, thes percentage loss is much
lower in the piesce stored im the mschanical refriger-
ator, than is that stored ia the vire-msshed cupboard.

Tadble XIX shows the differences between room
tenperature and tesperature is the Janata refrigerator.

TABLE XI1X,

DIFFEASACE: BITWEEN BOOM TEMPIRATURS {IN DSORERS CENTI-
GRADE) AND T™MZRRATURE (I8 DROREES CINTIGRADR) IN JANATA

RIIRIGRRATOR.
Time Room 1a janata ©  Differeace
) tenperaturs. refrigerator. )

6 a.n. 4.5 21.00 - 3.5

E § 24.% 21.50 - 3.0

8 24.00 21.00 - 3.0

, 2‘.” 20075 - ’6“
10 4.7 21,00 = 3.75
1"t 5.T5 21.00 - 4.5
12 36.00 2‘025 - 5‘15

] PR 26-09 21¢7§ - 3025

2 26.00 2‘0,0 - &50
3 26.25 22,00 - 425
4 25.7T5 22.50 - 325

% 26.50 22.2% - 4.25
6 26.00 22.2% - 375
T 26.00 22.00 - 4,00
8 26.00 22-50 - 3.50
9 26.00 22.50 = 3.50
10 25.%50 22,50 - 3.00
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From Table XIIX, it is found that the temperature
in the Janata refrigerator has becn om »nu average 3.1°C
lowsr than that of the roon teamperature. I& is observed
that in the course of the day, the differenaes betwveen
the rooa temper:ture and the temperature is the Janata
refrigerator is maxioum when the relative humidity of
the atmosphere in the room is lov, usually from about
12 noon to 3 p.m. Appendioes XXVIII to XXXIII shov the
variations in the relative humidity, room teaperature,
the gorresponding wvariations ia the Janata refrigerator
and also the tamperature in the vire-seshed cupdoard.

I% 1is intonniug to mit that ths percentage loss
in weight of the pleos storad ia the Janata refrigerator
is lovest; in spite of the fact that the temperature in
the Janats r§frmntor is higher than that in the nech-
anigal refrigsrator. This can be sxplained as dus to the
high humidity built up inside the Janata refrigerator.

This peroentage loss of weight incurred after three
days of storago, wvas siatistically analysed as shown in
Appendix XXXIYV.

The difference in the percentage loss of wveight in
cabbage stored in the three devices is found 0 bde very
significant. The *%* test for reliadility of differences
botwesn the msans vere applied, as shown in Appendix
IXXI¥V and found %o be signifiocant. Therefore, there is
a sigaifiocant difference detwveen ths loas in weight in-
curred by the cabbags whea stored in the three devices.



(v) Ceunvenlence Ak ke ThEes Rexiges.
storage Capagity,

I wvas found that thers is adaquate space to
store the vegetables required by the family for a
week ia the meghanical refrigerator and vire-meshed
eupboard. The Janata refrigerator chosen for this
study accommodates the vegetadbles required for three
days, as showa in Tables XX(a) and XX(b).

TABGE XX({A)

AMOUNT OF VSORTABLES «3QUIRED FOR THR FIAST TiRZRE
DAYS OF TR “EEX.

Name of wvegetables. Quantity. -
Bitter gourd. 1 medium size.
Ladiss finger. 6 .
Carrot. s .

Best root. 1 .
Cluster bdeans. 1/8 Lb.
Tomato. 1 nedium sisze.
Cauliflowver. 1/4 Lv.
Brinjal. 6 medium sixe.

Cabbage.

7/8 Lb.




85

TABLE XX(V).
AKOUNT OF VECLTABLES REQUIRED POR TME NEXT THREE DAYS.

Nane of vegstahbles. Quantity.
Beet root. 1 medium size.
Beanas. 10.5 Os.
garrot. 1 modiun.sise.
caobage. 7/8 Lb.
Brinjal. 6 medium.sise.
Ladies finger. 2 nedium aise
Tomato. 1/4 Lb.
Reaw plantain. 1 nediun size.

L

- AS pointed ocut earlier, the homemakers store
vogetadles for laoss than three days. aono;. this
Janata refrigerator is adequate iz size for a feaily
of four me mbers.

Slesning Time,
Table AXI shows the t(ime ia sinutes to clean the
three storage devices.

