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INTRODUCTION

In + p meort rirt food = t ation edLction of crop
) k8 o f  m=b g mare act) wva leble for
rip I L tood o r o odeck cr - te Tors  due
L ode cr o baor Vo g o= ouwoge v fon d Lo he majoyr

Tanvt rg  fet bor £ lier stud es condrtet d had  ind cated

far tre storaege 2f He g a1 3 ay resulbt an & per cent
rtysicsl loss and 15 per cent g alilataive loss mainly
iope Iz g or ttre vie of storage stricture Loed {Hall
20

Fice wustk ars ac & loss tlka an, otlre cereal hefore 1t
t cles consume In kerala majo prrtien of the rice
| cdiced b, the fc rpr= are v Ltally stored <L the fTrm hose
ileelf by conver taonnl sto age aethods nmd Llilared by  the
f nad Tle arfTlie ce of daffe et storcge conditions on
ice va i1eties neids to be slidird snoaw to enahle farners
nd loe 1 mech L ta sell oot trteir g aaims an good
cardation at easo able price Rice deteriorated more
cadaly at haghler be peratir=> a d moastL e content despite
tte ba 1¢ prope Lies of conlaine s in which 1t is stored

(H ng el o1 {(1786))



Lr i n 0 [ tae Fed o an E{ale
Foeebed tont  Lote phy=iy rhe 1cal charnges wlich affect
tter culd Y Profrer ks o vd ot T o (F4 teor 1979)

o aJc o naje nay owe v odee to nsewt perte rodents and

mp LSS w0 Far tole s sucl c= g A co stat ents
¢ tig ;] litrcs nd o ganolept ¢ 1 1lities  of rice
varac ties e affcocted dten stored n da{focre t© co ventionzl
¢ ncde n slo age rke o es I forntb one on thewse lines

ez at p ~~enl sc ty

Hence the precirt stidy va ndert |len to  anveetigate
v of L f »sto 4 on  1ee g onar v th cfe once to

dafferenc =torage st wctu es «and storage duratiors by

E! N sessir ) U e change n grain tonstiteents in raw

d coolrd 1ire sampler

b s eos ng the changes 1ir physical characleristics
C A sessaing tteir shelf laife characteristics and
o A csFang the cookiwg qualiities and ove all

acceptabrlaty of stored race grains
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REVIEW OF LITERATUFE

tar y cf fo 1 3 qares 2 en ine atable stcp amm the

nl ¢ tleay of g wn fo I3x el o N nt bvior Among
oL e riee st ot a more tlew  tlo=w vy plrer te eals
| g 1go d tho g =to age ENSL Co agalist
f1 rt ataom 2 prol  ban st} Ta es p £ ard ruplerashes
t drept | d wbko | (Jul anHy 1931) v > d pv po2 o also

or ge e ported Lo he 3 nere 1ly (F ter el 3l 1971)

En = ctidie wr 0 alitative =2nd guantstative

lnsscs of stered raice  are prese led an this clt apter under

71 hvalattive charges in stored grain constitients
Ctarges in  the physaical characteristics of stored
grans
Chanaes 2an  the coolaing characteristics of stored
grawns

4 Clanges an the organoleptic gualaties of stored grains
?T R Gto age loss die to ansect infestations and

6 Inflre e of b rage strictires on the guality of

stored griins

M ce 25 stored for long term ain daifferent forms
Usg ally as r=v rice 1t 1s stored for a ve y short period As
Feddy 1t Feeps well for & pe 1od of three years (Halls
194 ) F ce 18 sto ed an Llhe form of husted p odice as

ryily Th ce years 1 e Lpposid © oplirun jericd of storage



erf e I ¢} e a la f e f neditm and  roa se

by == (H 1l 1©71)

r jewrt by BF a=t 1 (1774 the mall | fom ar
h ehh 2 1Y of st ed rice ps e teld ar village vould
{fect elf lafe 3 ality tHovever 3 peddy the grein  as

oparled to ha o belle gqunl s and lo »r =helf 1 fe under
Lte germs o dit o focord g ro I db dhare s¢v oy ek al

924) ha d pounded 1ce vh oh has beer ve ;y laightly milled

1ighl vid rgo rap d deterriora 1on dirarg rrolorged storage

e 1 tar e lose  of ice 1 infleenced by th e
rea n abtack thte g n = gstor | fccords ) Lo Lee et
al (1991) in  rc peclkages 1th rouvgt  1ce and broan ce

=tored  wrd r room conditio = for one yeuw tle stored grawn

drcreased 1g 1fac ntly duee L germirat on

It r beemnm ob erved LI b brovn (debusled) ace withoot

y pot P e well 4 = 0 age 3 | containes all  the
Liraita e materials (ICAR 198%) Faddy an storaoe msy  lose
(3 = to 1 5 pe cent) in veight do wng storage in hot
or trs due to drisge loss hale rice may lose mo ¢ (1 to

per went) vien storage contintes to two to four monkhs

der comparatively dry coniii ons (Tu)ianc 19848)

