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™ A ?nr The y i l v .

On* of the Ohiaf N ip ftB itlU itU l Of the hoim ksr 

l i  to provide nutritious food to th« family* This res­

ponsibility Involves purchase, storage* preparation and 

sorvlas of fbods* besides sons amount of food production 

through the kitchen garden. Wise management w ill help 

the honeaaker to oarry out a ll these duties in an effect­

ive manner* with the minimum expenditure Of the reoouroes 

of the family*

flu  af fM fln
The proper storage of foods* particularly the perish- 

ablest suoh as vegetables and fruits* is  an Important 

aapeot of food management* because it  helpe in obtaining 

maximum nutritive values from foods* Vegetables and 

fruits deteriorate rapidly i f  not stored under proper 

conditions* They lose their nutrients* especially vitamin 

C* I f  exposed to air and allowed te wilt* With a lit t le  

mors oare in the storage of these perishables* the home­

maker can improve the family diet considerably* Renee* a 

knowledge of good methods of storage s f vegetables is  

essential fOr providing the family with nutritious feed* 

Proper methods o f storage arc important from tot coonomio 

standpoint as veil* Thay reduce the wastages duo to 

spoilage* and minimise the expenditure on shopping trips* 

la  addition* they help to save time and energy spent on
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marketing* Henoe* application 9f proper Methods o f stop* 

■go of vegetables is  the home* w ill ensure the prooure- 

aent of maximal nutrients with the minimum expenditure 

Of the reeeuroes o f the family* such as money* tine and 

energy* Thus there is better hone management*

ftil4 X*L M  InMBtMln. .319XW P*rXQ3U
SoientiHt studies have established the fast that

refrigeration is  an effestive Method of storage of per*
«

iehabies* Fentser (1999) asserts* "There is no subst* 

itnte for refrigeration as a naans of keeping fresh and 

frosea foods froa losing quality** However* soot e f them

Indian hones are not in a position te afford aeohanioal 

refrigerators*

The annual per oapita inoone was R*29V50 for the
m

year 1956-57* whereas the prise of the aeohanioal ref* 

rlgerator ranges froa B*1*700/00 upwards* Bvon in fam- 

i lie s  where the average lnooae say permit the poseeaslon 

and use of the refrigerator* information about its  ad­

vantages* ears end aalntenanoe is  1 asking* with the re­

sult that many persons are not yet oonvinoed of its  e f- 

fioaey*

There is  need therefore for introducing simpler end 

less expensive devices fer storing perishables in the 

Indian hone* The 'Janata* refrigerator in one eueh do* 

vioe made of pottery* being promoted in the rural areas

e
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fey the 'Mukhya sevlkao* and *Qraa 3eVikas* worlting In 

tha Coanunity Povelopaent trograanss* They claim that 

vegetables stored in the Janata refrigerator remain 

fresh for about three to four days* However* no soient- 

ifio  study has yet boon node sn the suitability and ad* 

vantages Of the Janata refrigerator# Hones* the present 

investigation was undertakes to study seientlfieelly* 

the suitability* efficlonoy and eoonony o f the Janata 

refrigerator* for storing perishable foods In Indian 

bones# It  is  hoped that the findings o f the study w ill 

bo of lmpertanoe la  pronoting nutrition and better hose 

managesent*
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Om  of the major protolama that tha homemaker 

faosa ia  food storages la the spoilage o f foods due 

to various causes. A proper understanding of the 

nature and oausos of food spoilage w ill help to prevent 

the losses duo to spoilage*

Pennington and Tressler (1951)* State that the 

principal oausos of food spoilage are «*

(a ) The growth o f mieroorganisns» chiefly bacteria, 

yeasts and moulds!

(to) The action of ensymes which scour naturally in 

the foods!

(o) Chemical react ion» such as oxidation and hydro* 

lyslsi

and (d) Doslcoation*

Spoilage of food materials nay occur duo to any one 

Of these reasons* or a combination of two or three oauees* 

Foods vary In their susceptibility to spoilage due to 

the above oausos. fo r example* Frasier (1958)* points 

out that fate are more susceptible to chemical spoilage 

(such as oxidation and hydrolysis) than to microbial 

spoilage* According to Slrkeland (1930)** the rotting of 

acid fin ite such as orange and lemon* is  largely duo to 

the action of moulds and yeasts* Vsgstablss such as
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carrot* potato and cabbage* aro non-aeid* and subjeot 

to attack by bacteria and aouldo. Kruogor and Johane- 

son (1959)* otato that autolysls or opollago duo to 

tbo ensymos naturally present In then* la a aoro common 

ooourronoo la  roots and tutors suoh as potatoes* oarrots* 

toots and turnips* than la  other groan vegetables* fen* 

nlngten and Treaeler (1991)* rsnark that desleoatlon Is 

oftso a oause of deterioration of fruits* vegetables and 

bakery goods* but^does not affect other types of foods*

*> ..ggffUMft
Halverson (1991)^ explains that nleroorganlsas

oause spoilage by their dlreet action on the foods* and

also indirectly ty bringing about other changes suoh as

the synthesis of toxins* that contribute to food spell*

age* He further points out that tto ohanges pro duo ed by

the growth of nloroorganlsas vary with too typo or typos

Of organlsas oonoarned* and aleo with the deooaposltlon

of the foods Involved*

i )  .Iff
AdUtn, 9f HMMirgffrtKh.

Halvoreon (1991)^ states that In foodo which are 

rich In carbohydrates* bacteria w ill usually bring about 

fermentation* particularly of sugar* Xhe dlffersnt or­

ganlsas break down the sugar In different ways* but In

that react la a* aliphatic acid a particularly lactic acid,' 
are always produced* and earbon dioxide or a mixture of
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oar bon dioxide, hydrogen and methane la XI bar at ad* In 

addition) aloohols, aldehyde* and ketones aro produead.

Ssseharolytls organ! «w  attack etaroh. They pro- 

duoo diastase# vhieh is  an ensyme that ehsngeo atoroh 

to sugar at flrot« and than tha sugar to said*

The starahos aro attmoksd also by anothar biasa 

of bacteria, whioh uoo stafsh iter energy# They not only 

hydroXyaa the ataroh, but si no oonvtrt the hydrolysato 

to gum. Slnoa sugar is  thus removed from tha sphere of 

sot ion, ooid formation is  proven tod# But protoolytio 

organisms (tbs notion of eh!oh is  inhibited la  tha pree- 

anoa o f sold) begin to decompose the protein present in 

the food material along with the star oh# giving rise to 

foul odours, ms vail os unsightly appearones. Tha prod- 

motion of ropy broad by BaaiXXua Mosontsrlous to an ax- 

ampXo of thle typo o f ohongo#

The baotorial deooaposition of proteins io duo to 

the notion of protoolytio ensynes produced by the baot- 

oria# They oauee ohangaa that aro more complex and un- 

dasirablo than theas that ooour whan oarbohydrates ara 

broken down. Ths and products of protein decomposition 

aro also mors variady aueh as polypaptldssy paptonas and 

aminoaolds# Thors io a further break down o f amino molds# 

Usually, odoriferous oompounds Ilka hydrogen auphide, 

mereaptana, indoles, skatoles, putreselna and oadaverlns 

are liberated# Pel#emar and Reid (1958)8 indicate thatb
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m m  apeoies of the genus Clostridium* Bacillus Proteus 

and Bacillus Psuedomonas produoe highly active pro too* 

lytio ensyass.

g&JfrUt.
Although fata aro losa susceptible to aierobial da* 

composition than carbohydrates and proteins* aooordiag 

to Halverson (1951)*# extensive ohangaa oan ooour la  

fata also# Thera are many aloroorganiaas which oantain 

lipolytia and/or lipoxidative enaymes* The llpolytio  

aosyaaa hydrolyao the fata to free fatty aaldo and gly- 

oerol* The fatty aoida liberated are further fermented 

in the came manner aa la  the eaae of oar bo hydrates. Alt* 

phatio aoida* aldehydes# ketones# aloohola# oarboa diox­

ide# hydrogen and methane are produced* The lipoxidative 

ensyaea* which are generally elaborated by moulds# bring 

about oxidative changes.

The aioroorgaaisms besides causing spoilage of foods 

by direct notion as pointed out so far# also bring about 

ether changes* Some eyntheeise ooapounde that alter the 

flavour# odour and selour e f the foods en which they aot# 

hi sa undesirable degree* Ibr example# Pseudomonas Pyo- 

oyaaeua# when it  grows in milk# changes its flavour# be* 

oaaee it  produces pyoeyanine* Similarly# Ssrratia Mar*

oasoens may produoe a blood rad pigaent in bread*
Some bacteria# euoh ae Clestridlua Botulinum and
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Staphylococcus* synthesise toxle products Ilke botul­

ism toxin and enter©toxin, and maks the food unfit for 

human consumption. soon do at ft* duo to ouoh food pois­

oning v iil ooour* I f  thooo food* aro oaton*

* ) agfUnit Pat iff m m i«t
Spoilege of foods may ocour duo to tho motion of 

ensymeo oontoinod in tho foods thomselvse* MoPevall 

(1955)9 dofinos an onsyme a* "A colloidal organic cat­

alyst”* An ensyno boing ooiioldai In naturet bsoonse 

ooagulatod and inaotlmtod by hoatf In Othor words* It  

Is  thsraolabllc* AXX plant pro dusts contain onayaos 

vhiah boooao aotlvo when 00ndl lions aro favourable*

Tho changes oausod by thoso onxymo* aro oallod auto- 

Xytio ones*

Hal to r son (1951)*  ̂ do 0 or i bos tho ohangos oausod by 

food onsyaos In tho throo major food oonstituosts*

Many food products oont&ln diastatlo onsyaos* vhloh 

ean change starch to sugar* For example* vhon potat­

oes aro stored at too high temperatures (above 80°F) 

they boooao sweet and soft* Tho protoolytlo onsyaos 

naturalXy occurring In milk* autoXyse tho oasoin In 

the aiXk i f  It  Is  kept unheated* such aiXk Is consid­

ered as spoilt* Fat splitting ensyaes aro also pressnt 

la  plant and animal tissues* I f  ths food (oopsdaily 

frying fats) In stored without first inactivating thsss 

snsynss by heating* tho fate w ill bo broken up Into
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fatly aold«« and the proportions of froo fatty aolds 

proaont ia  a fat w ill inoroaso progressively on storage*

Oxidative efeangea ooour usually ia  fatty food** 

asking than ranoid* Tbs firs t  stop la  oxidative 

ohangss is  tbs splitting o f tho fat into fatty aoid and 

glyeorol.

( « , ,  M„ 000), • } « , ♦ »  H j O ---- >

Stearin

0, H, (OH), ♦  50,? H „  OOOH

Olyaarol Steorle aalO*
Tbs fatty aoids undergo further disintegration* giving 

riss to peroxides* short ohainsd aoidst aldehydes and 

kstonoso Oenourrsntly thsrs oeeur ohangss ia  flavour 

and taatey vhioh generally make the food undesirable* 

Aeourding to Halverson (1951)^ "The ranoid fats oount- 

eraet or destery eertain vitamins in the food* In add­

ition* some of the by-produete of oxidised fat nay ba 

toxlo"*

d) aaii.tftsU9.lt
Sealseat lea brings about a Shange ia  the turgor 

of the se lls  of perishables sueh as vegstablso and 

fruits* Maysr (t960),D defines * turgor* as the pressure 

Of the ooli-ssntsnto oa the partially alastlo wall of 

a aall« tending to produea rigidity* Under ordinary 

eirouaat&noes* thin turgor ia produood by a dolioato
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balance of forces, which maintain the cell at a normal 

volume, and yet allow the exchange of aubalances. When 

there la a deoreaae in the loluaa of water la  the cell 

during desiccation, the oell beoonea soft and flabby*

The vegetable becomes wilted and shrivelled.

flrU A rta i .tx

A knowledge of proper storage conditions is  esaen- 

tia l for minimising the deterioration of vegetables during 

storage. Watt and Leung (1959)** olaeslfy lasses of 

autrlsnts which oocur during storage of foods after 

harvest into too kinds *  (1 ) the obvious physla&l loss 

that ooours when edible parts like the outer leaves of 

plants are removed, and ( Z )  the eheadeal loss which 

follows the ohangs in the a trust are of plant, because 

of the continuation of oell respiration and activity 

Of enaymea. The texture and vitamin content of perish­

able foods detsriorats rapidly, especially i f  the temp­

erature around them is  not suitable fhr saintsitting 

then in good condition*

Therefore these perishables need to be stored with 

ears, to reduce the ehemloal lose* Work and Carew (1935)^ 

lis t  four oendlIlona whioh seed to be controlled for 

ensuring proper storage «  (a ) quality of produce) (b) 

tenperaturef (s ) humidity, and (d ) ooaposltiott of the 

atmosphere*

*) Quality of Produce.

Successful storage depends on the quality of the
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vegetables to start with* Tbs vegetable* to bs stored 

should bo free from injuries -  moohanloal* asd those 

dus to insects or diseases* Bsaoh and Tuasing (1951) 

point out that tbs stags o f maturity is  an Important 

faotor is  storage* Root crops such as bests* carrots 

and turnips should not bs allowed to Mature fully be­

fore harvest* as they tend to get woody upon subsequent 

maturity in storage. On the ether hand* cabbage* onion 

and pumpkin* should be allowed to nature properly before 

they are harvested* Unless they arc nature to start 

with* they w ill not keep well even under the best of 

storage conditions*

9) Temperature*

The temperature at whieh vegetables are stored has 

a great influence on the chemical changes occurring is  

then* the motion o f aioroorgsnioms that nay bo present* 

and the loss of water from the cells* Therefore* veget* 

ables have to bo stored at optima storage temperature** 

The Optima storage tenperatures required for the d iffer­

ent vegetables vary* Pennington and Tressler (1951)* 

site that sons fruits and vegetables, suoh as banana* 

leaon* oucumber* tomato and potato* doeay faster i f  they 

ars held too long at even moderately low temperature*

It  is very essential that the sptimum temperature 

required by eaoh food material is maintained constant 

during storage* The temperature of the place where
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vegetables are stored w ill rias das Is tbs netabolis 

soli v ltlss of the foods* as daring the a*taboilo pro- 

o« s m s* boat is  evolved by the plants* sod oar bon di-> 

oxide is  liberated. Slanott and Wilson (1953)14 •* - 

plain ths produotion of boat daring respiration as 

follovet- "Through the addition of oxygen* gluoose 

is broken down into oarbon dioxide and water* as shown 

by the reaotlent*

c* “i * « *  ♦ § $2 — 6 C 02 ♦ «  0 ♦ Heat*

This* when expressed lx  terse of graae* aeanei 

180 graae of sugar ♦ 192 g ra s  of oxygen — >

264 grans e f oar bon dioxide ♦ 108 grans e f 

water ♦ 674 ealories e f energy*

The quantity at heat evolved during metabolism 

by different plant produets varies considerably. 