TABLR XXI.
TIRE (IN NINUTES) TAKXN TO CL3AN THE THRIZ STORAGRE
D3VICES.
Yire-meshed Janata Mechaniocal
Replicates. ocupboard. refrizerator. refrigerator.
| 1.00 3.00 22.50
2 $.08 2.7 22.58
b | $.00 %25 22,00
4 1.90 3.66 7.7
5 1.00 3.16 23.08

Mean. 1.02 35.06 22.38




From Table XXI 1% is found that of the throee
storage devices, ecleaning the viremeshsd cupboard takes
the least $iae, next in order ocomss the Janata refrig-
srator and then the asghanical refrigerator,

Hovever, while oalculating the time required %o
clean the deviges, the frequenoy with which each devioce
needs to be eleaned should also be faken iante oconsider-
ation. lience the time required te¢ clean the deviges in
one wveek was calculated.

Table XXIXI shows the time required inm a week %0
clean the three devioes.

TABLE XX1I. .
TINE REQUIRBD IN A WBE T0 CL3EAN THZ THR3Z D3IVICES.

Time In Hin. Frequeney  Time im Min.
Storage deviges fOr each of clean~ needed in a

Shespings _ ADRKe _____week,

¥ire-msshed 1.02 7 7.4
oupboard.

Janata refrig- 3.06 2 6,12
erator.

Hechanioal 2.3 L) 22.38
refrigerator.

Froa Table XX1I, it is seen tha$ there £s not much
differense bLetveen the $ino taken for eleaning Sthe wire-
meshed supdoard and Janata refrigerater. lHowever, the
mechanical refrigerator requires more than thrice the
time necessary to clean the Janata refrigerater.

Thus, in the ocourse of a weeks; the eleaning tiae &m
the leant with the Janata refrigerator. 8ince the time
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faotor is inporsant in home aanagenent, She Janata
refrigerator is very suitable for the homemaker.
(o) Reopomy of the Three Deviges.
Opera Cost.

The purchasing oost of the $hree devioces, nanely,
vire-meshed ouphoard,; Janata refrigerator and mechanig-
al refrigerator was noted. Tabdble XXIII shovs the purch-
asing oosts of the three dovices.

TABLR XXIXI.
GOST OF FURCHASE OF THY THR3R STORAGRZ DEVICAS.

¥Wire-meshed Janata Mechanical

‘e smiphoard. refrigerator.reffigerator.
Cost in Rupoes. 20400 1.3 1294.64
Approximate ratio. 1 0,08 3.0

Thus, it 48 sesen from Table XXIII that she Janata
refrigerator is the least expensive of the three devices
and within tho moans of the majorisy of people among the
poorer slasses.

There is no eperational ocost for the vire-meshed
oupboard and the Janata refrigerator. The apsrational
208t of the nachunieal refrigerater was calouiated as
follevst~

The wvattage of the equipment is 3%8. As the motor
runs for tena hours in a day, the ocurreni consumption is
952 % 10 » 3520 watts hours or 3.52 units., Therefore,



ealoulating at the rate af ten Naye faise per unis,
the sperational coat amounts to 35.20 n? per day,
Sxsenditure on Macseting iri

‘lomemakers using wire~meshed cupboard have %o
buy vegetablies daily, those using the Janata refrig-
sratory need 50 buy twice a week and those using
mochanical rofrigerator ongs a week only.

From an interviev of households in erianaioken~
palaysa a villiage, 1Y miles from Coiadatore, it vas
gathered thay the conveyanos charges for each marked-
ing trip amounts to Rupee one. On this dasis, the
expenditure on marketing tripa for these hguuhlda,
Af they wers %0 use aach one of the storage devioes,
vas ealoulated as shown in Table XXIV.

TABLE XX1IV,
IXPRADITURE ON MARKBTING TRIPS.

Frequency of Conveyance

Storage dsvioe used. sarketing in charges per
a month. month.
L 3
Viremsshed ocupbnard. 0 %0
Janata refrigerator, 8 8
Mechanical refrigerator. 4 4

Is 18 seen from Tadle XXIV that the markeiing cos$
48 highest Af the homamakers use wvire-mesned cupboard
and the lovest for those using mechaniosl refrigerators
$0 store vegetablos.

To sun up, the vost of purchase of the Janata ref-
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rigerator is the lowest of the sthree devices, and 4\

doss no§ invelve any expense for maintenance and oper-
ation, If the homenaker uses the Janata refrigerator
the expenditure on marke$ing trips would de less than

that iavolved, if the homemaker vere %0 use the wire~
meshed ouphoard.
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Vo 3UMMARY AND CONGLUSION.