2 1 Qualitative changes in stored grain constituents

Lrar constilierts sich as fatty cide reduici g sigar

P ootean anylose »ta ch rd moiste e are reporled to be



t ol { . teoc age L 1 gt Bt s el _1 (1974)

rlw Vgt 3 ¢ and p A baas @ cn e od vath r ve

| el v | d 1 =har go
[ 1 it by ecad ¢ o tac t stored rice (al
T s ) T€ e ce el L et gad by fo 1 vears 1 od
est 1, ) L B riee o fcenmd te liffer 1n nect al
I r ol pa d na i if »d 1 2d glycolanid enld
te fn a 11 o tents Iiees cont ts vere found to
Aase onn sto ge Fltattoradt oy 1588) fAcro daing  to
I raratt ad kel n (17882) ctored 1 e variclies we e
fc i o P fr 14 Lfacen 1y vath re p ot to f tty -chd

irpocal o 1ite 0l © a 1d v 1 1 noleac acid

kam 2 1 (19728) had o itored tle chanier ain tle

hve oche 1l and soens=c rope 1o af 1ce and 1ce flour

Lored 2 A0 for  x mu bhs Trey ab ed th-+t f-tly acad
ce L otwon dec a el apuily pto &0 lays at roon

temperabt re and for 4% days «t deC anld llereafter increared

=210 1y
Lee L 3 (127} rep v Fh + F 1 wadaly nereased
i tte ce A o ch ra 1led nd b ooen race
lhrang sltcr ge  and = four rot to prudice ary notable
ffe ! tle f 1y cad co p 2lion ¢ ¢ pt  that palmitic
d e ad  nd lanule o w1 dewren @d to sowe e tent

(Dhalaiwal 21 al 1979)



“c oo T b ea If o noorobrwents lile
bhobyrd e A I p Ie oas  Ir Ad n to ed for teslve
cntie L g & 4w le ol ow ob e I 1o 1wrense wath

torzae + e the 1 ¢ ease bl a lovest fo cold sto age and

f r pcly leld race lraxed by teated aar (Hayalawa et 31
1297 i aler = ge tempr ot re lad neo effecl on starch

2 el Ciragt 11 1990) (lo e and Tuta v (1977)  reported
Lh4t af ¢ threc nonths of rtuvrage aof r ce ce tain physio
hertcal changes ar the colloxdal state of rice starch mabes

tle rac are acceph ble to Tndian cons ners

i =tal 1279) report o LF L «1U gl tet 1 p otexr s
dad al change o ang sto ge of 1ce g aing st highe
terpe <t & ree Llited  ar ar e eased disulphide bond s
docresse  an protewn solubil by and ar 1icrearp an aver-ae

olecular veaght of Or/.enut

DEtJaveal =1 &l (1991} epo ted +ttat raddy sanpleec
stored afte drying head sig 1ficant ediction 1n diastatic
proteolytur ard lipase actiwwaties Stored ccmples had
increased actazliies of p olease and laipace A red ction r
the anmourt of glitamic sead ar malled rice &5 well s
dectreasnse 1n ntio of glul m ¢ acad to totzl  free amineo
wcads bolh an o m lled race = d an the & terior of cooled ice
du ang short snd lang term orAage vere observed by Tana 2

ct 1 19T



t r o4 { pLy b bt fte three

oo raje  f e “roptos che 1ctl  chanaes
Lt 1 o] L =f re Fx ool le tlo 1 e moro
ep 11 Il Trl an cone me 5
T ber 73 b tlrec Fo  afle P oveEwt there s
4 Al = 1 ction 1 wylase ~ch v of 1ce a n (Ghose

t 1 1ee )y ¢t 3 nd tiw (1991) ero tel thet 2zre starct

31 will d ffore + amounle of amyslose du ing sto wge  at
c L ¢t v yr ¢ tr tes tite bron adsakier of  the
[ ylo & 3o 1 te  th it & of 1o amylose aqroup at

arly st ye of =t age Tre temperatire vas 3lco observed to
aftfe L e alee of et uy dation nd  properties of
er ojr ded ste o} Yus =l o 1t [l erced b race v ety ard

siorane rond f20re ficro dir g te Cl estil (1971) durang

= borage average olectlar veirghbl of vlose dou eased but
el of amyzlopecliin increassd Hove e wate ansoluble
protear snd o« ylose conterl were reported Lo show &}

e qnaf ¢ L clange an the graans- dt ang short and long te m

“tQ cgu 2 the & peraiments cordocted Ey Tanall et o)
{17297)
SanfFa  and i«llace (19u7%) repo ted that the rate of

chemical nd hiological exctions an food materizls depends
© tte vater crirtent !orses occur wn seeds  and graine
ainly die to LF presence of e ces~ oistL o M.alitative

loss &« die to »p otting loss ar vailality dev lopment of



c1iaily d o f 1t tz al * f oriibles rrodicis a o
wer od o be cife ted b . 58 8 2 L E 1 the  griwun

(™ nha 17&7)

2 2 Changes in Physical characterastics of stored grains

Fly 1 ] Lo 2wtk L cad  rice yaeld
1 crealy I got T Y 1 my e fon d to be
f rted Le
fecer 3 du L ctorage | 3 posit ve arflverce on the

oo o yaeld M= sporied by Sajwan ct al { 992) head

r o owva b1 oanrr ved wath BHle ro pese v tlre duration of
trege. towe 2 Lol 1 nmilled ace aield renaaned unaffected

! »lor ¢ du bvon d co dat o Ja o 1 & d 52 Lo moraen
(L7924 I I edeclicy n hexl 1re yaeld die to
S ah I orpt o Lrarg ot g Mo ture | oo ption by
To molsl e co te b oowgl are 1f con wdercd 3z v mgor
Lse of ace bre Vege Thacier Jernnl  attaaned slaghtly

lover a @ ge equalibrium moacte = and also praodiced hagher
head  raice yvaeld th n thinner te nals Thicker be nels were
0o 2 suwceptible to ed ~tion n hend rice ysairld from