Presoott and Proctor (1937)^ point out that Bartlett 

peers and cherries which have high respiration rates* 

require to be stored at lover temperatures than ethers* 

euoh as potatoes* apples and onions* whloh ars oonpar- 

atlvely low heat producers.

Wright* Rosa and Whitenan (1954)16 also point sat 

the importance o f maintaining constant temperatures la  

storage rooms* Variations in the storage temperature 

offset the quality o f the vegetables* Potatoes are 

likely to begin to sprout i f  the temperature is  toe 

high* and usually Oeoone undesirably sweet i f  toe low*



Zb addition* there is  always the possibility that 

fluctuations in tespsrafcur* w ill oauss condensation s f  

solsture on stursd products* This is undesirable( be- 

oauss soiaturs favours the growth of souid and the dev- 

•l«js«n t s f  doMir* 

i )  iTfS9l Of Zitmx&w*
High temperature* isorsass Ihs rats of respiration 

and other chemical ohangas is  food produsts* Aaoording 

to Vant Hoff’ s law (as dusted hy Vsrk and Cam  (193»)U ) 

"For every 10°C (1$? F )fise in temperature* ths rats s f  

ohsaioal reaction is  approximately doubled"* Pentser 

(1959)^ points out therefore that wars temperatures oauss 

losses s f vitamins* Aaong the vitamins* vitamin 0 Is  

sore easily destroyed by heat* than others* Host per­

ishables lose their aaoorbie acid (vitamin C) even at
do

roon temperature* sveetaan and Maekellar (1994) state 

that the sore perishable type of vegetables suoh as fresh 

spinach* lettuce* gross peas* green oorn* broeooli* eauli- 

flower and green bananas* lose their antl-seorbutie value 

rapidly at rooa temperature* Spinach* when stored after 

harvest for three days* loses about half of its  aooorbis 

aoid* and a ll in eovon days* Therefore* the leas of vita- 

sin C in foods say be taken aa an indication of spoilage*

u> ittmfc 9f.latmqfcmra m ^ ta c la ik  Afflict
The control of storage temperature is  necessary to 

restriot the action of sloroorganioste* According to Penn­

ington and Tresolar (1951)* spoilage by mioroorganisse is
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■or* likely to take plaoe at high temperatures than at 

low east* beesuse bacteria* yeasts and moulds* grow loss 

rapidly at high temperatures than at low temperatures.

l i t )  girtai *t
*g

0 tear no (199$) explains that ths rats of ovapor- 

ation of a liquid is accelerated at high temperatures*

When the temperature is high* the moleoules of the liquid 

whieh are in constant motion* move at a higher average 

speed and esoape into the spaoe above the liquid* and 

ohange into the vapour state more readily* Hsnoa* the 

prooeae of evaporation is  speeded up at high temperatures* 

Therefore, when the temperature in the storage plaoe is  

high* there is  a greater lose ef water from the sells e f 

the vegetables*

The rising temperature also ineroases the oepaeity 

ef air fer holding water vapour* Therefore* i f  the temp­

erature la  the storage plaoe fluctuates* inoreaaed evapor­

ation of mol st ars w ill take piece at high temperatures* 

and condensation at lower temperatures* la  both oases* 

a great less of water from the vegetables w ill result* 

leading te their shrivelling*

*▼) i t r t i i  it
When after harvest* plant products are stored* the 

oonetruotlvs synthstiS process of carbohydrate formation 

in the product oeasea* but due to the metabolls activit­

ies* the oarbohydratea contained in them undergo changes* 

Ths temperature at which they arc stored affects ths
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transform alien of carbohydrates, and consequently the 

flavour*

Sweetman and Maekellar (1994)*^ stats that when 

vegetables eontalnlng a substantial aaount of sugar* 

suoh as sweet oorn, peas and asparagus ars picked, 

photosynthesis, vis*, the production of new cjarbohyd­

rate is  stopped* Fart o f the sugars present in then 

are also consumed in respiration, and part changed to 

ether substances, particularly starch in oorn and 

peas, and eellwall materials la  asparagus.

Etudiee by Platsnius (1939)*® on the o ff sot e f 

increase in storage temperature on the sugar content
e

ef peae and oorn skew, that In general, loss of sugar

is aooelerated at higher temperature. When the lose 

reaches 30 per cent, sweetness decreases considerably, 

and the flavour is affooted.

0) ttuaxcUty.

Xhe huaidity o f the storage plaoe is  another imp­

ortant condition to be controlled. Xf the humidity is  

too low, wilting is likely to occur in moat fruits and 

green leafy vegetables! i f  it  is too high, it  favours 

the development of deoay. leafy green vegetables whieh 

oontaln large amounts e f moisture, need to bo stored la  

plaoea d a rt  the relative huaidity is  high. Otherwise, 

they rapidly lose their moisture end weight, deteriorate 

in texture, and become shrivelled.
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d) Qsaposltlon of the Atmosphere,

when there is a sufflolent snount t f  oxygen la  

the storage place* aero bis respiration oaoure in the 

plant produets* Tba haxoae sugars gluoosa sad fruot- 

ass* ara oxidised ooaplately to oar bon dioxide and 

water* whan the oxygon present in the storage ataoa- 

phara is net adequate* anaerobic respiration oeours* 

Friteh and Salisbury explain that during aueh

anasrebio respiration* ethyl aloohol aesuoulates la  

the tissues# and onuses o ff flavours* The reaction 

aay be expressed thus*-

% **12 ° 6 -----> 2 Cg OH ♦ 2 0  0^ >26 Calories*

Aeoordlog to lYesoott and Prootor (193T)^» an

axoess o f oar bon dioxide evolved during respiration
£

produces * brown hearts* in apples* I f  thsra is  

proper simulation Of a ir in the storage place* the 

aoounulstion of ourbon dioxide is prevented*

16\f Jfagflia
As low teaperaturo la one of the oondltlons 

favourable for the storage of perishables* the uss 

of low temperatures for the storage of food* its

* Chandler (1957)^ explains that brown heart is a
nans given to an intsmal breaking down s f fruit* 
caused by Injurious aeeuaulation of oarbon dioxide 
in the store room*
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• fft lt  on Iki causative factors o f food spot logo, and 

the different types o f lw  tsmperatur* storage aro re­

els wed hart*

* ) Ugt ?r te* l i m t M w n  tot Iftt itorvw  gf m<i
t o f t

Prescott and Proctor (1937)15 point out that the 

storage and preservation of foods by tho uso of low 

temperatures havs boon recognised and approoiated by 

a an for many centuries* In tho very early days* asn 

utilised natural resources such as wells* springs* 

streams and cares to hoop food articles oool* Swank 

(1945) while describing hew the people in the past 

kept foods fresh* cool and sweet la  the spring houses* 

says* "The small stone-house nestled low against a h ill 

and there was a lit t le  stream of cool* blear water* 

seeping from the side o f the h lllt  down to the spring- 

house below* Inside this house* the water ran along a 

shallow trough of wood or stone* And right there in 

the middle of tho stroma stood fla t stone wars crooks 

and Jugs* copper pans and tin palls* filled  with milk 

and sream* lard and pats of yollow butter**

Lansing (1949)*3 also has shown that "On tho island 

of Grots* in the Mediterranean Sea* there are ruins of 

an ancient pal see dating from 1500 to 2000 B*C. * with 

oool underground gallorios* where are found* groat 

oarthenware Jars* Pood was stored in them and sealed 

from the air"*
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la  the m b* manner* as the inhabitants Sf ths 

Western countries* ths people s f  ths Bast also u til*  

issd nature's refrigerants sash as ios and snow as 

oooling agents* Walls? (1960)®^ rsfsrs ts ths fast 

that even before 1000 B*6* ths Ghineae ussd ios 

esllars* Davis and Sharps (1947) sits that "Alex- 

aadsr ths Brest had his ssrfs oarry snow fron ths 

mountains and plass it  la  dss? trsnohss fills d  with 

hundreds s f  Sags s f  wins to kssp thorn oool”. Swank 

(1949)*^ Joints sat that whan Marso Polo returned 

froa his famous travels in ths Saat in 1299* he 

brought bade reports s f  ths uss of too for chilling.

Post and Thys (1929)2* remark that "Here* ths rtoaan 

daperor forssd innumerable slaves to bring ios and 

snow froa ths higher mountains is  Italy* This snow. 

Biased in pits* Insulated with sod and straw* was 

used is oosling wines* fruits and fish for his elabor­

ate banquets**

Crowther (1959)27 refers ts ths uss s f ios by 

ths Britains la ths eighteenth century* to store food* 

as oan be assn from the following exoerpti- "Attaohsd 

to many old mansions is  England is  an ios store* This 

consists s f a thiok-wallsd underground or semi—under­

ground building generally located in a wood* and thiokly 

thatched to kssp out the warmth s f the sun. Blocks s f 

ios were out during the winter frost* and stored in ths 

underground building to be used during summer”*



Crowther(1959)27 further states that 1b the south of 

Franee, suoh loo from tho glaoior quarries of the Alps 

was used for preserving food.

Thus from the literature available* It  is  evident 

that snow and loo have been la  use os ooollng agents 

for storing foods at low temperatures In many ports of 

tho world froa ancient days.

* ) m te r i

Frasier (1958)^ points out that when food articles 

are stored at low temperatures* the rats at which they 

deteriorate Is reduced* because low temperatures retard 

spellages due to the motion of microorganisms* enzymes, 

ohemloal changes and dealseatlea*

(1) MX;ett.j_qf.JdBLlMiatolCTJML. Hi.
Fresoott and Froetor (1937)1& explain that sold 

offsets mioroorganlsma to two ways -  It retards their 

growth* and rsstrlets food supply. 

itetontoUw U
Krueger and dohsnsaon (1959)* hove enumerated the 

footers whioh have an offset upon the growth and develop* 

meat of microorganisms aa food supply* oxygen tension* 

moisture, temperature* hydrogen-ion concentration* oxld- 

otion-rsduetion potential, surface tension* Ssootio 

pressure and light. Of these* temperature ploys so 

Important role* I f  the temperature is  not favourable* 

the microorganisms stop growing or multiplying* and i f
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the unfavourable condition continues, they dis.

Based upon the temperature requirements, the mloro- 

Organises are classified Into three different groups *  

thsrmophiles, mesophllss and psyohrophllss. The • thamo- 

philie* organisms grow best at temperatures above 40®C* 

Many of these w ill grow very well at temperatures around 

65® C. The optimum temperature range for the growth of 

*aesophillov organisms Is from 20®C to 40°C and these 

generally do not grow at teaperaturee above 40®C or below 

10®C. The * psyohrophilie' erganiaas grow boot at low 

temperatures, via*, below 19®C. Assorting to H4.vorson 

(1951)7 a ll the three types are oonoerned jin food spoil* 

ago. rresoott and Frootor (1957)19 are of the view, that 

erganiaas vhieh oan carry on their activities within ths 

tsapsraturs limits of approximately 10*C to 58®C play the 

moat important part in the commonly known types of food 

spoilage. Hence storage o f foods at temperatures lower 

than 10®C restricts the growth of microorganisms in them. 

He strict lan of food Supply.

Microorganisms require a moist environment for thole 

normal metabollo activities. Their food materials must 

be in s liquid form la order to permeate their cell walla 

or membranes. I f  storage temperatures are sufficiently 

low, pert o f ths water in ths food articles w ill crystal­

lise , leaving the constituents of the food oonoont rated 

in the remaining water lo ft in the liquid state. The 

organisms may make use of thorn for sons time. However,
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eventually the low concentration of w l i r  end the con­

sequent high concentration o f other materials la solution 

or colloidal suspension* w ill restrict the normal proc­

esses of mtoroerganisas and retard their growth*

**) siftgt ft te* i ia t f i l i ir t  qq fiaiYiWt
atvirenment influonooo ensymes in about tho aaoo way 

aa i t  dosa baetaria* Therefore* oold inhibits tbs action 

of ensymea also* Sash enayae has an 'optimum temperature* 

and a 'thermal loaotivation point'* Referring to their 

astivitias* Kitahsll (1950)® writes* "An engrme *  oata- 

lysad raaotion tends to bs inoraaaad in rata by tha rise 

in temperatures as in any ahemisal raaotion* At abnorm­

ally  low temperatures* the offset of tha ensyms is  gener- 

ally retarded* It  practically diaappaars at 0*0 and be- 

oomas nil whan tbs ansyms is  in a fro sen condition* There­

fore* the autolytio ahangas duo to the motion of snsymos 

are retarded by low tamparaturaa* Pennington and Trasaler 

(1951)* mention that moat ansymas are s t ill motive at 0*6 

but tha rata at whish they act at 0*6 is  far below tha 

rata at 20*6*

WfrwH ft* at\

Halveraon (1991)? indicates that oxidation and hydro­

lysis being chemical reactions* scour relatively slowly at 

cool storage temperatures*

SXlitat of fcftH ffMIgfEtttMCf, 9H
Voter evaporates less slowly at low temperatures than

at high temperatures* Consequently* the rate of food spoil**
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age due to da si ooatlon is  markedly reduoed when foods 

mrm stored si low temperatures.

• ) I lP fi 9f 5»4rMtr
Aooording Is Frssisr (1958)* thoro «rs thraa d iffer*  

•ni types of low tester store storage «* (1 ) Common or 

oellar storage} (11) Chilling' and ( i l l )  Cold storage 

or frosting. (i)

( i )  SoijKffl .,9,E
from olden days tho method of oellar storage Is 

being used by farmers* they store their produce after 

harvest in oool outdoor storage oellars or underground 

cellars* In this type o f 'ooeoaon* or 'oellar* storage, 

the temperature is  seldom lower than t9°C (60*f). The 

deterioration duo to onsyme action and nioroorganisms 

la  not prevented, but is  reduced than that at mtmos- 

pheris temperatures* Hoot crops, potatoes, oabbage, 

oelory and apples can be stored in this way for limited 

periods.

U l )  Chilling.

Chilling is  storage at temperature above frees!ng, 

but below tho 'ootmaon* storage. >weetman and Haokellar 

(1954) mention that shilling may be produced by three 

methods -  the so called ios-less refrigeration (oooling 

of footed by the evaporation of wator)f loo-refrigeration, 

(making use of tho Intent heat of fusion of loo) and 

neohanioal rofrigoration (employing tho latent heat of 

vaporisation of liquids).