The hom;naker nesds a aimple and inexpensive devige
for storing vezatables in the home, Therefore,the suit-
atility of she Janata refrigarator as & sinple device
for home stora:e of vegotables vas studied vith refer-
enas to effiqlansy, aonvenisnce and 2conomy. The resultis
shoved that - "

t. In Jeneral, all vegeladles remained in a better
eondition in the Janats refrigerator after 72
hours of storage, than vhen atored in she wire-
moshed oupboardy as ”rewal.od by $the saores
avarded for the quality of the vegetables on
insgections ihe ripening of grewm ohillies and
bliter gourd was delayed vhen atored im the
Janata rofrigerator.

2+ The loss of asoorbie agid vas saaller in the
cabbage stored in the Jawmta refrigerator than
in that atorad in the wire-meshed oupboard.

3« The danata refrigerator used ia this study is
adequate in aize $0 stors the vege$ables re-
quired by & family of four members for three
days.

4+ The cleaning proocedure for ths Janata refriger-
ator 1s sinplas I¢ involves only 6.16 minutes
per week for cleaning 1%, twice & veells

S+ The Junata refrigerator is inexpensive. WNo
additional expones 48 requirad for msaintenance
and ¢perations



"

Thus from the data available, the oonaclusion is
reached jfhat the Janata refrigerator is more suitable
for home storage of vegetables than the vwire-seshed
cuphoard. The machanical refrigerator is indeed
superior $¢ the Janata refrigsrator, st since the
tnitial eost is high and it requires the supply of
gas or alegsrielity for Lits operation, it cannot be
used by many families and als» in those parts of
India, vhere gas ond electricity are not availadle.
Henoe the Janats refrigerator iz recommended for

storing vegetadles as an aid to better home manageaent,
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APPENDIX X

DAILY REUIRSMENTS OF VSGETABLES NOR:A FAMILY UONSISTING
Or THE FATHSR, MOTHER AND TWO UHILDREN, 4 GIRL AGED THIRTZEN
Y®ARS AND A BOY AGED rIVE YEARS,

: Requireients in ouncss ¢ -
Itenms 'Father*‘uother 13 Yr. 'S Yr. ‘Total

'old ' o014 ¢

: : : girlttl boy#* ]
Green leafy veget- 4 4 4° 2 14.0

ables,

Roots and tubers, 3 3 4 + 10.8
Other vegetablas. 3 3 4 & 10.8

* Health Bulletin No.28, Page 18.
** Swamimathan amd Bhagavan ‘Our Food*', Page 71, 73.

vl



APP3NDIX II1X,

PRELIMINARY INTZRVIBWS WITH TEN HOUSEHOLDS,

Duration of storage of vegetables. Ko« of households.

One day. T
Two days. ,
Three dq.c -]

Vil



APPENDIL IV

YCORE CARD FOR CAULIFLOWER

xality Sriteria 8aore
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SSORS JARD FOR TOMATO

- P o -

- > o A -
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SUURE SARD rOd BZRANY
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SU0RZ GARD rOR OR4EN CHEILLISS
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APPLNDIL VIIX
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8SURS JiRD rUR BITT4R GUUID

- P L S S W = G A o W AP

Jaality Jriteria 3»rore
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3S0RS CARD FOR JLUSTRR BIANS

quality Sriteria
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5,088 SARD MUR BEAT ROOT
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S8SOR3S SARD rFOR BRIAJAL
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APPaWIL XXV

ANALY3LS Jr VARLAANGE FUR TOTAL SUORES Or SAULLMLOWER AFT4LR 72
HUURE UF STURAGZ I THE TuRdl DEVISES,

Soarze of Su=a of Dagroe of “ean

variatina SQUATE S, fraodnm squaAre
Betwvecn storagze Gevises 233,94 3 131.97
dithin replioates 29,30 12 2,3%

For2and 18423 FPat 0l = 69 P = 5611
Pat 05 = 3.8 P < 0,01

31en1fioange of Meon Differenge by Use of ‘'
$.D, (Standard Deviation within =/ Within varianoe
S.8 (St:ndard arrar of the differanca LIS S |
between any two msans) = '%'x'i"
(¥ « ¥unmbar of replizates) .
D o1 Ciinimam differense reuired for signiftzanze
batween any tv» means at 1£ level) = £ a1X 88
»
SeD_ Bek T ;

1.83 0,97 3.08 3.00 41.30 35720 31,8

-~ - -ty -y W s o

g2 Ny and M 1gf5r to the menn saores of cauliflover stored
in the 2echanical mefrigarator, Janata refrigeratar and viree
nes-ad supboard, rosastively.