10151 e absorptior v coaparisor with thinrer bVernels

Yiwee aty cwn be defaned © Lhe F1ul ty of Lhe solution
bt floe tl storage las a posat @ effeck on vaiscrosity  to
the «d antage of consumers The viscosity of rice pacte  wae

. bserved to ancre e while toraing rce al ambirent



ne= e 12 9 1 gh L = rm omd tE

log pt [ € ezt L r cor o1 tency  vxlie
i nct L= t o h o o Llh T N 2 later
tescrved  that | reg vas co = | hle = continuo «  change
n a1l 1y p= e tl 31+ tho storags=

te od (T-ch 4 a & amy L 41 (1% 3)

S el 1 (17 repo ted ~ L nt al ainc ease in

IE ] onte t d pen Los1Ty L bro Li flo

[ tue hr FLre REm < 0 e pe ol ¥ el
e rdimg to Hay b va ce 2l 127z stosity of L elve
nihs Lo ed  pn | AR wlol o sased 5 de te mincd b

wylograr cle chte astics

“Lrg o boa ant Eun Ta (147 ) v lso reported that
noLral P ortirag empey alire of o we fleowr 2 natned
ba 1ly nch rg o de arg =bto nge het fond vasgos by

onsaster Il aincren ed ¢ th the inc etse in storaje time and

leape L

Indlu He o s8¢y gt «1 (197€) epo ted thal tre ageang
cf rice g wans 1nci essed {he gelatinisation temperatt e Gel
obalaty ~jreared tc be related only to the degree of st rct
elalan «zlior =nd the gelatinit=ation tesperat. e vas fo nd

(W INCKE we w1t} the ancrosse an s+t0 age period

(Unr 2t ra " nd TNkt kachs g« (1788)



2 Changes 1r the Cooling Characteristics of Stored Braans

A}
to wae of 1ce affe t lhe roolwng cha acterastaces
et v Lo flle coolr gt = vellang ande olL ne
| M= rl L LSS
W Llor plako -n bc defanFd ac tlo amour t of water

absorbed by tle g « oh coolinn As staled by Hogus (192467)
gel g o Llite 3 le== ote plale ral The total wate
plale n  wosl y vas g rrally ol ved to be more in
ice str g ot lov teaperalive Elen ar freosl s mple  (Barbe

1?77y In e« long t n storage st dy (th g and a hlf yea s)

wuf  rougl race and pilled 1ce  Indhodhara Swamy et _1

(278 o crveed an norease 1 the vabke wptale 2t stor-age

I mrer L ore of Q4c wnd 8BoC nd at roo  lenpe alire Changew

in ate ptate ate coolaing prope tie- and gelatinisation

p rpe tie were studied by Su 3} ben o E Ja (1927) duiraing

2t ege T nilled 1ce for ™ onthe at 1o to "@eC The wale
ptel & L crest el n lled rice we fou d Lo decrea

du xng <L ge ard was 0 e p ono nced 1l ele ated sto age

itempe b ©

Coo g tLa ter be defs egd as the optumem lLime talben
lhe gr n Lo o bt ell
focw dwna Lo Yalla eal et 7l (1974) die te decrease in

soluibility of st~ ch and proteain and the inc ease in storage
feraod e Llted 20 e decrc se of opt rel coolang tise  1n

lever ne3lhs storije
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e parsion on staorage

rice Al o fTourd to prodice

n those non wr adicated samples

(1978) reported 1 atl sticlainess of

of total

vrell wvaith Lhe

s the wrsoluble amy/lose

the tad) [T T A | coolet dice on

\Q



Loraq 1 ¢ o feco da 1 ke & e ot al (1997) aged
ice el ccol ed 15 le wla by tlar newly harvested
gr n= T = lLe to dennie 3taen af p otexr a1n trice

borarg a0 n

2 4 Changes ain Drgancleptic gqralities of stored grains

Con uvirer p eforcnce of a prod ck depends on it
C gemidderiie gualil es lake | ordness colowr b skte te ture
L ) A T I The (! 1 1th of Lo nge 1w

I actlbt wr "imecst anpossible 1o deter 1 > wath any degree
cf “cocLrra vy cd 2f asrertazrable the al e would probably be
vrf doubtf 1 p actairabilaty ovaing to he di e sities in
MmE e fo wree aid e vy 1ab 1t of {hes kine =nd
ctiod Jopied by consume s lo cerexl (Thdhuedl rra  swany

Foal 17a4)

fccording to Fanarathna « d kulba na (1988) dryang of
paddy  wmp oo d L o ganoleplaie qualibky of riwe Grains
ted Figh T eatany guality on storage had a lover amylose
and  nitrogen content 1n their grain (MatsLiemwbkr et gl
Le91) Varieties that rated low we=s also observed to have
t2agher  =nylose and nitrogen costent in grain  Accovrdang  to
Pt v Lk gt 1l (1992) glitemaic and aspartic acid contents

of rice sanples were found to be responsible for aimproving

cating gielily of rzece on sto age

13



La

were radvcted ar thas ¢ pe 1nent bt e=stnblasa v he bl er
pe ceptible diffirences vere catsed by the deg ce of millang
or due Lo the -torage condatzons Sirila clanges occ rred

in the nde milled and vell milled 1ce diring ~torage but

ttey w re more pronounced ar the und v galled 1 e le dunc
to a | odue e f poorer staorage Labalaty =nd roduced
preference