23

F ru ltr (1958)* writes that la  lee-refrigsration, 

the temperature varies from 4»4C6 to 12.8*C (40*? to 

95*V) depending upon the amount of ios* Its  rate of 

M ltingi the amount o f foodt and the toe bos used* 

Usually the temperature In the household (neehanloal) 

refrigerator varies from 0*0 to 10*0 (52*F to 50*?)* 

Nest perishable foods including eggs* dairy produce* 

meats* sea foods* vegetables and fruits may be held 

in shilling storage for s  limited time with lit t le  

ohanges from the original ooeditions. la this type Of 

storage* although the ensymatie and microbial ohanges 

in the food are net altogether prevented* .they ere 

reduced considerably*

H I) Kmilqfli,
In freezing* food artlolss are stored at temper­

atures ranging below 10°? and tne microbial growth ia 

arrested entirely* Usually the fbods ere eealded or 

blanohed before freeslng to inactivate the action of 

onsyaes* When such proooaeed foods are frosen* tiaeue 

autelyeia is  stopped completely*

There are two main types of froesing •  'quick 

fresting1 and ‘ slow freeslng** Carpenter (1961)^ 

*t*tes that in quick freeslng, the food artlele ia  

fro son for 30 minutes or loss at temperatures ranging 

from 0*? to *30*? (*l8*fl to -34*0)* Slow freeslng 

requires three to seventy-two hours and the temperature 

varies townward from ) * f  («19'6)« Slow freeslng prod-
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uoes large arystale of loet which rupture cell wall* 

and oauee extensive ’ drip* er loee e f fluid upon thaw­

ing* whereaa quick freexing produce* smaller ice eryat- 

ala and laaa damage to the fbod tissues*

freestng ia being increasingly employed is  the 

treat to atore meat* fish and fish product**

Aa the present study i *  related to refrigeration* 

the basic t principles of refrigeration are reviewed 

briefly 1s these pages*

oven* definea ’ refrigeration* aa the

"9 ole no* of producing temperatures below that of the
e

surrounding atmosphere*• Refrigeration makee see ef 

twe basic prinoiples to produce low temperatures* Ac 

Hauetrath and Harms (1951)*^ state* the first one la  

the flow ef heat energy from m higher level to m lower 

level# The second la the absorption ef heat when matter 

ohanges state*

H a* of-Host Hacrrfv Fronts hlxher level to a Lower Level.

valley (I960)24 explain* that i f  two bodies at d iff­

erent temperatures are placed within en enoloeed epaee* 

heat la transferred by radiation from one to another* 

until the two temperatures are equal* In the loe ref­

rigerator* the heat removed from any eubatanoe pieced 

Inside it* ia  absorbed by the loe to change into water* 

la  the aeohanioal refrigerator* heat ia absorbed by the 

evaporator* which in  kept at a lower temperature as dee-
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or 1 bed on page 26.

Abserptlon of Heat During Choree Qf SUtfc

Mattor exists la  three physical otatoo -  fcho solid, 

liquid and gaseous statss* Snergy ia required to bring 

about a ohange ia the stato of matter* Tha body that la  

changing state, darivao tbo energy required, ia the fora 

of boat by absorbing it  froa the spaos or other bodies 

nearby* the heat absorbed by a solid while melting to 

the liquid state, ia  known as the latent heat e f fusion; 

and the heat absorbed by a liquid while ehanglng to the 

gaseous state, ia  oalled the latent heat af v^arlsatlon.

As during tboea prooesaee af melting ar valorisation, the 

body that is changing state absorbs heat from the Immed­

iate space or bodies, the spaoe or neighbouring bodies 

are cooled*

She amount of heat absorbed when vaporisation takes 

place la larger than that absorbed when melting occurs* 

das gram of water absorbs 540 calories o f heat while chang­

ing from the liquid to the gaseous stato at 100*3 (212°F), 

whereas one gram of loo at 0*3 absorbs only SO calories of 

heat while changing to water* Thus vaporisation of water 

is more than six times as efficient os melting ef ice in 

producing cooling.

Henoe, la  modern refrigeration, the principle of 

vaporisation is  made use of,, to produoe low temperature 

in am area, me substance that Is employed to absorb 

heat from the area is  known as the refrigerant* Zt Is  

always a gas to start with, and liquified under high
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pressure# The liquid is then allowed to vaporise# Soso 

commonly sood refrigerants art ammonia* sulphur dioxide* 

methylene chloride* dichlorofluoro methane* diohlerotntre 

fluorosthane and methyl formate#

lyaaa. jlL j&titeWAtes.**.
The various typos of refrigerators is  use may be 

grouped as follows*** (a ) Mechanical re frigor at or sf 

(b ) loe refrigerators ssd (o) loelsss refrigerators*

Hodern refrigerators have machinery to spaed up 

the heat-absorbing process and therefore are designated 

*saohanioal refrigerators4 # There are three differents
kinds of meonanioal refrigerating systems*- (1) Compress­

ions ( i i )  Absorption and ( i l l )  Air system*

i )  vWPmffion,

Haustrath and Harms (1951)^ describe that in the 

oompreseisa system* the ooollng meohaaiam sonsiats 

thiefly s f three dlstinot parts* a oompressor* a eoad- 

ensor and aa evaporator* as shows la figure 1* The 

oompressor compresses the refrigerating gas and delivers 

it  te the ooUs of ths ssndsaeor* Ths gas which beoomes 

heated due to oompreseisa is pooled by mesne of a radiator* 

When the blades s f ths fan of ths radiator rotate* ths 

heat froa the hot refrigerant Is given o ff to the air*

As the refrigerant ooola# it  ohaageo to a liquid* This 

liquid is  conducted ts the evaporator through an expansion 

or reduelag valve* Sinoe the pressure is  reduoed* the gas 

expands and evaporates# la  doing so* it  absorbs heat froa
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the surroundInge, thus, the evaporator in the actual 

cooling element of the refrigerator* and in placed inside 

the food oompartaeat* After the gas has expanded in the 

evaporator* it  is  conducted back to the compressor and 

once again compressed* and the process is  repeated cont­

inuously* Thus the system consists ef repeated cycles 

of compression* condensation* expansion and evaporation* 

ID  Absorption System,

Absorption refrigerating maohlnes are heat-operated* 

Instead ef a compressor* heat is used to oompreee the 

refrigerating gas* whtti is usually ammonia* After cond­

ensation and evaporation* the gas is  led into an absorber
e

which oontains s weak solution ef the refrigerant* This 

weak solution absorbs the gas and becomes oonoentrated* 

The strong solution is  tbsn heated and thus the proeees 

continues*

H D
In the air system* s ir  is compressed to s high 

pressure by the compressor* It Is then oooled by passing 

through eolls ever which oold water is run* The oooled* 

compressed s ir drives an s ir engine* ind as It drives the 

engine* it  expands and becomes very sold* The oold or 

refrigerated air is  piped o ff for use in the refriger­

ating room*

In the lee refrigerator* cooling is  produced when 

ioe melts* As Post and Thye (U 5 5 )^  point oat* when
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food at rooa laaptralun is  piaaad within |ha lot ref­

rigerator* tho warnth it  contains* paiMi into tho 

surrounding a ir whioh c&reulatoa towards tha ioa and 

than across tha surface* salting tha ioa eake* Aa 

tha ioa salts* heat is  absorbs* and tha air is  cooled*

According to FNt and Thy* (1995)^  ioa rcfrlg - 

aratora of fiwo to six oubio foot oontont* hare a sholf 

aroa of about 10 square foot and an ioo oapaolty of 75 

to 100 pounds* with s  re-icing oapaolty of approximately 

50 pounds* Radioing is  nsoassary ewery four or fire  

days sa an aTorago*

•) toolssa Rafriasratora.
a

Tha Uni tad States Department of Agriculture (1958)** 

has o io lsd  a staple typo of ioolooo refrigerator aa 

shown in figure 2* It  oonsiots of a woodon cupboard* 

tho aidoo of whioh are oloaod with aoraan wire* It  is  

fittad with a oowar s f  ooarsa (doth* Tha oupboard stands 

is a pan s f  water* into shiah the bottom of tho aloth 

oowar extends* Another pan fillod with wator ia plaoed 

on tho top of tho oupboard* Four wioks sewed to tho 

upper part of tho oower dip into tho pan on top*

Tho operation of this ioolsss refrigerator is simple* 

It is aads t* stand ia a oool place* where there is  good 

oiroulation of air in order to fadlitate tho evaporation 

of water* This is  baoausa tha eiroulating air oarrias 

away the water rapour that has fornad during evaporation. 

Ear. is r (1956)** explains that " i f  tha evaporated aoleoules 

are allowed to ronain near the aurfaoo* soso of than in
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their random notions* strike the surface and are retur- 

nad to the liquid ita lt . Suoh backward transitions da- 

oraaaa ths nat rata of evaporation". Tha circulation 

Of air avoids this raturn and ooneequently allows more 

rapid evaporation.

Vhitaan (1 9 W )^  points out that as the oooling 

offoot is  duo entirely to evaporation* dry air and wind 

inersass tha effleienoy. It is of llt t la  value in moist 

and stagnant air*

Ifao Janata da f  rigor a tor.

Tha Janata refrigerator* also known as tha poor- 

000*8 rafrigarator* is  another typo of looloss refrig­

erator. Tha origin o f tha nama is  not known. Perhaps 

tho naos has ooae into vogue* bsoausa tha oquipaant is  

siaplo and inexpensive and heneo oan be afforded by tho 

ordinary people.

The Janata refrigerator also works on the prinoiple 

of the cooling offoot produced by the evaporation of 

water. It  consists of an outer earthenware trough for 

holding the water* Tho food artioles whloh are to be 

kept oool* are placed inside an inner vessel. As tho 

water la the outer trough evaporates* the temperature 

inside the inner vessel Is lowered and the oontents are 

thus kept at a temperature lower than that of tho surr­

ounding air. The equipment should be plaoed in a oool 

place* where there is  good air olroulation to facilitate  

rapid evaporation of water.

51



Sotw I i m «  of Janata R ifr ia rU g n ,

The Pottery draining oua Product ion Centre at 

Usilaapatty (19€1)^ produce oat of rod oiay, throo 

different si sea of Janata refrigerators, priced 

Rupees one, two and five respectively.

The Usilanpatty Janata refrigerator oonaists of 

an outer vessel with a detachable perforated lid*

There is  another enaller vessel which is  placed inside 

the outer vessel* shorn in Figure 3* Water la poured 

inside the outer vessel through the water inlet on one 

side* Vegetables are placed in the inner vessel* As
e

the water in the outer vessel evaporates slowly, the 

vegetables are kept cool*

The Slook Development Of floor at Usilaapatty rep* 

erted that this device is popular among flower venders 

far keeping their flowers fresh, and the aiddle olaes 

families use this refrigerator for storing vegetables. 

It io not yot popular in the villages round about Usil­

aapatty, because the villagers derive adequate resour­

ces to purohaoo largo quantities of vegetables necess­

itating storage* 

b) XaCalluuattl True.

Another typo of Janata refrigerator io made at the 

Qandhi llketan Ashram, T.Kallupattl, Madurai District* 

It Is more or loss similar to the Usilaapatty type* 

There is  a slight difference is  the shape of the lid
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and the M t«r fM M l« as Illustrated is  Figure 4*

•) Mwnwr Tm t,
Figure 9 shows the Shahpur type of Janata refrig­

erator described by h^eri*** It consists of an earth­

en tub 1'-9* in disaster and 8" High. A snail slap 

stand 6" in disaster and 2* High with a few heiss on 

i t s  surface is  placed in the oentrs of the tub* This 

stand serves as the Hose for the wire oage» which holds 

artielea for star ago. there is  another earthenware 

cylinder in height and V - 2" in disaster* which

i s  plaocd in the tub* the cylinder has a detachable 

doae-shaped lid  with a central knob for lifting  it* 

Around the knob there are eight or ten holes t* in din* 

aster* The foods to be stored are kept in a specially 

prepared wire oage I* in  disaster with two shelves* 

upper nod lower* supported on a oontral rod* Tho wire 

sags is knit loosely in order to avoid eroating air 

partitions within the cylinder as ethsrwiss dampness 

may result, the inner cylinder is prevldsd with a khadi 

petticoat having eight to ten vertically stitched leap 

wioks and f*  in width* These are so stitched that their 

ends at the bottom remain loose and free* The doas- 

shaped lid  Has a fine doth cover.

the entire d evise i s  asuntsd on a tripod stand and 

kept in a cool, brassy spot of the house* the earthen 

tub is  filled with water te a depth of about |* (about 

4* lower than the top of tho oontral base)* Periodical
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sprinkling of water on the sloth sever 1 c asseseary* 

departments Carried 0u» at -.arvodara Aahra» ‘

Xagerl*® gives a short report of the experiments 

carried eat at Sarvodsya Aehram* Shahpur, with their Jan­

ata refrigerator* The experiments were eeadoeted during 

the month of February and the first week of March. Veg­

etables like tomato and brlnjals remained fresh for al­

most a week, green coriander kept fresh for mere than 

a week# An experiment with milk stowed that it  could 

remain in good oonditlon for Id hoars* In a subsequent 

experiment on a very warm day in the last wsek ef March* 

silk  remained In good sortition for nearly* 27 tours*

*X*era* drink* which would ordinarily ferment within 

three hours * remained fresh and unfermented even after 

sunset* when kept in the refrigerator from early morning*

The porosity Of the sylinder enhanees its  evapor­

ating capacity. The porosity depends open the composit­

ion ef the material with Irtish the eylinder is  made* 

hones with a view to increase the porosity of the cylinder* 

the Saurashtra Khadi Gramodyog hoard added fibrous mater­

ials to the clay# Shoes fibrous materials get burnt while 

the eylinder was baked* thus making the latter more porous, 

d) aaurashtra Type.