8ignifisnce § n. and P = 83 > D o P <{%MN
. »
of mean ; -
e ; nj and = 3,82 > D o4 P 0,01
srences. | , :
§ 9. acm!w = 10,12 > b.m P {01

XX



AryanDIL XV

ANALYULS OF VARIANGSE rOR Tud WTAL 3UORES
.OF TOMATO AFTJR 72 HUURS OF STORAGE IN THE
THRES DAVIVES

Sources o; ) Sun of Degree of H;a;; |
variation, squares, frosdon aquare
Between

sborage 238,43 2 14,218
davise.

Within

replis- 4,17 8 0,99

ates

¥t 30,48 P <0,01

Tests for signifias-nse of nean differences
by use of *t?,

WA 20 o i wn W o
HeD 8.8 ¢ D t D M M M
W P 00 M 08 L0838 = 3 v

- e @ O W W B W B G = W S S @S P W e WS e e e o S

0.83 0,88 3,70 2,82 2,45 1,48 M,18 72,80 70,00

- e X ¥ = 1 24

D and = 1,868 — P =0
C R * osF * 008

D and = 2,5 >p P £ 0,08
3 08

D and = 4,135D P < 0,01
| L 4 e



APPSNDIX XV

ANALXSLS OF VARIANSE FUR TOTAL SJURES UF BIANS
AFTAR 72 RURS OF 3STURAGH IN THd THASE DAVISES

Seurges of Sun of Degree of Mean

vrriation, squares, freedon square

- W G A o W W W A WA WA AR W W S e W W

Batween

atoraze 1419,78 2 700,88

deviae

within

replise. 194,00 12 15,33
ates

,._..‘.---m..gaw»*»_-u.,--.-.

¥ = 43,81 P 000

- . -

S.D 8.8 .
“w o ‘001 _naﬁl t;M DGM nﬂ H’ _H'

390 248 308 7,98 2,13 5.40 71,0 85,80 43,20

L g ] ad - A S e A -

D and = 8.4 = D P = 0,08

= 08

B’ and_ = 17,4 S D'Od P < 0,01
] 4y

uam'-aa > b P 0,01



APYSMLIX  XVEX
ARALYSES OF VARLANGE riR TORAL S80ids OF

GRasa JnllLlIag AFTAR 72 MOURS OF STORAGE
1s Tnud TaRdE DEVIGES,

SRR

Souraesaf Sum of Degree of Ne-n
variation sjuares. freedom  square

Between

storage 251.96 2 125,98

devices

Wwithin ,

replis- as, 33 12 7.14
ates

Y G W Wk W R gu W N A @ W G B A W oum W e

Fx 17.80 | <Q§ms

Tests of signifisnre of mean

3.D B.8 ¢ D
v % Yo P t.os Pos M ", "

W ES W G W W G W WP I W W B W W W A o W W A @ W R W W

2.87 1,80 3,08 5,17 2,13 3.5 43,20 40,18 33,28

D and = 3.02 D not signifisant
m Y 205 ign

D amd () |
f - =z 3,90 D_ o1 P 0.0

P and = 9,92 D ¥ 0,01
n w «01l

xx il



AfrrEaDIX XVILE

ABALYSES OF ViRIANGS FOR TUTAL SCURSS OF
SARRUT AFTER 72 MOURS Or STURAJZE IN Tnid
THRIZE DIVRISS

Sou;zel af Bam of Dagrac of Haan
variztion. sguarss fresdsm 3uare

Be twaon
storage 702,18 a3 351.0%3
doyices
Wwithin
re;: 113~ 87.28 12 727
ates.