Tastoc inde of rilled race stored for 17 gartr %1

ambienl temperat. e decrea ed diring to 1ge in proport on
Lo stor ge time « d temperatire For oplaimm qualaby at =1
reconme dJed  th=at 1ce be firaed at  =anbient emperalt o

| olzshed and then  stored trder lov teaperat o condit o
{Hayebavra et _1 1992) Mvly hh v wled rice shoved &
elatavily hagh r ralatebalaty then ctored 1ce =  ctorod
ice had a high f ee fatly «cad conientl {(Mat = g ~l
?91)

Mt & et 1. (1921) repoerted U 4 eabta g qgualaly f

race oft v ore = st age t roor te porati e deteric a ed
with wicrege pc a0 Effect of stort d long te 8 stur quo
on Llhe esling gqralyr y of raice vere 1 strgated ty Tamit r b
el (192 ) Tte t ture of couoled ta EC me rde nol
less sila ty afle bearg =torcd 3t 1 agl teap at ro and
noi=tirre contort ar 0 d The £+ L e« F ato  d
Lnder e 1 1 i, cond & s deb o Led AR d |
s ly Loges of 0 age and ca & bt ch n re tore )

ndc [ 1 o L condil nws wilh | o geid roge
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Farboiled 1ce reacts Lo storage somewhat dafferently
f om raw rice They discolotr and became yellovd F  possibly
d e to the grester moistt e content an the gr-ain
(Bhattacharya 1984) Accordina to Sin—kFon and Euvn Ja (199 )
there we e no sigrificant changes in colowr of milled race
orains dering =torage at 40 but an increase va= observed

at higher temperatL e

Delicca apd qu (1987) reported that stared rice
Lndergoes changes mostly en sme catalysed which can affect
flavorr and colour of coclked i1ce Thte hardness cf cool d
rice ancreased du ing the first three months of storage of
«11 malled race cycept of v vy rice (Internation«l rice
researct Tnstailtte 1928Q0) According to Juliano (198#) tre
rhange 1in te t re of milled raice dura @ sto wae increased
wilh =lo age pe 1cd 8. 1 ce defaitbing dad not rel d
charges wn  the te tvre of comted rice bt etarde |

retrrogr adative Ledency

Effocrt of ge of rdermillel e c 1l ectarg =~ d
cacting gLalities was 11 @ tigaled Lwinag both coem ral nd
ST sor / throds by Faygetbyl gt L (1971 1 ye
sensc v properlies ere sported to be relaled to hie
clente | clange t  1rg plece. Desc 13 1ve =en 7/ & alysas
of the ccoled rice b & traimed pasel  evealed « 2t on ar
odou teate d feel of tu | =lored rd f eubly sillcd

sarple T 1 ol nd p efe o we e | Ly ar b ainmed p nrl



Mc=t of tFe ¢l rges 1r te tu e ST I O I oot
duiring vea one ard tvo of storage vath very latile change
being otserved otler that (Tarvala et <1 1997™) Fat by
hydrol joL anctees | d pH of the coo 1 g l1i1qu 1 dec ea od
whrich seem  to be related to detericretacr 1n te ture ard

taste of race (Temali gt al 1997)

2 3 Storage losses due to insect infestataion

Stor=cd rice 1% likely to be attacled b 1n=ects At
tempe ol € ard noistire eLaitable for bl ear growlh insecte
Jain  entr nce to the stored g ains and o ov on 11 g poasc
causirg qgraniitative as vell «= qralilstive losces r theo
grelns Deluiceca et al  (1987) eporblcd thal the rates and

tent ¢f b nges v 1ch tre Lo ed 2 ndergo Cet &

by microbe and anse t pests associsted alh

Accordang to Lan  (1985%) tfFrF tor«ge fumga S =]

consistenlly associated 4+ th dele r1oratr n of stored gra n=

hrre 1s ¢ ar lo a regul mircruba] succersien an lhe
dete worztion Process A rc_101lles o=t 1cd o

fepergalles glac s lrost ary riably ve & fo rd bt ppea

fi st and &> Tollovcd by Aspe gi1ll < c ndidec fope g llus
hracee= fsporg 11 5 fla c nd Pc 111 @ 1 Th «

nicrob 1 cwcces=saern Aas "lso aolse ved t b & focir btod wath
tle cla pes= ar olstl & rontent T PELS [ X erilly
pe ibl e ke 11 colo a ric g of bt g in

f rise 2 i1 pL ot © to “Fol an el 0O L or o 4 ¢ 1

Uy



arn the wn olvercr! of thermophilic bacle 122 and funga whkack
maght cwrvry  the temperatire vpto 75l af ber vlhech L &
pLirely chemical p ocesses ve & pbserved to talec o e and  to
. rry 1to tempc L e to t! roint ot coarbu tiw In =t h
=21brtatios fung 1ile 2: of liatkle valie n wont allang

torage funga Most agraicultural sceds were To nd Lo be
“tocd al lov {emperate ¢ or =t low moais! re content

cordirtions to preserve grain qualaty

Accordang Lo Mingals ¢l al  (L977)  huslod ice v
ir feste! to & 3 eater e te t  the bard pr nded race
Farboil d rice Fovever has 1 advantaje ove ! ce d ng

torage since 1l 1c less «ffoccted Ly weevrl att b Thtas 2
largel d ¢ to to grness 10 rted to the grain 3y pa boilanc
treatment These F§ occessed acgLr e &  hard smooth =
glossy surface hich wpperently affords a poo grip for

peste (Bhattacla yva 1284)