Shis is  slightly dlffersnt from the types mentioned 

above* It io  described in detail on psge/f*

o) H?m ? m t

IT

Vlllagsrs are reluctant and are not in a position to
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buy *  m v  equipment even whan the aoat may ha within 

Rupees Five* Therefore* they need to ha given gui donee 

to make use of what thay hava in their houaao and imp­

rovise a devioe for oold storage of foods* Therefore* 

tha Hona saianoa Wings training *Oraa Savikaa** ara 

advocating an adaptation of tha Janata refrigerator* 

Assorting to fturi (196d,)^ tha type aiveeated by 

tha Home Soianoa Wings in ainpla and aaay to eonstruet* 

Tha artiolaa naadod ara available in tha village* namely* 

( i )  a nawly baked porous elay baain (aixa depending upon 

tha naad a of tha family) | (.&) two shallow looaaly knit 

bamboo baakata in tha fora Of platss that oan just f it
a

late tha baa ini ( 3 )  a plsoa of aid gunny | ( 4.) a faw 

brioks* and ( “5} rough sand (river) * sons mud and water* 

First* a suitable plaoe* as far away as possible 

from tha ohula (f ir s  plaos) is  aalaatad to oonatruot 

tha Janata refrigerator* The slay basin io placed in 

tha oantra of that spot and one foot square of spaoe la  

narked around it*  A email briok wall about I 1 high is  

built along tha marking* This wall la  smeared with a  

mud mixture9 prepared by mixing slay steeped in water 

overnight* a lit t le  hoy* and oow dung*

Whan the wall has dried thoroughly* the spaoe en­

closed by it  is  filled with 00arse sand to about a 

fourth of tha height of the wall* Than the slay baain 

la placed ia tha oantra of the square and tha remaining 

•pace la filled  with more sand* so that tha square la
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almost half full* Vateris sprinkled a ll ever the basin 

and ths sard * so that they are moderately wet* The water 

evaporates in course of time* making the inside of the 

basin oool* The moisture should be maintained constant* 

One ef the baskets ie plaoed in the basis and ths 

vegetables are placed in it* They are then covered with 

the ether basket* over which ie plaoed a wet gunny deth, 

as depioted is  Figure 6*

Thus* many types of Janata refrigerators have bees 

developed* The Janata refrigerator seems to be an in­

expensive and simple storage device for storing veget­

ables is  the hose* Therefore* an attempt was made to
a

Study the suitability of the Janata refrigerator for use 

is  the Indian homes* with regard to efficiency* conven­

ience and economy*

99
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III* dlPSRXMWtUb KWC-aMiRS*

The value o f any tousehold equipment should be 

judged by three aspeots from the management point Of 

▼lew* The equipment should give the maximum value 

with the minimum expenditure of resources suoh as 

time* energy and money* Accordingly# a good storage 

device should fu lf i l  the following criteria#-

(a ) Efficiency -  The equipment should keep the 

stcred articles in good conditions 

(0) Convenience *  The equipment should be con­

venient and easy to handle 

and (o) Beonoay with reference to the initial ooat 

and the coat of operation* In addition# 

there should be considerable caving in the 

expenditure on marketing trips by the uee 

Of the device* 

attaftUPil .<t£
These criteria were used in this study to Judge 

the suitability of the Janata refrigerator fOr hone 

storage of vegetables* Ae It was neeesaary to Judge 

the pottery device against Other storage devices used 

in our households# an attempt was first made to find 

out the common storage devices used by a selested group 

of families in Qsiabators sity*

The population studied was the households of the 

281 non-resident1*1 students of 9ri Avinashilingam 

Home science College, since the students wers easily
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aooeeslble* The sanple was shoasn by seleeting 100 

households at rondos fros the population* A form for 

oo Hoot ins lnforaatlon on household practises regard* 

lag storage e f vegetables* shown is Table X; was ad* 

sinlstered to the 100 households*

IA1L3 U

tom  fOR COU^CTIHO INFURMATIOR OR H0U8SH01D PRACTICE 
830ARDIRQ STORAOI 07 YSOiiTABLSS*

(Issued to the non-resident students of Sri Awinaahi* 
lingua Hose Sslenoe Oollegs)•

Rase* Address*

Class* Monthly 1noose of
father or guardian*

Storage Method* Vegetables Stored*

Cane basket (f la t )*
Cane basket (ta ll)*
Wire basket*
Vessel*
Vessel oovered with wet sloth*
Cane basket oovered with wet olsth*
Earthenware*
Wrapped in wet oloth*
Keeping lasersed in water*
Open shelf*
Cupboard with wiresesh doors*
Janata refrigerator*
Meehanleal (eleotrio) refrigerator*
Keeping buried in sand*.

7roa the 80 ferns filled  and returned it  was found
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that as many as fifteen devices wars used la these 

households for tha storage at vegetables. Table XX 

shove the details*

TABLE XX*

HOUSEHOLD DEVIOSS FOR 3TQHA98 OF VSSSTABLSS* 
(Total Ho* e f Households-80)

S.Ho• Storage device used* He* e f
hou ee- 
holds*

Percent*

1 fla t  cane basket* 59 73*8
2 Tall cane basket* 49 61*3
3 tire basket* 48 6 0 o
4 Cupboard vlth vlrase shed doors* 40 90-o
9 Open shelves* 39 43*8
f Utenells* 35 43.8
7 Qtensile covered with vet oleth* 31 38*8
8 Cane baeket eoverod vlth vet doth* 22 27*9
f Earthenvare* id 20*o

10 Mechanical refrigerator* 9 6.3
11 Wooden boa* 2 2*9
12 Janata refrigerator* 1 1.25
U Cupboard vlth Ordinary door a* 1 1*25
14 Fleer la a ventilated area. 1 1*25
19 Floor vlth frequent sprinkling ef 

vater*
1 1*29

From Table IX« it  oan ba seen that sieving la sane 

baskets is  the an at widely prevalent aethod* 73.8  per 

seal ef households employing It* The devices whloh vers 

next la tha order e f popularity vara wire baskets, euy* 

board with vlress shad doors* Span shelves and utensils* 

Very few households* vis** only five used the aaehaaioal
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refrigerator*

Oat of theeef the investigator disso a cupboard 

with viro-aeahed doors end the aeehanloal refrigerator 

ae the storage devloes against which the performance 

Of the Janata refrigerator o f the Saurashtra type would 

be ooapared* The foraer was oho sen because the oost 

lo reasonable and i t  Is hygienic# the latter because 

it  is  the aost effective of the aodern equipment fbr 

storing perishables. The Saurashtra type was chosen 

because it  could be easily aade by the local potter* 

attgclBlAttn .91 jaaiatm U  

denote WffEUmtm:,*
a

As shown In figure ?» the saurashtra type e f Janata 

refrigerator consists o f ta outer tub (A) in dis­

aster and H * highi for holding water* There is  an Inner 

vessel (1) la  the shape of an Inverted flower pot# Open 

at both ends* This measures t*«9* in disaster at the 

base and 8$" at the top* There Is s  short aud cylinder 

( 0  t* high and f*  In disaster* which Is plaoed Is the 

centre s f  the tub* This serves as the base fbr the and 

plate (D) 9i* In disaster* on which the vegetables are 

plaoed* The plats is  slightly shallow In the oentre with 

five holes is  its  surface to facilitate aeration* The

inner vessel is  dosed with a lid (5) 8f *  la disaster
, in

whioh has a handle* Thera are four holes ** disaster 

on its  surf aos*
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The equipment was assembled a» shown in  Figure 8 

and se t up on a platform near a window, so that there was 

good circu la tion  o f  air* Water was poured In the outer 

tub to a height o f  H * . 4s the water evaporated through 

the porous m aterial, ooollng was prodused* A fin e  slo th  

was wrapped round the inner v e sse l with i t s  lower end 

dipping in  the water In the tub* By cap illary  action , 

the slo th  remained wet a i l  through* The slow evaporat­

ion o f water from the wet s lo th  a lec helped in  produoing 

sea lin g  in sid e the v e sse l.

A Centigrade thermometer graduated froa *10°C to 

110*C was suspended in s id e  the inner v esse l through one 

o f the holes la  the lid*

This i s  a  small oupboard 2*-3" t a l l .  1*-4 |«  wide 

and seversd with wire-mesh on the two sides* I t  i s  

f itte d  with a wire-meshed deer* there are two sh elves, 

whieh are 1* deep* as shown in  Figure 9*

The shelves were lined  with paper and vegetables 

plaoed inside* A Centigrade thermometer* graduated froa  

-10* C to 110*G wae also  placed in sid e it*  

ttoj&MtaaL
I t  i s  a * Westlnghouse* household refrigerator* model 

PIS B, S ty le C42012 (Figure 10} dimensions 32" x  38" x  69* 

and eapaoity 9 oubie feet* The refrigerant used i s  D i- 

chlorofluo rose thane (ccigF g). oontrol was adjusted so 

as to maintain a oonataat temperature o f two degrees Centi­

grade.
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_______ aHLSm&BMB
i w  Pevloss:

(hw o f the ob jectives o f th« study was to  ooap«rt 

the three storags d esloes with regard to th e ir  e f f i c ­

iency. flie to rs ’ efficien cy* i s  used in  th is  study to  

mean * the a b ility  o f doing what say to required o f  »  

thing** I t  i s  expected o f  s  storage devise that i t  should 

maintain the a r t ic le s  stored lit i t  la  a  fresh state*

Reuse a s t o r e s  d esloe i s  considered e f f ic ie n t  i f  i t  

keeps the vegetables fresh.

la  order to judge the efficiency o f  the storage 

dtviM ii tee Methods were usedt

( i )  Zaspeotion o f  the appearance o f  the veget­

able# stored in  the three desloes by a 

ape s i  a lly  evolved method

sad (it) Zstim ation o f  vitamin C in  osbbags a fte r

storage la  the three devises*

U ) lflw .gU 2fl ,»i M & s x w m  it Tto
4€ta-Si?tm .AgJ3«.____three flovlees.

Work and Carev (tS55)^ sta te  that the q u ality  o f  

vegetables depends upon many ch a ra cteristics -  extern al. 

Internal, physical and chemical* I t  i s  p ossib le to  

obserso sons of the external and physical oharaotoristloo  

by inspection  and judge the sta te  o f  freshness o f  veget­

ab les. Aooorflin: to Centner (1959)'* eoad ltlon s that 

keep fr u its  and vegetab les fresh and a ttr a c tiv e , u sually  

help them to retain  th eir  n u tritive value also* There-
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for* the sU U  o f froshaiu of the stored vegetables 

can bo taken a* an Indication of the efficiency of the 

storage device used* Henoe a method was especially 

evolved for the inspection of tbe appearanoe of the 

vegetables stored in the- device**

atltiiAflfUyn t f  Mm f t im l &t YraelftfrAfi Iff, ftt W r f l i
in order to siaulate hose conditions, the anount 

of vegetable* required everyday for a ftally  * f  four 

sosberot consisting of father* Bother and two children, 

a g ir l aged thirteen years and a boy o f five years was 

determined, tuelng the reeoanendatlons fbr the balanced 

diet by tbe Nutrition Advisory Goa*ittoe o f the Indian 

Council ef Medical Reeearon (1944)**® and by Swaminathaa 

and xihag&axir^igGo)^ a* ahovn in Appendix X, The aaount 

of the different type* e f vegetable* required by the 

faaily for a week was calculated, a* shown in detail la  

Appendix IX*

qf Yywife^Atig.
In order to ainlm se the differenoe* due to variety, 

handling and previous storage, the vegetables wars obt­

ained fresh once in four days from the same garden in 

the loeal ja i l ,  by the kind courtesy of the Superint­

endent*

The duration e f storage of vegetables vas fixed for 

throe days because. In an interview oonduoted in ten 

households is  Oelabatore city, the data of which arc
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g lvn  in Appendix XXI* it  was obatrwd that vegetables 

wars a tor ad for lass than thraa days la these homes*

a is is i^O J& ase*.

All tha vegetables, shown la  Appndls XI axoapt 

Cabbage and raw Aantaln vara used la  this experiment* 

alnaa la  tha tsrellmlnsry experiments* Cabbage and raw 

Plantain did not show notiesabls dlffaranoa la  tha as­

ternal appearance after storage for three daps*

The ether vegetables were divided late three app­

roximately equal lots and placed la  the three storage 

dovloss namely, the Janata refrigerator* wire-meshed cup­

board and aeohanieal refrigerator* The- rows temperature 

la tha first two davioes were recorded every throe hours* 

The control la the aeohanieal refrigerator was adjusted 

to maintain a oonatant temperature of 2*3 si nos Crowtber 

(1955)^ reoomeends a temperature range e f -0*9*3 to 

2*6*3 for storage e f vegetables* 

f  l Vegetables*

The freshness e f appsaranea of the vegetables were 

judged in relation te certain criteria such as colour* 

abeenee ef wrinkles* turgidity* -»nd state ef maturity* 

using a three-point scale score card as shown In Table 

XXX*
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TAILS n u

SC0R3 GA8D TOR JUDGITK! SRS FR33H?n!SS OF V303TA3L33.

Quality* Criteria. Soore.

Colour. Natural groan. 3
Turning yellowish green. S
Turning sore yallaviah gram* t

Freshness. Vary fresh* 3
Hot so fresh. 2
Wilted* f

Ts ode mass* Vary tender* f
Hot so tender* 2
Hard. ^ 1

Turgidity* Vary firm. 3
Hot so firm. 2
s a f t . 1

On this basis, individual sooro o&rds vara devel- 

opad for cauliflower* fosato* banns, ^raan C hillioa# ca rro t 

bittar-gourd* duotar beans, beetroot* brinjal, and 

iadie*>s fi  ngar as shown la Appaadioea XU to XI3L

A panel of five judges* consisting of a locturer 

in Foods and Nutrition* s  post-graduate student in 

Foods and Nutrition, two hoatal assistants in ehirga 

a f the preparation of foods la  tha hoatal and a  lady 

at tender, who halls from a vegetable farm, was aalaatad 

for tha quality inspection of tha vegetables using tha 

Score Cards* Tha judges adjudged tha fraahnaaa a f sag-
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•table* insediately after purchase* and after storage 

for seventy two hours t& the Janata refrigerator, wire* 

neahed cupboard and mechanical refrigerator respectively.

<**) IsUaatlon o fn ta s in  C In Cabbage After

The effloiouoy Of the storage device can be judged 

Is  relation to its  capacity for  conserving the vitasin 6 

er preventing the lose of vitasin C froa the vegetable 

stored beeause tfatt and usuog (1959) have pointed out 

that in rasearon studies on onangea in nutrient ooepoe- 

it  ion of food* the asoorbio add eon tent is  taken aa an 

Indicator of the o&aages as it  is  the nest easily da at- 

royed aaong the nutrients*

9 f frfcgllfc
From aaong the vegetable* included la the weekly 

menu, cabbage was ealectea far vitasin G aaeeeenent 

beeause cabbage is  a riot source o f vitasin 6* Further* 

Watt end 4*eung (195 ))^  state that it  is  S sore stable 

source of ascorbic acid than most other leafy vegetables* 

I t  is  quite inexpensive* costing usually about 12 to 19 

Kaye False per pound is  the Co in bat ore naricet* Moreover, 

it  is  available throughout the year in Ooiabatore*

flnM M ttttJfar ,'frfeVIft o f  kQfrfriftt ftljafcglftfti*
A fresh large aise-i cabbage van bought fros the 

sarket every day* It  was out into four sore er less 

equal wedge-shaped portions* from tip to baso* as sugg­

ested by Ideas (194)}^°» in order to include represent-



55

t llv i portions of the on tor and inner I m v m . Oho 

wedge was takeo Dor vitanin C estimation. Saeh of 

tho othor throo quarters was weighed and placed in 

tho throo storage devices* tho Janata refrigerator* 

tho wire-noshed ouphoard and tho noohanlcoi rofrig- 

orator t respectively* After T2 hours of storage, 

they wars again weighed and tho loss in weight noted*

Tho aaount of vitamin C present in oaoh quarter was 

dotorainod.

flrmftgd fog .Aaggxfcla AaU foUMltefta
for tho aaoorhio sold estimation 2*6 Diofaloroph- 

onol indsphonol Visual Titration netted. as dsserihsd 

by tho Association o f Vitamin Ohaaista (1947)^ woo 

followed. It consists of oxtrooting tho ascorbic add  

from tho food and mosoaring it  by titration with 2*6 

diehloro phenol into phenol.