¥ = 43,98 PO

A

BeD  Bek 8 -
v b %o Por Yos Pos T My N

& -
W wm W AP A e G W W AW G B W W W W W m TG B weee P o, o

2,897 1.78 3,08 35.23 2,18 3.7 43,78 39,3 2754

_—

P and = 4,453 > D P <0
n * .08 (0.08

|
D and 211,78 > D P {001
} w 2 01 <
D ana 16,22 > D P< 0,01
L 3 v «01

X XM



APPSEDIX XIX

ANALXSLS UF VARIANGE MOR TOTAL 840449 oF BITTER
JUUAD AFTHER 72 HJOURS OF STORAQGE IN Tud THREA

DAVIJES,
gwm; of ' Sun of Dagrare of Maan
variation SquUAares, fresdon sgquare
o d@ W @ W B T G I S W D P W S W W® W W
Between :
storage 87,3 a 383,48
devises
4ithin
replic- 847,70 12 73,31
ates
- W B W O e W W e W e o W W e S e P O
Fs 4,5 P <0.,08

hx naa :: lzl
W D 01 i) «08 +08 ® !‘: H‘U
» W @ W W W o - B w W M W @ BT @ D T W W S W W W Yy O

8,50 8.30 3,08 17,8 2,18 12,35 36,72 27,88 20,34

P and ® Tl?7 < D not signifisant
=n b ] «08
P -~nd s 0,01 D not signif

3 v . < .08 gnifiaant
D and = 18,1f

‘a v 18,18 > D‘% P (0,08

)()(N‘



APYsSuDIX XX

ANALXGIS OF VARIANSS FOR TOTAL 8J0HE3 OF
JLUSTIR B&ANUS AFTSR 72 HUU ur STU4AGE
IN THs THRIS DV iosd

Sources 61‘ Sum of " Degree of Maan
variation SqQUuUATEeS, fresdon 811809,

--.-HO-“.ﬂﬁ“’*‘ﬂ"’ﬂ"ﬁd.'

Between '

storage 304,89 2 153,28

deviaes

Within

replia- 201,987 a8 84.31
ates

- W M W B PSS S - o W W & W & @ w . e B @

Fa g,32 P L 0,08

WW

* . : N o M
D «01 «01 08 ,LO08 n k] v

4,03 3,18 3,08 9,55 2,18 3,798 82,90 47,0 41,01

b‘ and g ®» 4,3 <(D.ggs not signifisant
DJ and' = %53 (b not signifisant
D‘ m' = 10,99 > D,0O1 P {0,020

ARV



ABALYS1S OF VARLAKGE FOR TUTAL SUORSS OF BISTROOT
AFTSR 72 BUURS OF STORAGS I8 Tng THHI: DVIJRS,

Smu';;s of Sun of Degrae of Mean
variation, sjuares [freadom Square

Bestween
starage 203,71 2 148,35
devires

dithin
replice 170,63 i2 14,22
ates

F = 1%43 P<{ .01

Tests for siznifis of mean 4 es
use o

W ap When an L 2

SeD Sel
W D .

D t
01 «0 +08 D.Os ”ﬁ :3 H'

w A G W W M B WP W MR W W o W R W W e A W e W

3e73 2.38 3,07 7.78 218 5,19 42,4 40,78 32,183

- o

D. and D‘ = 1.43 (D%  not significant

=05
D and D =
s » 8.58 D. o1 P <001
D and = 30.08 > D P <0.00
n w «01

Ax VI



ArPr#dDIX XXIL

ANALESIS oF VARLANSS FOR TUTAL SUORSS OF BRIASALS
AFTER 72 HUURS OF 5TURAQS LN THS JANATA Rar:lOSR.
ATOR AND N THE WIHS GsHsD JUrBUAREL,

Sourxeg of Sum of Degmf ;f Maan
variation  squares. freedon square

Betwesan

storsge 172.23 1 172,23
devize

within

replis. 131.3 8 . 18,41
ates

r ms W ar A ar W W w W A A A W ok W e W W A A e W A

F = 10.49 P £ 0,05

Mot 2B iy v i r—

Test f2r siznifizanae ot difference by
uge 3 t O!i

t=JF =3,2¢ P {9.08
t = 3,398 Lt = 8.31
O'm ‘m
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ANALYSIS U VARLANGS rOR TOLAL SJURBS UF LADIES
FIRGZ: ANTAR 72 HOURS ur STURAGE I8 THE JANATA
ASriIGsa .Tud WD 1IN THE 41 .i8445n8U SUFBUARD,