D Jucca b 1 (1987) vieved o v ges ca 1 by micrc
orgarl mo-11 fumga o slured ce hco 2 fru  gnl
ontwa  kior v fowrd 1o bo respor aible for mo t of  the

gualet deterio «laon ar sk ed bro n  2ce Aveoad ng optim=a

cond t ons  for ¥ ngal prolaferataion vere found to control
ire g 1laty 3f {rovn =ant frechly milled rice on sto gu
(Delicece el al 1987) Acco damg Lo « eporl p blaiered fron
te al fg reulte 2l Upive s & (199%) los= aof b n 2 t he

1led 1ce as  eported Lo Ltr ot arsectes IFPF (1995} =

\S



epoc ted trat  fully pollshed 1ce 15 lo 8 stscoephtible to

insect atlact and have greater storage laife

The most important insect vhick att=acls stored paddy in
India 1= the motl Sitotroga cerealells whick lays cggs o3
the standing crop or an the harvested ¢ op diring thresh ng

(FodLvral 1962)

Da¥shinamerthy (1988) conducted an e perame t in  w!ach

freshly ha vested paddy ainfosted by Saitotronga cergalella

in  the field was d i1ed to 12 per cent moistire nd mi1 ed
with dried plants at 1 per cert hy weight to monito insact
development over 4 gonth= In the =econd trial peddy wh ch
vas stored for 6 monlhs and fumigated with phaosphe inm vas
treated with 1 pe cent by eight of the plant poliders

[ laced 1 gunny bags and 1hocilatcd wikh Chi ope 1lha
dominzca ffter 4 mo ths insect develupment in thic  secaaple
wes assessed «nd v = observed that eLcalyptus posder vas

o=t effe 1 &

ficco dirg to Yerna and Utte (1990) the rclalave
resistance of 1lé& wvaraieties of ce wis tesked naainst
Hitotroga Ce ealelln In &= eccirg the damanged graar
pe reenla e lows 1mn qgra nm and mean ad 11 popLlation/=@7
Uralris ove ¢ cte ge o pe o2t ol B d =t (a] ¢ lc
lFaL ULte steds of Ashwairt Jw o oasti W0 8 e 1o
ceptable ¢t tre ¢ L vbhale CF 7 7 1 1 n thka /00T T

rd Fras d vere no b secept 1 The,y, 1 0 repn d  thal

\b



seeds of othe v ricties wer noceratcly s cepl ble to  th

1 sect Silotrgx (Te_galellns Seeds of no e nf {he Co

v rietaice tested vore resist b to Lhis wrsect

Tle effertiveness of fcorts Cal m & L rhi.one powder

rrotect nt

(@1 2 @ 28 /¢) was zwvestigated @ Q el
agains! Sitophal_« QOry ae nnd Yraibol 1 castano n 1o ed

nalled rice (M richard ar gt a1 1990) pTter (of ¢
mont!] & of stor)e  high talily vas obser ed a1t both 1ifre
level of A calam s T cast rev adt 1 b s, fferod

negligible moriality At all  tor=age inile vale Hovevor ore

the B por cert redictior waes cthieved at @ 1 pe cent

level The con ang quelaly of mrll d aice did not dhasge
cven v e trecte ] 4tk O ALCla o riv orer nd stored for

ro thew—+ L+ bt owerttl o

Dorehye et a1 (1991} heo ¢ rried ¢ t g trral  an
=
il nka o the o tdoo storage fo s1 40 {he of 1Al
rlly

o u Faddy & Lwo cec ]
fecled fle aible I1rep
s lLermod try
HGo

cute
2 Irsecl anfestatio s feal d (o de velop 1
in he.
rd irdica ed -
o w @ Lo B o1 per nt loss 3 g
s Y eurt ¢ o ¢

o rek bolic t1v1t/

Roccordar
4 to Jooc et _1 1707 nsect
nfe%talor
b/

A0 ic } A L m 1 \ f
Ty [ n] [0} Rh Opce 1ha (JC)(T]J!' 1¢ 3]
1/ L 3 b LCarL g
ST arate rd 19 ni e FUrLl f:l(‘.“{ o rce u I}
& bStt:trltl 1 N L Il
3 (|
J "~
| | | G Q Co tE.f"l ly of 1
3 Crim
e, oo 1 () pper o Ml Oeqr £ ¢ r 11 &
t s 0 t o (w]} c

\1
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mnfestalion le € (75 per ¢ nl) Rhi o ha deny o rca od
si1gnrfaca b {r B 0%) decrenwme n o tlte propo ta af m }
malte in  ahe t nd so 3l o grax o a Lo le af
endo=pcrs conte tuw brt tre decrea de to T iranariom
dam g w s nol 1) firast T domi o 13fest | r dad ol
~1grafie ntly cr e the 1 ¢l cort by L gnaf ¢ F
ediclyy ye©o wliced at 7% per o A 1frela  an ly
T agrom 4o M ed populataion of ottt «f oved termedy b
changes ar m ner 1 conteals 8bto ecge f riaife tel ar
for 1 so ths dad ¢t ardice <ry ppr 2 le ct ro%

levecls pof 1 min vl

U e cf fo d Actavar d | olan  (0A1) to cr by ]
1ifestat ¢ of . palddy Fy 1 =op f tectle 3 aper b
dominy Sat pfad s Oy € L ab d n owe. o
0, a=th 1___ = v2 ensxr L3« t© op olorager  cnnd t