U )  iiftmalib

fift, Walfflftttfrtffirtg Arttti ** aetaptesphoris add was
prepared daily ao followst Without heating* 60 g. o f 

■otaphosphorio add otioko wort dissolved in 900 ml. of 

glaea distilled water and tho solution node up to one 

litre  and stored at 5*0* whoa not in use* (On standing* 

netapboephorio add in slowly hydrolysed to orthophos­

phoric acid).

If Nttrtv«aftff£l9 A%14 The 65 aetaphoepborio

add solution was diluted further with glass distilled  

water.
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Asoorblo Acid solution. The ascorbic aold eolation 

required for standardising tin 2i6 dlohlorophenol 

indopheool dye was prepared by dissolving 30 og. of 

asoorblo aold ia 56 aetaphoephoric aold solution mod 

dilating to 100 with tha sans solvent. As thia 

aolution ia unstable* i t  waa uaad ioaed lately to staad- 

ardiaa tha dya.

ghMffl l U f a m m X  {fotojUftSt, 100 ag. o f tha 

dya wara dissolved ia  glass d istil lad water. Thia waa 

filtarad into a 100 a l. voluaetria flask and tha filta r  

waahad with email portions o f glass d1stIliad water.

Tha veluas was than aada «|  with glass dlatillod watar 

aad nixed wall* Thia waa prepared trash a vary day.

(2) Standardisation of tha Pro f2i6 PlchloroPheaolInde-
3 S L S E i f f i5 1 I
Tha atsadardlaatiaa a f tha dya was carried out daily 

ty titrating tha frash dya solution against fraahly prsp­

ar od para asoorblo acid solution.

A firs  al« aUqool of tha standard aaoorhie sold 

solution (containing ona ag. ascorbic aoid) waa dilutad 

with fla t a l. of 36 aataphoaphario sold solution. It  

waa than titrated with tha dya solution to a pink colour 

whioh par slated (or 15 seconds.

Pro faotor. Since thia soluaa of dye represents ana ag* 

o f ascorbic add* tha asoorbla add equivalent a f ona a l. 

of dye aolution ia equal to ona divided by tha veluae la  

a l. o f tha dye solution used ia this titration.
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(5) to a m U ttn  S r tn r t for 4«y4 yiU i
The pia«i to to M ilynd  woo weighed* I I

woo then quickly out Into pieoes (about |* square) within 

ooo ainute. The oabbaga woo thon placid la  tho Waring 

blonder and an « jo d  amount bj woight of titt aetaphosphor- 

io  mold solution was added* tho cabbage woo thon blend­

ed tor two minutes to yield a hoaegenoous slurry.

Atout 20 g* o f this slurry wan t ran of erred to a 

beaker eowared with a watoh giaoov which was weighed 

accurately in an anelytieal balance* the slurry wan 

then transferred to a 100 al* voluaetrls flank and d il­

ated to 100 al* with 31 aetapheephorie acid*

the diluted saaple wee then filtered through glace 

wool* The first few al* o f the filtrate  were discarded* 

(4) XlUttllglU.
A 0*01 o*e graduated burette was used, this was 

rinsed with the standardised dye solution and flllod  

to tho soro aerk* Five al* aliquots of tho filtrate  

were pipetted into four anell notched beakers* The 

dye wee added la  a fine stream to the extract* as long 

as the colour disappeared instantly* then drop by drop* 

with shaking after each drop* until a Tory faint pink 

colour appeared and persisted for about 15 seconds, 

the titration was repeated t i l l  concordant values were 

obtained* The estimation was repeated on four samples 

Of the slurry snd ths assn value o f the fbur roplioatoe 

calculated*
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U »  W| *  Weight o f U » original material la gr«M . 

Vj *  Weight Of extracting aeld used lx  graaa. 

V. •  weight of slurry taken for analyaia in

(5)

V< a Yoiune to dtieh the slurry <V.) ie  dilated
1 la  s i. 5

Y« •  YoI ixm of filtrate  taken for titration in
2 e l.

V •  Volume of dye in ml. required fer asoorhio 
sold titration*

T «  Ascorbic sold equivalent o f the dye in eg. 
per ml* of dye.

This formula, V- ♦ V9 V*
a r in » f  « i j  «  ioo ( » ■ * )

w ill give the

vitamin C content in milligrams per 100 grans sample.

(6 )

The four major precautions, namely* representative 

sampling, ooapleta extraction, prevention of oxidation 

and rapid titration* suggested by 01 liver (1942)*2 were

strictly observed*

SmakkB&x The cabbage was out fro® tip 

to base into vedge-shaped sections is  order to include 

representative portions of wrapper and inner leaves* 

fiftnaJLlit artff,agttans The eaboage was placed with an 

equal amount (by weight) o f 6% oataphospborle acid and 

ground for two ninnies in the Waring blander* After 

grinding for one minute* the blender was stopped sad 

any bits that might be sticking to the walls of the
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fclendor pushed down and the M U ria l ground again fbr 

ana minute aore*

Prevention of Oxidation* Water radlatlllad in a glaae- 

dietili&tion apparatus van used for making 09 solutions 

and far rinsing a ll glassware. The extractant usad was 

d£ aetaphoapheris sold* Tha chopping at tha cabbage as 

sail as tha praparatisn am weighing of tha slurry wars 

dons as rapidly as possible*

Hajld Titration* Dm titration was completed la  ons to 

two sinutas.

(b ) ^rooadura For Accessing Tha Convcnleiioa 
sit lbs storage Parises*

Two important fastors whloh deteraihw tbs ooaveni- 

snoa af a storage dowloe are ite  storage capacity and 

tha tiaa involved la  cleaning.

Henoe first* the storage capacity a f each of tha 

thrsa dsviocs was aaaaaaad in relation Is tha quantities 

Sf vegetables required by the fanxly for a  waak* Roots 

end tubers* auoh os potato* sweet potato* yam and sals* 

eaaia wars not plmoed in tha storage devioas, as thay 

raaain good avsn at 100a temperature* Seoondly* tbs 

tiaa taken to clean tha thraa devioea was recorded. far 

tha wire-meshed cupboard* tha out aids and shelves wars 

duatad and tha lining papers renewed* Tha Janata refrig­

erator wan dismantled* each part washed wall and dried in 

the sun. The mechanical refrigerator was switched o ff 

sad the door le ft open* Tha tiaa taken for defrosting
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v m  noted. Then iht outside van dusted well and the 

interior wiped well to remove a ll the Moisture* The 

detachable shelves were taken out* washed end wiped 

dry* The freeser coMpartmont trays were also cleaned 

and wiped dry* The frequency with which the meehanio- 

al refrigerator ia  cleaned in households was also taken 

into consideration*

(• )  AtwmUffK V m . ,S M & J m X M LIn flos Uaa of Tbs Three 8 ter ass Dovioos*

As equipment ie oonaldered eeonoaloal when the 

in itia l outlay is  reasonable and the operational cost 

noninal* Therefore the relative eoonosgr of the three 

storage devices wae determined os the basis o f the eost 

of purchase, cost o f operation end the reduction In ex­

penditure en Marketing trips.

itt iilfi .gftat it .yrt » f t t
First* the oost ef purchase o f the three devioes 

was noted* The In a ta  refrigerator and wire noshsd 

cupboard do not have any operational costs* whereas 

the seehanioal refrigerator* running on electricity* 

involves soae eost In operation* Therefore* ia the 

ease o f the ssohanloal refrigerator* the operational 

oost was also takes into account*

&a£i£«li9flL&t-U
The duration for whieh the ntorago device keeps 

the articles is  a fresh condition is  o f importance in 

determining the eoonony in its  use* A device that
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keep* articles stored is  *  fresh condition for a long 

period saves the tine and money that the honsmskor has 

to spend on marketing trips*

St was found in the study that the vegetables 

stored in the Panada refrigerator step fresh for three 

days* Vegetables oan he kept fresh in the ecohanloal 

refrigerator for a week* whereaa the vegetahiee stored 

in the wire meshed ouphoard start wilting by Me seoond 

dey of storage*

I t  was therefore assented that a hoaeaaker who 

possesses a aeohanical refrigerator goes marketing 

onoe a wook* Thin fast wan oonfirasd be^intorrlewn* 

Households using a Janata refrigorater nood to buy 

vegetables twloo a weak and those using wiromeehed 

suphosrds daily* therefore the expense on marketing 

for eaoh trip end the total expense in a month was 

ealoulmtsd*
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XT. 333UI23 ABB DI3CU3SIQHS.

The results and discussions that follow cover the 

three criteria, vis*, efficiency, oonvenieaee sad econ­

omy, hy which the suitability of the Jan at a refrigerator 

was studied.

(*> fitmUfim-.frf m m  atrtgnii
U ) Inspection o f the Ap^esrsace of__TsgstsM.es After

botmti <*i ift.tft* iCftrui m m s
The relative superiority o f the three devices with 

regard to the appearance of the different vegetables 

stored la  thee is  discussed below**

QsMjliflowfr.

table XT shows the total scores glvtot* for eaull* 

flower after 72 hours of storage la the three devices.

TABLS XT.

IOTAh SCOtiSS FOR CAUUFLGVSa AFT SR 3I01AG8 FOR 72 HOURS
XH THE THRSS D2TIC33*

Replicates. KcChaaiosl
Refrieerafter.

Janata Ref* 
rixerator.

W lrt'diiiBi
ouobsssd.

1 45.0 35.0 32.00
2 40.0 56.1 34*40
3 43.0 35.0 32.00
4 45.0 35*0 30.00
f 40.0 35.0 30.00

Mean. 41.8 35.2 31*63

F •  56.11 F <*01 B.01 *  %° °  -
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The results were statistically analysed to find 

tha F ratio . |snadeeor O f**? 5 explains that F is a ratio 

o f tbs varlanoss between the sxperirental variables and 

within replicates. I f  ?, tbs probability of its  eosurr- 

oaos by chance, is  loss than 0*01* It indioatos that ths 

diffsrenoos obtained in the sxpsrinsnt as a whole are 

very sigairiM at.| Is  order to find oat which o f the 

differeaoes between ths three Beans are significant* tbs 

' t* tsst was applied using the asthod suggested by 

dorrstt (1558)^. In this aethod* the standard arror 

for the data presented in each table ms sul tip i led by 

the relsvant *1* and tin minimum difference required 

for eignifleenee was established.

As shown in Appendix X I B ^ f e r  cauliflower is  

3.00. Henee a difference greater then 3*00 between any 

two s f ths throe nsans is statist ioally very significant.

It  oaa be seen fron Table IT given on pegs 62* that 

tha naan s f  ths sssrss given to Oauliflower stored in 

ths nsehaniosl refrigerator is 6*6 sore than tha naan 

Sf the scores given to cauliflower stored is  the Janata 

refrigerator* which la  turn la 3*32 aore than tha seen 

score Sf the oeuliflower stored in sirs noshed cupboard. 

AH there differences are greater than 3*00, which is  

the Blnlsua required for elgnifloanee at one per rent 

level.

Henee the aechanioal refrigerator ia  vary sign lfle- 

antly auparior to the Janata refrigerator and wire-noshed
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cupboard} the Janata refrigerator la also very signif- 

ieaatly superior to the virc-aashed cupboard ae regards 

the appearance of onuliflovcr stored ia it*

Table I  shoes ths soores given to tomatc after 72 

hours o f storage is  tho three devises*

TA2LS f .

TOTAL SCOSSS FOR IUHATO AFTSH 72 HOURS OF STORA03 IM THS
TU3SS BSYZCSS*

Kepi1cates. Heehanieal
refrigerator*

Janata
refrigerator*

Wire meshed
cupboard*

t 72*5 72.5 70
2 75.0 72.5 70
3 ■ 75#® 72*5 ^  ’ 70

Mean* 74.1« 72.5 70

Jf * 20.46 F^Q.OI 2.01 -  * • » 24105 *  , ' 6S

Analysis o f variance (vide Appendix 117) reveals s  

significant T ratio* Both the neohanieal refrigerator 

and Janata refrigerator are significantly superior to 

the wlre-nsshed cupboard, as regards tho appearance e f 

the tomato ;and tho neshanieal refrigerator is  very signi- 

floantly ouporlor to tho Janata refrigorator*

It  was aotieed that tho tomato stored ia  ths trire­

me shad ouphoard lipned earlier than those stored la  tho 

ether two devices*

2tsafe
Table 71 shows the total soores givei to beans after 

72 hours e f storage to the three devices.
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XABL3 71.

total scokss for ausa m m  72 houbs or stohaos j i  ms
TUR3S D3YICBS.

Replioates* Mechanical
refrigerator*

Janata
refrigerator*

Uire-aeahed
cupboard*

1 75 70 50
2 70 65 50
5 10 63 48
4 65 60 43
1 75 70 50

Mean* 71 65*5 48*2

? m 46*91 F <0*01 b. oi ’  I ; * >.05 “  * • «

9a statistical analysis* the F ratio Is  found to he

scry significant# as shown is  Appendix XVI* Both the 

aaobaaleal refrigerator and Janata refrigerator are eery 

slgnifioantly superior to the vlre-oeahed cupboard as 

regards the appearanee of beaasi while the aeehanioal 

refrigerator is  slgnifioantly superior to the Janata 

refrigerator*

Orson Chillies*

Table Til shove the total eooree given to green 

ehllliee after 72 hours o f storage in the three devices*
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TAILS n u

TOTAL 3<X>R*3 108 OSSSS CHILLIES ATT&t ft 8008S Of STOftAQl
18 fg£ TH8SS B3TICSS.

Replieates. Meohanloal
refrigerator.

Janata
refrigerator-

VIre-noshed 
oupboard.

1 40 38.5 28.3
2 42 38.3 33.3
3 44 41*3 38.8
4 45 44*5 33.8
9 49 41*3 33.8

Neon. 43.2 40.18 33.28

P «  17.59 l*<0.01 D.01 -  5*17 ».0S *  %<8

Oa statistical appraisal, the I  ratio* Is found to 8s 

highly slgnlfioantt as shown is  Appendix X7IL The d iffe r- 

ease between the appearance o f green ch illies stored la  

the aeehanieal refrigerator and Is  the Janata refrigerator 

Is net etatistleally significant. Beth the nschan leal 

refrigerator and the Janata refrigerator are found to bo 

eery significantly superior to the wlro-asahod cupboard 

as regards the appearance o f the green chillies stored in 

than*

It  was observed that the green ch illies placed is  the 

wire-aeshed oupboard ripened earlier (turning red) than 

thoaa stored is  the ether two dsviose.

Table f i l l  shows the total scores given to carrot 

after 78 hours o f storage is  the thro# devices.
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' TA3L2 T O !.

TOTAL SOtHSS TOR CAHOOTS ATT SR 72 MOORS Of STOIA02 IS
THE THREE D2TIC33.

Replicates. Meohanloal Janata 
refrigerator, refrigerator.

Wire-cashed
cupboard.