WEQRGE — o G D o spals S - gl

Sourses of Sus of Dagree Sf Hean
varigiion  squares. fresdom square

Retwvaen
storage 445.75 : 1 443,75
dovire

#ithin
!'05)11’3- 14.85 8 1.83
ates

¥ = 243.3 P <o.01

B W WA W W W T W R W N WG ® W W D W WP

t ™335 t=/F =155  po.01

X = \gIW



APl SBD L

ASGURBAY ALY »nTss
72 HOURYS OF STURAGS LI &

e i an D = G5 S5 OF o= ub SR SR BE Gb G T g e

Initial sontent Jelight
Repli- of asorbic asid
cates. in ng/1% g Inlitial

) § 44,5 0N, 80

- G @ & 9 6 9 % B D W OB DS W




Arpi3NDiX XLV

A3SURBLY ASID GOATSNT OF JABBAQS AMTSR 72 ROURS OF
STORAGE I JARATA [RSr13sRATYR,

Inttial  Welight of labbage Assorble asid oointent

Repli- 2ontent of — —_ - 1 I T2 e
2ates assnordis  Initial 2ftor 72 Apparent a>tunl{After Hean
asid in =g. hyurs gorrestion,

48.51 40,33
4 5« 50 40,34
12%.1 .2 40,0
b § 44.58 28. 112, 43.33 an.13 Do

44.M 39,32

U G N A W M S W AR W Nk A A R I IR AR S W T WS W A T e e TR W
47.10 43.94

2ef

2 4,93 118,28 1oa,8 %M 42.91 42.34
45.52 aA.7?
45,20 42.42
- 42.11 44,41

3 53,97 120 108,8 49.91 4%13 44.43
45,63 43.93
43,7 4 .03
49,57 42.44

4 $0.00 196,68 1831 @ 1 41,78 42.41
‘ 48,04 42,38
45,57 432.54

S A A R A N B AN e A G AR TR WS W D W N G W W e Tk oue W N P e
43,80 40,00

s 47,90 1388 125.3 @ 3.3 3973 33,90
41,81 33,07
41,50 33.14
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AGJURBIS ACID JINTSHT OF JABGAGE AFTSR 72 HUURS OF
STORAGE IN #IREMASHID JUFBUARD,

Initial  weight of Zabbags Assorbic a3ild sontent
Rapli- ontent of __ __in g in _ =g “@an
antes 8scordis initial after apparent actial after
acid in mg 72 hrurs arrrestisnec”
80.79 33,01
51.58 23,98
1 44,5 124.58 38,2 35.1
* * 52, M 33,11 *
80,59 35.38
535,55 37.40
) 83.93 3”.%
a, . 8
2 42,98 147.7 100,28 47,929 34,93 37.31
51,03 37.03
44,10 _ 30,43
, v 84.21 39,58
3 83,97 124 75,38 * 30
39, %8 33.82 -53
35,89 40,54
50,73 33.85
4 80,00 1785.2  134.2 43.17 33.90 49 98
49,892 3B.0
48,83 37.28
- e G W e TG P A W W W WG T D O I N S ™ o W P e B W
41 .82 32.41
41,72 33,32
S 47,99 114,11 38.4 * -
. . 42,90 22,7 32,33
42,71 33,09
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Arp4mbis  XXVIX
ARALY LS OF TaRLANGE FOR pIRSENTAQS LUSS OF ASSURBIS
ASLD LR GABSAGS O8N STORAGS FOR P2 HOURS NTHE THRZES
SToR4d4 DRVLLsS

Sourre of Sun of Tegres of “foan of
variation squares. freedom sgquares

W M S B W A W R O W W & WS e & W e

Between storage

devizes 813,90 e 431.98
#ithin

replisates 133.47 12 11.37
(srror) . : ‘

F= 38,00 P <°&°1

- , ——ge——egeeeeeng~
%y Mye By =x =3 =xg t,01

W A S A A W G W e A W 2 W 4 A T A W AR AR Y s w A

6.6  15.34 25,80 4.11 43.73 88,43 3.36

- il

For mean diffsremies de = Ny ¢ Ng - 2= 8 ; ¢ (423,38
ty and t,.= 12,82 > 3.33
typand t; F 12.70 > 3.33
t and t; p 27.33 ) 3.38
My = mean perientags loss of aszorbls asid in sabbage

stored in =msshanizal refrigerator.

Njpi*= mean persentaje loss of aszorbisz azid in sahbage
stored in the Janata mfrigoutgg a

Ml mean rercentage loss of aocorbiaL{n 1abbagze stored
in wvire-mashed w+ire-mashed *uphard,
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