e % ltig ted Iy Ter m 1 rd I to 1 19927} Mreo tme 1

Lsed ™ pr N oryrlnar o v 1 {pn) ( L
ert/+) 7T R e/ ) R 40 je con 7o AP e )
C Aan sto ~d 45 kg ] r 1 e b ol fl T
N da d g lac Led o @ 2 3drc [ T oo +  hee ¢
ALl 1f es  br Aimert o C ko o 1 <
op l=xbkac af e < te nQ v 3 rhecry
demir, o L - & Jd fa n M 1 e
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Fa+ boil g ve fouid to edice the m crobaal poprlati n

g arp ove head aice recuvery or sturaze (Sangravadivel
nd  Anl oo 1929 ) Cialbkan ar pa b vied paddy vs aleo
bwor ve [ o lo mac ol 1 2 F o res Furgr such e

(] (A f1_ 0= nNep f_ 1ate, and M p naae nCCL e

Jur ng cwip ele y dd yang spe Lxlly AN O 0OR Teact

Pepa bl Nna vas found to  decrease 1 crobaal population

(A trar (1797)

Irwg nd It} ned  (1997) =t daied thermile spp of
L red gr an 1n a tatal of 108 semple of shext bh ley d

ce Haghe ¢ u boe uf spp «rd Faglte L popLlation densaty

ob rr ed . wn o1ce pat o larly due 1na Nove ber

According  te Lu ntellrl  and Dadha  (1997) eggs of

IM'dor r ¢ and matt & la vae nd pupae of F ant> punctella

vere fTou d to be tolerant ot P@eC and 4 and 48 hrs of

o Jast e lo heal ¢ eqLl ed respectirsel,; to prev nt  their

s ¢ 1 al R osed or the {1 ding= of tre e perirert =

nb nation of lov ressLre ncreastd temperature  and

arbordic d & pue & vas found colffectwwe for the
in t on of €t n gas [ clagang

o IntiLence of storage structures on the quality of

stored grains

Var uts cype of indagenols storagc t uvct res are Leed

Irdin beca se of 1ts vastnessg varying climate and



frr ol 431 J tt r } 1 i M et ed botlt

1 b U [ N Al vy o s =t d an b In Indan
tett p nd o 1lel race o =tored f lorg te m

Inm Ia op lar r ae st L esuw rnd v e gunny

us  a =1 lge it sto & ctrictures varaied vath +ho

eg on Acco dang ty BFosh gt a1  (17%648) only old bags which
ave beer =id ce lag  Tor the «tc age f otler fo d grairs
fo a wee ¢ lwo a @ employel ftor tre «L3 oge of paddy He
s fur o reporked that peddy when slored ar open space
dameaoc by rean o =lo tage by e cescive driage die to

pasire to sur or attacke of roderls and bards  are

possible

BlFosl| et <1 (19746) rejorted tlat wooden baine of
va r1ors dimensions are uwsed by culti ztors for storang

[ addy

In t 218l rces ithe Tirs are merely bo es made
t.irefly of local wood The type of ec=placles found in same
parts hee « specially censtricted =mall safe room= lnovn  as

Arach which 1s made of well Leasoned wood The receptacles

re geter lly located an heavy wanfall « gas

Acco d rg to Bajvan el a1 (1992) for short periods of

three sonths storxge gunny bags vere found to be effective

As sixled an v+ port of ICAF (1785) aice i1s sto ed in

3= witlk proper ne wvres to cvoird dameg du ang storage



Feoce s regua =d to bo =to ed L lov tempe 3kt e for a  long
3 1t ter e v ttout Yova o 2ts g 1 by (St amsudan
e 1 3170 I I rang ¢t 1 =torci hag at =a

lenperaivre of L5cC vitholt ary d n ge (Sudbyada 1781 )

achr a d Dalsbinemirih,y (1791) rero ted +that s:1los

atee of nelal s concrele vith ¢ pcat of 7% 50 tonnes are

b o fr P e enty 3 mo eture nd rect Ce ®1i= with
noi Lore  lan of 18 to 12 re ol cen =lore ell P to
20 Ahred { 787 eported that bu F storage i1n silos
] Jotw b n ok effcrtr © proast. atio oe thod A% g e1in
T st e s cvr~f 11y opnt olled nd & lm fenig b d
Felveer s cb 2tor g sysles anm a she!l nd  aan open
epace  vsed by riols race millaing companies the open
a | d 1w e ted to lloe more d Lerioration by furar  and
=p  lweol s h at arnd  ralsed concrele platforms 1s

ecor erded fo uvse vith the oper jrocedh o (Ahmed 1987)

fccordang to btraishname thy et 21 {(1997) the fle able
po les sitccessfilly disirfected were veeftl for storaing 1
to 108 Vy of 4 eins wilh varyang @ post & tine and vas
efrccty @ and ane pensa @ These po ches a reported te  be
reaso able 1f handled carefully Fingale (1999) reported
ttat Ll e 1 ro tant consider«tion of rodern storage
st clures Are the ecoromics and vait-bzlaly of & facilaty
1T o« fa tactla satiation and 1ts cepacaty to protect a ain