1 45.9 38.5 50.0
t 40.0 59.4 28*5
5 43#8 59.4 25.0
4 48.0 35.0 25.0
5 45.0 44.4 29.4

Mean. 45.76 59.3 27.54

f  a 48.28 K  0.01 0 ^ , -  5.25 » .05 “ 5*71

On statistical analysis* the t ratifc Is  found to 

bo vary significant as is  Shown is  Appendix XYIL Both 

tho aeehaaloal refrigerator and tho Janata refrigerator 

art found to bo vary significantly superior to the wire- 

■ashed cupboard as regards the appearanoe of the carrot 

and the aeehaaleal refrigerator is  significantly superior 

to the Janata refrigerator.

U tter Qourd.

Table IX show? the total scores given to bitter gourd 

after 72 hours o f storage in the three devioee.
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TABLB IX.

TOTAL SCG12S fOU 3ITT3R OiHlRD AFT1SR 72 H0U3S OF STORAOB
XX XUg TUBBS DSTICBS.

Rsplioates. Hsobanioal
refrigerator.

Janata
refrigerator.

Wire noshed 
oupboard.

t 35.00 15.00 0
t 40.00 36.65 25.00
3 34*40 31*10 2B.30
4 34*40 30.00 24.40
9 40*00 35*00 25.00

Moan. 36.72 29.55 20*54

F< .05 D
i.01 - 17*8 ® ,05 “  , **t5

Os statist load «ud|«ii|  tbs F ratio is  found to 

bt significant beyond f lv i  jmr osnt l«V8l( as shown in 

Appendix XIX • Tbs difference is  appearance between 

tbs bit tor gourd stored is  tbs aeshsnieal refrigerator 

and donate rsfrigsrator* and that bo tvs on tbs bit tor 

gourd storsd in tbs danata rsfrigsrator aid vtre-soshcd 

cupboard aro sot statistically significant. However it  

vaa aotiood that tbs bittsr gourd placed is  tho wlre- 

ssahod oupboard begat? to ripon on tbs assond day, while 

that piaosd is tbs danata rsfrigsrator did not ripen. 

Tbs Bsshanioai rsfrigsrator and tbs danata refrigerator 

were found to be significantly superior to the wiro­

se abed oupboard as regards the appearanoe of bitter 

gourd.
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SteHto* Mi*m+
Table X shews the fatal scores given to eluster 

beano after 72 hours e f a to rage la the three devices.

TABLR X.

TOTH. SCORES 0IT3K TO CWSTRR BSA1I3 AFT SR 72 HOURS OF 
SfORAO* IS THS TH8SS 03TICSS.

Replleates. Hsohanteal
refrigerator*

Janata
refrigerator.

Vlre-neshed
cupboard.

t 49*00 41*69 96.69
2 91*90 49*00 42.00
9 99*00 49*90 38.00
4 99.00 99*90 49.40
9 90*00 49.00 ^ 39.00

Mesa. 92*00 47*69 41*01

F s  4*92 9 <0*09 ^ 0 1 -9 .5 5  » ,05 - ‘ *798

9a statistical analysis* the F ratio la  found to 

be significant beyond flee per oent level, as shown la  

Appendix XX* The dll ffore nee la  appearance between 

the oluster beena stored la  the aeohaaleal and isaata 

refrigerators* and the difference between the appear­

ance e f oluster beans stored la  the Janata refrigerator 

and wirs-oeehed cupboard were not found to be statist­

ically significant. The mechanical refrigerator was 

found to be eery significantly superior to the wire­

asoned cupboard as regards the appearanoe e f cluster 

beans stored la  it .

Table XI shows the total scores glean to beet root
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•tortd for 72 tours in the three storage devloes.

TAJL8 XI.

total scua ̂ 3 ioa mm boot aftsr 72 roubs or siokaob
ZB Stl THBB2 DgflCXS.

Replicates. MeOhanleal
refrigerator.

Janata Vlre-neShsd 
refrigerator, cupboard.

i 40.4 39.0 23.0
2 44.4 43.3 33.3
3 44.4 42.2 39.3
4 44.4 43.3 33.3
5 3B.0 36.0 31.0

naan. 42.24 40.76 32.18

F •  10*4$ F<0.01 D.01 ■ T- as -?.05
e

a 9.19

Os statistical analysis* the 7 ra ils  is  fbuad to 

he significant s i one per sent level* as stows in 

Appendix x x i .  The difference in the appearance s f  

beet root stored in ths neehanleal refrigerator and 

In the Janata refrigerator la not found to be aignif- 

isaai. The neehanleal refrigerator and the Janata 

refrigerator are very slgnlfloantly superior is the 

wire-noshed oupboard ns regards the appearance s f  

beet root stored In then.

The eptlaun storage tenperature reooaaandsd hr 

The Central Feed Technological Besearoh Institute* 

Mysore far brlnjals is  8.5*0 is 10*C. Bui in this 

study the aeehaaloal refrigerator was adjusted to



71

aaintaia a temperature o f 2»C. Therefore* that teaper- 

•tore was not suitable for storing brinjal* Consequently 

the briajals stored in tbs aeohanieal refrigerator did 

not keep la  good condition. Tbs stalks beoame dry and 

there won black narks on ths skin.

Henoe* only ths snores for ths brinjals storsd in 

ths Janata refrigerator and vire-aeshed cupboard* given 

in Table ZU9 wore oonpsrod with sash other*

TASL3 XIX.

total acomt m t istisjALs storbd w m  1 2  hours is  thb
JASATA amiOEKAToa ASS Wlrtd-SSSHSD CUPBOARD.

Replicates. Janata
refrigerator* outboard.

1 69*3 57*3
2 63.0 55.0
1 70*0 65*0
4 69*9 65.0
3 63*0 55.0

Mean* 67.8 59.5

W *  10.49 9 < 0.03 % m j f m 3*24

On statistical analysis* the f  ratio is found to 

bo wary significant* as is  shown in Appendix XXII.

Ths Janata refrigerator is  found to be signific­

antly superior to ths vire-aeshed cupboard as regards 

the brinjal stored in it*  

toritgi;Tlaaox.
The optima storage temperature reooaaended by Ths
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Central Food Technological Rssaaroh In tiilu tti Rya>rt^ 

for Indian finger is  6*C to 10*C* So too Indian finger, 

idian a to rad at 2*C Is  tha oschanloal refrigerator did 

not keep good. Therefore* only the aooree glean to the 

ladies finger stored la  the Janata refrigerator and those 

stored la  the sire sashed cupboard, ns shown la  Table 

XXII* were oospared*

TAILS XXXI.

s c m m  FOR LADIES FW0S8 AFT&1 72 HJUH3 OF ST0HA03 XI THE 
JAIATA gtSFRIOStATOI AID VI iS-M3SH8D CUPBOARD.

Replicates. Janata
refrigerator*

iire-aeshed
cupboard.

t 46*63 ' • 33*00
2 46*00 32*00
3 43.00 30*00
4 46*00 32.00
5 46*00 32.00

Mean* 45*93 32*30

f  •  243*6 2 < 0*01 t • /? -  5.56

On statlstiosl analysis* the f  ratio is found to he 

eery significant* as Is  shown la  Appendix XXX& The 

Janata refrigerator Is  found to be eery significantly 

superior to the wire — shad cupboard as regards the 

Indies finger stored in It*

To suaanrioe* there is  a differenoe in the appearance 

of the vegetables stored for 72 hours la  the three devices. 

Table XIY shows the details.
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tiM panel of judges observed that* in general v 

the vegetables stored in the Janata refrigerator 

regained in a better oo aft it  ion than those stored in 

the wiro-neshcd cupboard.

t f  WgjWit
^AV>XJM9,
a«l«-«8s.

<*) i t

Table Zf shows the asoorbie aeid oontent and the 

peroentage loss o f ascorbic aold in oabbags after 72 

hours of storage in the three devises. Details o f the 

calculations are given in Appendloes&Y to XXVI.

TABL2 XV.

ASOJRftlC ACID IS CASSAC2 AFT SR 72 HOURS Of SfOgAOS Iff
TH3 T!ffl£5 D3YIC3S.

Ropiio-
ales.

In itia l 
anount 
in ng.

Meohanieal ref­
rigerator*

Janata refriger­
ator.

Vire-noshad cup­
board.

Ascorbic 
aeid in 
ng*

Peroeat- Asoorbie Percent­
age b a . aeid in age lose. 

■5-

Aacorblo 
acid In 
ng.

Peroent­
age loan.

1 44.90 41.51 6.72 40*00 10.11 96*10 18*88
2 49.96 47.17 9*62 42*94 13.90 57.91 29*40
9 99.97 49*76 7*80 44.65 17.90 99.53 26.80
4 90.00 46.93 7*24 42.41 15.18 97.75 24*90
9 47.99 44*99 7.90 38*99 18.75 92*63 92*01

As can be seen iron the figures in Table XV* the

piece of cabbage stored in the eeehanioal refrigerator 

shoved the least loss ranging froa 9*4 to 7*3 per sent# 

after 72 hours.

The piece o f oabbege stored in the vireaeehed aup* 

board suffered the merluai loss* ranging froa 18.9 to
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52*9 ptr cent.

For the pieoe o f cabbage stored la  tho Janata ref­

rigerator* tho loss of asoorhio acid ranged froa 10.1 

to 18«3 par rent* ooalng la  between the looses suffered 

by the cabbages stored la  the aaehaniesl refrigerator 

and vlrsasshsd cupboard*

fable XVI shoes the average psroenta-js loss of 

asoerbie sold*

TABLE XTI.

M1AX PStLQ&HIA0g LOSS m  ASCORBIC ACID 18 CABBAG8 AFT3R 
72 HOURS OF 3T0HA08 18 TH8 THRW DSVICSS.

Replicates
itaroent loss or Asoorhio Aoid la ossssgs

refrigerator.
Jeasts 

refrigerator.
Wire-seabed 
osphoard..

9 5*72 90*19 18.88
2 5*62 15*30 25.40
5 7.80 17*30 26.80
4 7*24 15*18 24.50
5 7*50 18.75 52.01

Mesa. C 5* l5*s4
P^o.01

This percentage loss of ascorbic sold la represented

la  Figure 91*

The results vers statistically analysed as shown la  

Appendix XXVII. The F r*UO is  found to be highly sign!- 

fioent* The f t* test for reliability  » f  the differences 

betveea the aeana was applied* using the Method suggested 

by Guilford (W 6 )* 6 Xt Is found that the difference in 

the loss is  aeeorblo acid inourred by cabbage stored fbr



"Percentage lo ss  o p  a sco r b ic  A cid  in  c a b b a g e

M. shored m TnecbaTtfcal refvicierafar
T .  s to re d  m  'J a n a + a  re ^ -rc ^ e > a tc 3T

W - Stored in  Loire-rmĉ h<td <?bjoboa.rd
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72 hour* in the thro* devices are vary algnifioant* 

It is  found that the retention of vltaaln C i «

lowest In the aabbage stored in tho vire-oeshed cup­

board* while it  is  the highest in the mechanical 

refrigerator* The retention of vi tesla C in the cabbage 

stared in the Janata refrigerator is  iateraedlate end 

there is  a signifies at difference between this and the 

retention of vitamin € in the cabbage stored in the 

wire-asahed cupboard*

U U ) irtaa o f Moisture*

Table XYXI shove the percentage less of weight of 

eaboege stored in the three storage devices. The per-e
eentage of loos in weight la duo to the loss of aolst- 

ttre« which is  an indication of the aaount of wilting 

undergone by the vegetables*

TABLE XVII*

jPSSSXaTASS I#)33 IB W S tm t OF CA33AQM STOĤ D IS THE THRS3
B5VICSS FOB 72 HOUBS.

fteplloates* Mechanical
refrigerator.

Janata
refrigerator.

Blre-aeshed
cupboard*

1 14*4 10.3 29.1
2 11*3 0.2 26.0
3 10.0 9.6 47.7
4 10.9 6.8 23.4
5 11.1 8.3 22.5

Mean* 11.7 8.64 29.74

These results are represented in figure 12* 

From Table XVII it  can be seen that the weight
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FiGû e. i-Zy.
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loss was aaxiauxa is  the oasa of the piece of cabbage 

stored la  IKe vlre-eeehed cupboard* varying froa 22*5 

par coat to 47*7 per cent*

Next la order ooaes the percentage Io n  in wight 

of cabbage stored la  the aeohanioal refrigerator* the 

percentage ices ia wight ranging froa 10*8 to 14*4.

It is  significant to note that the piece stored 

la  the Jaaata refrigerator had incurred the least 

voight loaa* the percentage loas la  wight ranging 

froa 6*8 to 10*5*

These differences ia  the loss of w ight aay be
*

interpreted as bearing a relation to the teaperature
e

maintained ia the throe device a* Figure 15 show the 

room teaperature and the temperatures maintained ia  

ths three devices.

The differences between rooa teaperature sol 

teaperature in ths wire-eeshed cupboard are shown ia  

Table m i l .
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TAILS XVIII.

sifm ^iss MmtMEM mm immuium (zm nmums csmti-  
gradb) Am tmmiAttmM (is  assa il cshtiobads) m tms

sias-ttiSHisD w s w z a w *

nee*
Kooa

teeperature.

Temperature 
in wire- 
sashed cup­
board.

Difference.

8 *.*• 24.25 24.00 -  0.25
7 24.50 24.00 -  0.50
8 24.00 23.75 -  0.25
8 24.50 *3.15 -0 .75

10 24.T5 24.25 -  0.50
11 *5.15 25.75 0
12 28.00 26.25 . ♦ 0.25
1 p.a. 28.00 27.00 + 1.00
2 26.00 26.50 ♦ 0.50
3 26.25 26.25 ♦ 0.25
♦ 25.75 26.25 + 0.50
3 28.50 28.50 0
8 26.00 26.29 ♦ 0.25
7 28.00 26.25 ♦ 0.25
8 28.00 28.00 0
9 26.00 28.00 0

10 25.50 25.50 0

An analysis of the storage temperature la the wire- 

meshed cupboard, as shown in Table XVIH rare ale that

in the eeuree of the day, it  fluctuates slightly shore 

and below the rwm  fcaaporature. this flue tuaties nay 

be attributed to the respiration taking place in the 

cabbage*
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tha oontrol to  tha aeonaniaal rafrlgarator was 

adjustad *ucht that to  naintal nad a  oonatant taapar- 

atura a f  2*8* Hanaa* the paraantaga lo s s  la  aueh 

Xowar to  tha piaoa a to rad to  tha aa chant cal ra frlgar- 

.to r , than to  that stored to  tha wlra-naahad cupboard.

Tabla XXX ahowse tha d ifferen ces betoaan room 

taaperature and temperature to  tha Janata refrig era to r.

TABL2 XIX.

b i f f m z x Q C i  &3T * m i m *m  ( i x  b s q h s s s  c ^ n -
ORAPS) AMD fiMmtATOSS (18 D308333 SiSTIQRADE) IS JAIAXA

R:-omiosRAToa.

tto a . Room
taaperature.

Temperature 
to  Janata 
rafrlgarator.

Diffaranea.

6 a. a . 24.2$ 21.00 -  3.25
f 24.50 21.50 -  5.0
8 24.00 21.00 -  5 .0
3 24.50 20.75 -  3.75

10 24.75 21.00 -  3.75
11 25.75 21.00 -  4.75
f t 24.00 21.25 -  3.75

1 p .». 26.00 21.75 -  5 .2 9

2 26.00 21.50 -  4.50
3 26.25 22.00 •  4.25
4 25.75 22.50 -  3 . 25
$ 26.50 22.25 •  4.25
6 26.00 22.25 -  3.75
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 -  5.00
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From Table XXX* It to found that the temperature 

in the Janata refrigerator haa been w  an average 53*6 

lower than that e f the room temperature. Xt la observed 

that in the course of the day* the dlfferenee between 

the room temperature and the temperature im the Janata 

refrigerator la  mart wee when the relative humidity e f 

the atmosphere in the room is low, usually from about 

It  neon to 3 p.m. Append lose XXVIH he XXXIII show the 

variations im the relative humidity, room temperature, 

the corresponding variations in the Janata refrigerator 

and alee the temperature in the wire-meshed cupboard.

It  is  Interesting to note that the percentage loss 

in weight of the piece stored in the Janata refrigerator 

ia lowest, is  spite of the faet that the temperature in 

the Janata refrigerator is  higher than that is  the mech­

anical refrigerator* This can bo explained as due to the 

high huaidity built up inside the Janata refrigerator.

IM s percentage lose of weight 1 near red after three 

days e f a tor ago, was statistically analysed as shown in 

Appendix XXXXT.

The difference in the percentage loss s f  weight in 

cabbage stored to the three devices is  found to be very 

significant. The * I* test tor re liab ility  e f differences 

between the aeons were applied, as shown to Appendix 

XXXIV and tound to to significant. The retore, there is  

a significant difference between the lose to weight ia*  

eurred by the cabbage when stored to the three devisee.
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(b )

I I  was found that there is  adequate spsos to 

storo tbs vegetables required by tbs fsally  for a  

week la  tbs asohanloai refrigerator and wlre-aeahed 

oupboard. Tbs Janata refrigerator obossn for this 

study aeooaaodates tbs wags tables required for tbrss 

days, as shown in lahlss XZ(a) and IX (b).

TABLE XX(A)

AMOOST or VdQiSTA8S£S <̂ QUISSD FOR T8B TlHST TiiBdS
DATS m  TBS W2BK.

dsns o f vegetables. Quantity.

Bitter 0»urd. t asdiua else.

Ladies finger. 6 •

Carrot. 3

Boot root. 1 •

Cluster beans. 1/8 Lb.

Toosto. 1 aedlua siss.

Cauliflower. 1/4 Lb.

arin ja l. 4 aediua siss

Cabbage. 7/8 Lb.



TABLE XX(b).
AMOUVT OF TSSST/UHkSS REQUIRES FOR TBS RSXT THRU OATS

lane e f vegetables* Quantity*

Beet root* 1 aediua sise.
Beans* 10*$ Os.
$arrot* 1 aediua. else.
vaobage. 7/8 Lb.
firing al. € aediua. si so.
Ladles finger* 2 aediua also
Toaato* 1/4 Lb.
Raw plantain* 1 aediua sise*

As pointed oat earl ier» the toMaaictrt store 

vegetables for less than three days* Henoe, this 

Janets refrigerator is  adequate is  sise for a fsally  

of four m  abere.

Table XXX stove the bias in ainutes to olean the 

three storage devices.

TABLE XXI.

TIKI (I *  NimJTSS) TAKER TO CDSAI TRS TlffiJS 3TORAGE
S3VICB3.

Replicates. Vire-aeahed
cupboard.

Janata
refrigerator*

Meehaaioal
refrigerator*

1 1*00 3*00 22*50
2 1.00 *.75 22.58
3 1.00 5.25 22*00
4 1*00 3*46 *1*75
3 1.00 3.14 23*08

Mean* 1*02 3*06 22.38
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Ttqu Table XXI it  is  found that of I ho thro* 

storage devices* cleaning the vireaeshed cupboard takes 

tho least ti«e t M it In ordor comes the Janata re frlg - 

orator and than tho tudiaaioal refrigerator.

However* while calculating tho tine required to 

dean the devisee* the frequency *ith w)lloh each dovloo 

noodo to ho cleaned ohould also bo taken into consider­

ation. Honoo tho tlao required to dean tho device* in 

one week was calculated.

Table XIII shove tho tine required in a week to 

olean tho throe devioes.

TABLE XXII.

TIME REQUIRED IB A W83K TO 0L3AB THE THREE D37ICJ5*.

Storage device.
Tine in kin. ihreqqenegr 
for each of olean* 
gleaning.____ in*._______

Tine in kin. 
needed in a 
week.

Viroeuahid
oupboard.

1.02 7 7.14

Janata refrig* 
arator.

5.06 2 6*12

Mechanical 22.38 1 22*38
refrigerator*

From Table XXII* it  in soon that there is  not nueb 

difference between the tine taken for eleaning the wire* 

noshed cupboard and Janata refrigerator* However» the 

neohanical refrigerator requires nor* than thrloo tho 

tin* necessary to olean tho Janata refrigerator.

Thus9 in tho course of a week* the cleaning tin* ie  

the least with tho Janata refrigerator. Slnoo tho time



rr

fro tar is  important in home management, the Janata 

refrigerator la  vary suitable for tha homemaker.

(• ) xLAtm.

Tho purchasing ooot o f tha thro* deviass, namely, 

wlre-meehed oupboard# Janata refrigerator and meohanie- 

l i  refrigerator wan noted. Table XXIII above the iwroh- 

wiRf «oate of the three devices.

TABI»3 m i l *

COST OF KTHCHAS1 OF TH8 THR38 8T0RAQM PgVICSS.

tfire-menhed 
M  eapboard*

Janata Mechanical 
re fr ig e ra to r* re fr ig e ra to r*

Cost in Rupees* 20*110 1.9 ’ 1290.64

Approximate ra tio * t 9*00 69*0

Thus, it  Is  aeon from Table m i l  that the Janata 

refrigerator is  the leaat expansive o f the three devices 

and within the means of the majority of people among the 

poorer elassee.

There ie so operational ooat far the vire-«eshed 

cupboard and the Janata refrigerator. The Operational 

ooat o f the mechanical refrigerator was calculated ae 

frllowst~

The wattage of the equipment is  992* As the motor 

runs frr tea hoars In a day, the current consumption is  

992 *  10 a 3320 watt hours or 9*92 units* '.Therefore,



calcu latin g a t tha rata o f  tan Maya Paisa par unit* 

tha sparatlooal oust amounts to 39*20 a? par day*

an,
iioaaaakaro using vire-asshsd  aupboard ha vs to  

buy vsgatab lss d a ily » thoaa using tha Janata r s fr ig -  

arator naad to buy fcvioa a  vault and thoaa using 

aaehaaioal rafrigorator oaoa a vault only*

Pros an in terviav  o f  houaaholds in  <-erianaioken- 

palayas, a  v illa g » 9 11 s i l a s  froa Oolmbatora* i t  vaa 

gat he rod that tha conveyance ohargas for uadi narkst- 

ing tr ip  aaounts to Hupaa ana* On th is  basis» tha 

axpanditure on marketing tr ip s far thaaa households, 

i f  thay vara to uao sash out o f tha storage davioao* 

vaa aaloulatad ao ahovn in  fab le XXIV*

TABL8 XXIV*

IXP8JHHIURB 0* MAHK3TIH0 V8IP8.

Storage devioo used.
Frequency o f  
aarkoting in  
a month.

Conveyance 
charges par 
month.

to*
Vireasahed cupboard* 30 30
Janata refrigerator* 9 9
Mechanical refrigerator* 4 4

i t  io  aaan from fabla XXIV that tha sarkating coat 

i s  highest i f  tha hoseaakars uaa virt-nsaned cupboard

and tha leva at fbr those using seehanioal refrigerators  

to atora vagatabloa*

Io sun up* tha boat o f  purohaso o f  tha Janata r e f-
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rlgerator la the lowest of ths three devices, and It  

dost not Involve any exponas for maintenanoe and oper­

ation. |f the hoaemaker uses the Janata refrigerator 

the expenditure on narteetlng trips would bo loeo than 

that lnvolvedt I f  tho bootmaker vero to use the wl re­

settled oupboard*

r

>
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7. aUMHARI A!!D 00HCLU5I0H,

The hoaeaaker needs *  ila? l« and Inexpensive devise 

for storing vegetables is  the hone* Therefore,the suit­

ability of the Janata refrigerator as a staple device
*

for hone storage of vegetables was studied vith refer­

ence to effioleney* oonvsaienoe end eoonosy* The results 

shoved that -

1* In general* a ll vegetables regained is  a better 

eonditioa in the Janata refrigerator after 72 

hours of storage* than when etored is  the wlre- 

neehed cupboard* as revealed by the soores 

awarded for the quality of the vegetables on 

inspection* The ripening of grew ohillios and 

bitter gourd wan delayed when Stored in the 

Janata refrigerator*

2* The lees of asoorbis acid was smaller in the 

cabbage stored in the Jaunts refrigerator than 

in that stored in the wire-meshed cupboard*

1* The Janata refrigerator used in M o  study is  

adoqusts in also to store the vegatables re­

quired by a family of fbur members for throe 

days*

4* The cleaning procedure for the Janata refriger­

ator io simple* zt involves only d#16 ainutes 

per week for cleaning it* twioe a week*

9* The Janata refrigerator is inexpensive* No 

additional expense is  required for aalntenanoe 

and Operation*.



Thus from the data available* the oonclusioa is  

reached that the Janata refrigerator ie  more suitable 

for home storage of vegetables than the wire-eteehed 

cupboard* The meehanleal refrigerator Is Indeed 

superior to the Janata refrigerator* tut si nee the 

Initial sent is  high and it  requires the supply of 

gas or electricity for its  operation* it  cannot be 

used by many families and also in those parts of 

India* where gas and electricity are net available* 

lienee the Janata refrigerator is reeommendod for 

storing vegetables as an aid to better home management#
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AKKENDIX l

DAILY REQUIREMENTS OK VEGETABLES KORAA FAMILY UOJSIST IN G 
OK TtuS FATHER. MOTHER AM) TtfU CHILDREN, A GIRL AGED THIRTEEN 
YEARS AND A BOY AGED KI7E YEARS.

Requirements la ounces

Items ‘ Father*1t i 
• i 
i

Mother*1t
i

— i

13 Ir. 
old 
girl**

*5 Yr.
1 Old 
| boy**

•Total•
»

Green leafy veget­
ables.

4 4 4 ’ 2 U.O

Roots and tubers. 3 3 4 * 10*5

Other vegetables. 3 3 4 * 10.5

* Health Bulletin No.23, Page 16.

#* Swaminathan aad Uhagavan- *Our Pood*, Page 71, 73.

Vi



AJW 3ND IX 111.

PHSUMIHAKT IHT3RVISVS WITH THU H0US3H0LDS*

Duration of atorago of Togotabloa* Ho* of houooholda.

Qno day*
•

f

Two days. I
Throw days. 0

VIH



APrm > 1 X  IV

s JA8E roa (jA0 un*ot«8 a

quality Criteria Soore

dtltt 3

Colour of Turning areaaldt t
tho head

Bro*nl»h

iM11•Ca

AlMMItM Of 
409*7

ss

Ifo dMajr

Boginning to  da s ay 

D 9a7K3

Fresh
4H> PP 4|P dp. ^  4
Slightly vllted 

<#llted



jr^jxDix ?

sjotai aABD yoa tokato

Quality 3rit*ria So ora

feyy glossy 9

Skin Sot so glossy 9

Sot at a ll glossy 1

Intaot 3

Baginning to fop taro . 8

Jraokod 1

Ipaan 3

Colour Turning rod 9

Bad 1

fory lira 3

Targldity firs 9

Sot fim 1

So deoay 3
Absanoa of 

dooay
A lit t le  

Steoayod

3
• ~



Al'i'&ID.U VI

j4aD eQA B£A*a

Quality 3flt« rla Soore

Qrsan 3

3oloor Taming yellowish g m n  
Mora yellowish green

8
1

Fresh 3
Freshness Rot so fresh 

Jilted
9
1

•
7ery fIra 9

Turgidlty Rot ao fire  
Soft

8
1

Very tender 3
Rot so tender 8

Tenderness
Rot Render (h-urd) 1
Snd snaps raedlly 
Rot so nod lly 
Does not snap

3
a
l

XI
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&jqr& r m  otuga

jo llity Jifiierle s.*OT9

Fresh
# * « * * * « !  

Freshness Ret so fresh

mterf

natural green
m «

Jelowr Beginning to ripen 

Ripened

Absenoe of
decay

Ho decny

Beginning te deosr 

Decayed

X  I '



APr&MDlJL t i l l

ZJJRJ JAHD eiM JAAHOT

qn* lltgr J r ita r ia  Saar*

Frash 9

Frashnaas Slightly vrtnklad 8
m - m m m m m m m m m m - r n m m
Midcltfl 1

Colour

Intanse oranga 

Bbt so bright
m m m  m m m m «
null

Vary f ir a  3
m m - ^ m m m m r n  m m »  m

Targidlty Sat so f i r a  2
** m m — «►

Sat at a l l  firm 1

*n/



AJ't'tiMDIA XX

&*ub£ a a rd r ja  ttiTT&a

quality Criteria 3-ore

Appearance Fresh
m n

3

Hot »o fresh 3

Hot at a ll fresh 1

Colour Omn

Turning yellovish green 
« ► » • « • »  »•»«>«• «*«*>• 
Turn lag yellowish

Turgid l tjr Very flra
«» «• m <*
Hot so firm
<**>.•«»«**  
lint f i n

X» V

n
m

 « h



APPENDIX X

&JO&S tf ARD poa JLUST&K B£AXS

tjuallty Criteria S i i f »

Jolaur

Green 3 

Turning yellovlsh graen 3 

Mar* yellowish green 1

Treshness

Trash 3 

Rot so frash 3 

Ifilted 1

Turgid ltjr

?*rv f i n  3 

Hat so f i r s  3 

Soft X

Tenderness

Vary tender 3 

Hot so tender 3 

Hot tender (h^rd) X

x v



il

&J0&& JASS) VOX B&tf HOOT

j a l i t y 3rlt«rlft Ssora

tppoar m o o

Frosh 3 

Mot SO froah 3 

Dull 1

Crinkling
Mo vrlnklos 3

Stir  ting to  trrlnklo 3

^rinklod %
•

^urgiditjr
Tory f ir s  3« * * » , « * S I « » * *
Mot s o  f im  3 

Sot f im  1

A v /

«» Iff Irt 
i 

(»



AP»'4itDZ£ U l

&;oai ja w  fob bhisjal

.quality Saore

Tory glossy 3

\ppfaran3« 
a f A in

W SIS SIS SB l®. SB1 B SJ
Slightly flossy 

Hot st o il flossy
3

1

Batumi 3

Colour
TurnInf slightly 

yellowish 2

Hors yellowish 1"

Bo wrinkles 3

rfrlnkllag 4 few 3

fan? 1

Firm 3

Turgldity Turning s lig h tly  so ft 2

lieplotaly soft 1

Abscni* 
o f d n ij

No desay
Beginning to d so ay 

Mbstly deosysd

3

8

1

>: VI /
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«;,*aD rou ruio<$a

Quality Criteria Soore

Appaarmnoa

Torsidi^r

Tandaraass

Fary fresh 

Hot so fresh
m m a* *» *» «* *
Doll

Fire

Hot so fir®
#  »  M * * * * * *
Hot fire

Knd snaps readily 

Not so readily 

Boos not map 

Fools vary tandar 

Not so tandar 

Hart! and fibrous



M A m i x  n r

AMALX313 Jir /AdlAAJJi ruli TOTAL SWO&iiS or JAUUfLjtfAR A*?iOt TP
aouas ur isr-jaAfij m fa* T;ta*<s ocruds*

Soares of 9aa of 
▼nrlatim squares.