T on Tuve o L1 1t

W



In & pc oL L ocor) L dbry L 30 =t 1 (1987)

moietere o Lenl d lenpe atl o vere no 1to ed an tvo H3Gtg

teel =1l ore a Teted rd tte o Fo rarstlated frlled
v Lh L o e du ng two tcnths st a3e triasls in -
Elropto cl om i Tr the T2 L T L rements

nd ca =1 con ide able  ancre =g in e strre content 3t

criaan 3 otaars o tle o rsulnted s 1 abo £ 7 er cent
rontent 1 tle top -trfaces ¢ Lhc cer n both and 2 pe

£ 1 d 1 per ¢ 20 moasture =t tlte nmawtlh vall of tre
Ll stk | oand a1 stlated Lins  respecrtively When b 1k
era o nd Fead sp ce ventil tion we rrlaed doerang  the
eecand trr 1 ard moaslure content of the stored graine ere

P oaxied + 2 per cenl

Slorage stricte = uvsed for =storing rice greins will
“leo anflie ce the antitatiy loss in ~to Age Dampnersge
Jd  =eepage ihrougl the fluor o« e reported Lc affect
Ive sely t = qualwly of the lo er po Licn of the |etp  and
e lover begs of sinct 1f stored ar bags Irdhudhara seamy
e _1 (178 ~po ted that milled rice to ed in racks for
ontkFs or rore rfered stb tantisl loss of gralaity
Arcord ng to Dorabye st o1 (1991) diring otorage of paddy
gker vrell & co  ent ay esLil due to moeistLre

condensilinn effect as revealed on the nder side of the

[ Inre of tle st age st wete e
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MATERIALS & METHODS



T 0 MATERIALS AND METHODS

Tre p esrnt wiud on 1 alitatr & and Q qntltathﬁ|
L! anges an siored rice 1s an wnvestigabk on or tte effects
f to 4§ o iFe= 21 slo et fo diff ent du 2 10oms  1n
ffe tr ce taanere Tltas nmel 3 d en v @ coenl of charnes
1 physacal  =helflife «nd o gwnolepta p operties of av
rd cooked sanples of | agh yvieldl g o8 well as Jloc~l veraiety

i xce strere) for v months

3 1 BSelection of Rice Varaeties

r om naong the rrrors hagh yaeldang va i1etivcs of raice
vilved by rU Fed Ih aveni wa- choe for tre stidy s 1t
i} th= popular high yaeldaing veariety, Rice needed vas
| o  ed { om e Insb vetaoral Carm Vellayear2
Thar o aAanar [l apLrar For conpa 1son tocal va 1ety
wchivathu nom  as PTR 180 wss selecied becavse thas

riely 1» s0pularly ctltivated by local fa mers

~ 2 Selection of storage strictures

\
Sto age st wvete es selected for the study were wooden

slorege wirvctire (Methayam) gL ny begs «nd the storage
bane advocatcd by the Department of Agricultire The above
Lwd  rice ver eties were stored for & months BLnny bags or
J ko sack t the o diurwy sto ge st Lete es in whaich rice

1 stored by the locsl “gsrmers fo a short period FPathayam

ay






1« Gunny bag used for storage study

used for storage study



3

18 1 indoor wooden st Lol @ el 11y, eclangtlar n a3 pe

Tte constructioy resenblcs thal of boy vats = ocof Motal
ban 15 the modern storage stricle o Lt p o rdes ma 1mm
possible prolection from pests «lleows cont oulled  =er trion

and allows snoolh 1n and ovt moveme 1 of g A (Fag ¢ 7 %
™)
23 Plan of action

Starage of rice varieties

Ten tg of tle tvo race varaiet e= ( nhe tod) me [ ored
above vere elcred in & ch of the 4 ee - j =k Lt oF
Temperatwre and hunidity of storage str cte « £ the 1n L a

and d rarg the time of suwmpling v recorded

~ 4 Periocdical withdrawal of the rice samples

The rice va elies stored n the st 1 5o Fores
vere thdrawr every mortl Lo ascerlial the L =ect
nfestation loss and o ganoleptic gural ties of L=

vetrietlies Tle raice in the storane slriclure vere stz wo or
Thorouchly my ed and 109 g of the = rplc ve M rmcomly

L Ver

T 5 Parameters selected

[ararets s sclecled to roratl v EFe Felll o gu ] of
elored rice arieties ve @
3 Grair consti tLerts

@ e s ol o r et 1t s



- Insect anfestataion loss
4 Cooraing qualities
Organnt plac g laties ar |l

& Staitability of r re bused o cparation

All the above parameters & cept nsect arfesttior loss

and organaleplic guslities of raw race sample ere
e =rtained 1n the arataal ~ frral e of Orajc
stidy

Grain constituents

Ir vraw rcample wrder g ar conct e ts 17 bron
5 ch as noi uwioe p tein norp otean rl ogen acad

nrierals a d free fatty acid-. vere «ttempted applyang

tiniversally =ccepted laboratoc y technigques =nd detqile
roerbeararg  lo his re presented ar T F1 1 T v rice

mples selected «re m lled and ground = 4 1he eata o 1e
carried o t talarg * 10 g of tte ar ric wmples focr e b

p rareler



Q1

Tabl= 1 HMethods is=d Ffo Aanzly=ing the con trtient= of

ric~ grains

S1 No far stituent Method= s~lerted
1 o _-;0 s:_ = o B _;rdﬁ ;h__w ;_;m CFTF;? n “— ke
~ Prc e Ha | and Czer ( 96 )
fon Protc n cosn Riat vy gt =1 (127 )

= Uric = d Sel oson {(1°&7)
i Mre «1ls Ject on { %7 )
A re~ Fatt ~ ads Co org Foer=on 1982