Degree of 
freed ea

3ean
square

Sstwaen storage dav-lass 233*94 3 131.07

Within repllontss 23.30 12 7.33

For 3 and 12 df } F at .01 *
F at .03 «

3.03 F 
3.33 F

*  56*11 
<  0*(H.

,a t J t o i  BiSfiugm. Jar. tea
C Stark’, ard Dsv la t 1th w ithin * J  Within rariaiwo

*•*  (Standard t m r  « f  tha d ifferen as S*D / 2 . V X -
between any two naans) * ^ 9

(W -  F a a b a r  of r e p l i o a t a s )

^#01 ( -ilnlaam different required for signlfloanoa
batvasn any two aaans a t 1$C lavsl) * **01^ ®*%

H.D
V M Nv

USB 0.97 3.0$ 3.00 41.30 35.70 31*68

\  refer to tha noon so ores of amllflowor stored 
In tha aaohanloal refrigerator, Janata refrigerator and wire* 
aas'ned 'mpboard, roseetlrely .

Slgnlflaonoa 

of naan 

Dlffarenoas.

0a and  ̂ » M > D.oi ¥ <3.01

D j anfl  ̂ * 3.33 > D.oi P <0.01

D and « 10*12 > i) P < %01■ V •01

A  i>



A M d H D U  x r

AMhLtau or rxaiASo# roa utx ©tal auoaas
OF TOMATO AFTiiH 73 HJtJRtt OF MTOBAOS M  TH8

Tuaai Ddvuas

Soursas o f 3um o f Degree o f Mean
variation* squares. f  read 00 square

Batuaen
storage 
davise*

38*43 8 14*315

vrithin
raplio-
atas

4*17 8 0*80

n  30*40 P <0*01

Tafts fo r  sign!fie-mea o f aaan diffaranoas 
by usa o f • t1*

a*0 8*4 t  0 t  D M
V 0 *01 m  *08 *08 a J

M

0*88 0*88 3*71 3*83 3*48 1*08 7i*18 73*80 70*00

D and. * 1.88 - D P a 0*06a J •03

0 and * 2*80 > B F 4 0.08
1 V •08

D and «  4*18 > D F < 0.01
a a f *01
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APPENDIX X7I

ahalxsis  or variant a kub total aauR&s of baanh
AFT AH 72 HUB as OF JTUEAiA III TttA THH48 DS/IJS3

Sou roe a o f aim o f Degroo o f Maan
variation* squares* freedom aquas1*

Between
storage
devloe

1419*78 a 700*88

Within 
rep lio - 
a tea

134,00 la 15.33

F *  4%31 *  <

M
f

3*99 3*43 3*09 7,t8 2*18 5.40 71*0 <38*60 43*39

a
a

and
J

«  5.4 a* a
.05

P -  0*08

a
1

andV ■ 17.4 > a A.o^ P < 0*01

a
a and

V
«  a^.3 > a P < 0.01

Xx|



AH'&BX* XVU

XfiALiaxs or 7AaxA*«;g r r d  T3 fAi* nr
aa^ifli jn iu .1 ^  xvTiR 7s itjoaa o f  sToaAog

X* Ttttt Tnsbid oavxosa.

Sou roes o f Son o f Degree o f Mann
rtr ia tio n squares. freedom square
•  •  •  •  • «* «* a* «• «» » **•*•**•»  *i <* «* <

Between
storage
devices

251.96 2 125.93

tfithin
replta­
s te s

35.38 12 7.14

**«»«» «*«»*«» *r*fr4a»«*4» «* a* ae «e
*  *  17.SP F <̂ O.Ol

Tests  o f algn lftd^nae o f aean 
<3ifa*«ttana«s sy use or1 fci * «

f> «57  1 .8 f* 3 *0 8  5 .1 ?  2 .1 5  3 .5 5  4 3 .2 0  4 0 .1 S  3 3 .3 3

0
a

and
J

*  3.02
•05

not s lg n ifla a n t

* i
and

«
m %90 D .01 V 0*01

D
a

and
«r

*  9.92 D
.01

¥ 9 «0 i

>c X  II



ATKgaDlX 17111

ksuLi^m or roa to t ai soughs or
jAa&rr A*?&a 72 hou&> or st ja x m  lm t&&

TttRiS Di/Uatf

Sources of 8an « f  Dtgno of Mean 
rarlstlon. squares fmod-w square

storage 7 0 2 .1 5  a 3 3 1 .0 8
doyla«£

Within
rs ills - 87.26 12 7.27
atos.

¥ *  43.98 P < 0.01

Tutu af. .algnlflaanaft .aI.JBt̂ i 
Jtor att

s»s S . i t _  D t D If H K
tf 0 •01 .01 .05 •05 9 J W

2.307 1.38 3.03 5.23 2.18 3.71 43.78 3«.3 27.54

3 and. * 4.46 > 0 P <0 .0 5
f t 1 .0 5

and *11.78 >0 2 <0.01
1 V .01

0 and *1 8 .2 2  > 0 P< 0.01
« V .01

X X III



APPSM D IX  X U

ASALXSJU) OF \TARIA8JiS lOH TOTAL aJOrlxW OK BITT5H
jju.U) aft mi 73  aouas or sTOHAQi m Tua th&sis

DS/I0S8,

Sourcse of 3un of Degree of Mean
variation squares# freedom square

Between
storage
devices

357.3 8 383.33

within
implic­
ates

857.70 18 78.31

F *  4.55 P

tt at* A f .slgnlt to rcnm /if .naan 41f£Att»nflaa 
to juan-gf .l f . »

t

8.50 5.30 $.05 17.8 3.18 18.35 33,72 3%53 80.54

and
4

»  7.17 < D
•0 8

not significant

•>nd
V

• 8 .0 1 < D  ̂
.0 5

not significant

and
V

* 1 3 .1 8 > D
.05

P < 0 .0 5

x  *



AWOfDXX X L

AAALXiilS Of UMhMOd  FOft TOTAL H00&&3 Of 
JLUSTia OiAHti AFT-iR 72 RJTJ:fc> Of 8T01AQ*

in t a d  TttHiia VdtlOdd

3ouroas of 
variation

Sura of 
■quarts.

Pagraa of 
fraado*

Mann
•v>ara.

Batvaen 
st0rag. 
davlaad

303*53
*

3 133.88

Within
raplla-
atet

031.87 18 34*31

F * 3.32 F<0.05

m u / a t  jtUoAUiinati, Man JW tftcm ti
1« JiML

«•& 3*8 t B t D If If
If D *01 .01 .08 *08 a J

4*03 3*18 3*06 8.8S 3*18 3.793 83*00 47*33 41.01

D«  *  4*3X <

B and *  3*38 <B .nI-
J «r ° b

D and *  10*93 > 0*01a «  '

not •lgnifloanfc 

not significant 

F < 0*01

A A V



k r r & G Z Z  MJL

ABALX3W or V kill AH Jd rOR TOTAL &J0M2 Or BteTRDJI
ArtiR 7? a jo as or btoraos in tm hum* D&ru&i.

Saunas of Sun of &»gree of Moan
variation. squares freedon Square

Botwaan
storaga
davloas

#>5.71 3 148.35

Within
capita* 
at as

170.63 18 14. 72

F *  10.43 P < 0.01

Test* fa? of M ia d lf ftm a * !
■rgr.... - ™ ^ ------

B.D a ,& t D _ t D M as mV D •01 .0 1 •05 •03 m J »

3 .7 5 2 .3 8 3 .0 5 7 .7 8 2 .1 8 5.19 42*74 4 0 *7 8  3 2 .1 5

0 and 0 *  1.43 < X> ̂ not significanta I *05

D «a3 D * 8.38 > D P <0*01
J if .01

0 and * 10.05 > 0 F <0.01
w V .01

ax v/



Aft'fitt&IX A&H

AftALXiijLa i f  VAAU&J& n>a TJtAL £Wt>H4a 0*  miafALS 
aptm  79 ayuas ar iiiuiua* i* tils jaxata H^rniam.
AfUH AA© lH tm  tlM & StteD  JS1-8UAR©,

Soar? aa o f 3u« o f Dagrao o f Msan
n r ia t lM squaras* froadas aquare

Botvoan
atoraga
dsvlia

179.95 1 175.93

Within
roplla- 
a tea

131.5 8 .16.41

F *  10.40 P <O.OS

ta&t-£ir_jaA.^nVCU anaa, ,tf. jUftewam Ja. 
.̂8g..?X .Mi1.

t  »  J F *  3.94

t  * 3.3$
.01

P <0.05 

t  * 3.31

>X v/l



AKrifilDIX XUXX

ASALXiiiS UT fA&LA8«idi r?K fafAL SJORS3 UK LADIiSS
r iM tM  JurtiSL 72  aouita or aToiua* i s  m x  jam at a 
A4ruia&l .rut* HD 1M rHiS *1 ilfcfcfcilUSD JUKBUASD.

Souroes o f 9ata o f Degree o f '4*an
rarlatfo r> squares. freedom square

Between
storage 445.75 1 *445*75
deeloe

Within
re pile- 14.65 8 1.33
ates

t  «  343.5 F <0.01

t
.01

% m J Y  *  15.5* F <5.01

x  ?« V /11

*  3.33



AW^MDIi

Â 'JRtiAw jWAU unlit
78 ajuaa or »TjaA34 u» *

Initial a on tan t Weight
ftopli- of aai or bio aoid —  
oatas. in mg/l X) g Ini tia!

1 44 • 5 9P.50



JJX

AJ^oaOiJ te$& 9 J&T&ff J*‘ +*BbAQ£ ArtdA 72 BJVB8 9? 
&TOBAG& m JAOATA diriiiGiRATjR.

a»pli- 
5 ate »

Initial Haight af labbaga ino fM a m U  esntant
r^ntent af . . „, , . * -------- .in ■$&.. —r - ■.... ^an
aaaarbla In itial tftar 1® Apparent ast'jnlv After 

as id In og. h-nira earraatUwi/

4 5 ,5 1 4 0 ,3 3

1 4 4 , $ 1 2 3 ,1 1 1 2 .2
4 5 ,5 0

4 3 ,1 3

4 0 ,3 9

3 0 .1 3
4 0 .0

4 4 .2 4 3 9 ,0 8

4 7 , 1$ 4 3 .2 4

a 4 ^ ,9 9 1 1 8 .9 5 1 0 8 , $
4  5 .74  

4 5 ,5 3

4 2 .9 1

4 1 * 7 9
4 2 .3 4

(l
4 % 2 0 4 3 .4 2

4 9 .1 1 4 4 .4 1

3 5 3 , 9 ? 12 0 1 0 3 ,3
4 9 .9 1

4 3 .3 9

4 5 ,1 3

4 4 .9 3
4 4 .0 3

4 3 .7 4  . 0 3

4 3 , 5 ? 4 2 .4 4

4 5 0 ,0 0 1 9 3 , $ i 8 3 . i
4 4 .8 3

4 5 .0 4

4 1 .7 5

4 3 .3 8
4 3 .4 1

4 5 ,0 7 4 2 .5 4

4 3 .8 0 4 0 .0 0

5 4 7 .9 9 1 8 4 * $ 1 2 5 ,3
4 3 .3 0

4 1 .5 1

3 9 ,7 3

3 3 .0 7
3 3 .9 9

4 1 .3 9 3 8 .1 4

a x A



Att'&fi&X JU7I

A^jj^au aoid or oab&ao* Arr.ii 10 m  or
s t & M M  1* *id&Ji4aiL& jur&UAM).

ftap li-
oatas

In it ia l  
a mutant o f

height o f  
In 1

Oabbago Aaao^bio as id  oontant
eanasaorblo  

M id  in ag
in it ia l a fta r  

72 h-mra
apparent aot-ial a fte r  

oorrootioa& i

85*79 36*01

1 44.5 134*5 38*3 51*58
53*71

25*56
36*11

38*1

55*59 35*36

50*55 37.40

3 49.98 147*7 109,35
53*93
47,35?

30.90
34*93 37.31

55*03 37*03

64*10 39*48

3 53.97 134 75*35
64*21
62.56

39.58
33.52

39*53

65*35 40*54

50*73 33*85

4 sa*9o 175*9 134*3 43.17
49*53

33*90
33*00

37.75

43.53 37.25

41.83 32*41

3 47.99 114*1 33*4 41.72
42.30

33*33
33*70

32*63

42.71 33*09

>< *X I



AM’&feJU JU?X1

asah îo sir F.uuAM-*t roa r-̂ udaTAOs uksi yf Aauuaau 
a j i d  m y>jbsAâ  on sfaaAai raa 72 aauas i*Taa m&&i

StOSAOd M/ijaS

Source o f Son o f Degree o f lean o f
variation squares. freedon squares

Between storage
devises 393.30 3 431.93

tflthin
replicates
(error)

135.47 13 11.37

f *  33.00 P <0.01

les t fo r _slg l  f lo a n ^ g f  A L tr^ rm m S .

t *
Mj -  Mn

/  9 9
^  V

* o u i) •

“ 1 “u *%ll
ft

^*1
7<£JEg A .

S*3 t .01

6.9S 15.34 2S.9SJ 4.11 43.73 38.53 3 .®

Far mean differences df  *  ♦ 9g •  8 *  3 ; t w0J*3.3$
t j and t j j *  13*93 >  3.35 

t^and tu f  13.7© /* 3.33 

t j  and t ix r  37.®  >  3.39
Mj *  naan percentage lass o f ascorblo aeid la  eabbage 

stored In eeohonisal refrigerator.
R j|* scan percentage loss o f aaoorbis sold In oabbage

•torad in the Janata re fr igera tor,_
acid

Miuf naan percentage loss o f aworbii^ln cabbage stored 
in tflre-aashad * lre -ma*faed top board.

xX x i f
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