E= 1 taon of ©C axr oret tLen = ckf as  redt 0
sLgars nonrodecing stga s starch and total a2n lose  rer

atterpted ~n rav and cooked rice ssmnles

Table 2 Methods used for determining constatients 2n  raw

and coclted rice grains

S1 No Constituents Methods selected

1 F~dicarg = gars Amanoff et 21 ( @7C)

2 Monred cairg = g= s Aminnftf et a2l (1973)

- St reh fmineff =t =1 (1970)

q TolAl amylowes Mac card; «rd Haz= & Qa

Physical characterastacs

o v
Fhys cal characteristics such as thDLsandgw91ght “eac
rice gsield total solads iscosity and gelatanaisat on

temperatiLre were ascertaired in tle raw race samples



A 1= flechods =«d *o determ ne physicrxl characte- st

of rice g aains

Tn and g n weight ™ rdF et al (177
™ Hexd v » , eld Fa) € shra Gaa)
Tc 1 so aifds Fe o n « &_ a_
q Voeco
Ge ¢ nax ~%Y un Legperet  © * P e dere 19 )

Incert air festotion loscses

Ferimndzc=el =t ma ac o© resrc fe ta 1or lo = Fres
carr ed © h determain ng o=se= an const tuent £ ot one
pErcent Qo LoES die to p =t infesl-tion grcroba
contAam raticn ang insec sitscept o / =nd percentage  los
die co post irfe=tatior ere dexermi =d in the sample= T =
SEMP 2 Whas Fen milled and gro rd or the est ma on -
los=es 21y rons 1tient fractions= nd d = o mare by

contaranation Ly serial diluticn cechniqg e

Cooling characteristics

Cool 1ng ha &t =raictics stcl a aator pta e optimu
cool ang tare =t ctines=e /0l 1™ & pAans A0 swel nre nde
and griel loss vere de er ined ar 10 to 7@ g of tlre wmailled

and coocked sarples Lsirg stande d terhnagues {Table 4)
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Table 4 Methods Lsed for estamating coolkaing

characteristics of rice grains

2\

L Water vpl te Fhattccharyn and Soubhagya (1971
Opl & ackany L & Ittt ct ry nd So bhagyx (197 )
Stacl ineew Swam nathan (1271)

4 Volure e pansior Das gt a1 (1791)

& Svell g inde L and Mo er (17564
brecl 10 o H J1 a Rar . 1 (17 ™)

Oraanoleptic characteristics

O gr lTeptic bt racterastac of different variebies of

|1 ey 0 led an U ¢ ar ta I d finsl  skages

1 etorag Fo the condict of acceptcbilaily tranls 1a
ran=l nemb rs were gelected by t 1angle Test (Jellinks

J

1904)

The o 30 gralaity attrit t &8 =cored by the Fanel

meml.ers or v Y point hedoric scale we e coler herdness and

O oLr AN ras  Fice samples AppeEc rarce coloer flavorr
te Lure L ste and dornerrss we ¢ evaliated n coobed rice
% f les The Fenel caobers vere g1 en +the prepared score

ca d in which scores for the runbe »d va 1@ties were given
afb v testarg bthe sxnples Score stkeets upto 5 scoare= for
e ch of thesm cha acteristics ve o tsed (Swaeminathan 1974)

DL 3= pert wnwng to the score c rde sed fr the

& | rwments a ¢ precented 1n Appe dices 1 A d °
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RESULTS & DISCUSSION



RESULTS AMD DISCUSSTON

Ti T it L on c 0 Aalat t 3 3 ntatatave
| arge sto ed ce p e ns A co prehene ve winfo mat on
no Ll ¢l 1 f g 1l lie o fesl ] raice se plocs v

2d Thrraiven (RT) nd lochey the (FTR 10) - ored n threer

b fer oo gt Leelk roe .} e 1ot ovyan g v bag o}
=ro ePQe L cr 1 monthas th cference to chanaes in
) renoemtilbe Le
)y Ph z 1 characterast cs
f ) 1T e t feat 21 o =e

) Coo ng cha wclerist cs
Qo ley w3 1 hae i

) 8 1kabv 32t of re based p eparaticors

Ct ] = hY Jrain cor latienls 2 d re noleptic

M alit es vere delermined an Aav and cooked rice samples

The= temp rett & «and tL adzcey of Lre three slorage
Ereleres ere ecorded at pe i1odical ante als du ing the
Lo g e acd le rate of chemic 1 and b ological

rea * ons  ar  food malerial dueraing storage depends on 1t

ate c rbent The temperat ¢ of +the naterisl or the
=Ly ound ng atrosphere also infliences  the 1te of
£ Lione Lo ses cocour an to ed v ce smples mainl

Lecsi=e of 1ts hyg oscopic nat re The aqrain vith safe

Orage  aoAs e v also fcunme to dete r1orale die to
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Voot o r trope  bos Eh ettt N de 0l ped an

i 1 Looal ud to ng | tv & FPe ative | onxdaty

r 1 roo b otoalom in {o rd greon 1lso foond  to

€ 1 e wlaibr v eatlk m bre ar e gar nd 1=

U1y 1l reed b the btr 3 by e f the torage

oL

oo ol B temarary to tlis o ¢ pre osrtod Ttle &

i ¢h den es o onerense wn te g tire " hum d t+ 3~ the

e e per ood prog cw =g Ar 11 the Lhree =forage

trcte es L 12 d Te pg ature r! F md v ere higre 1n
ct. tag Fo cocaparcd {o path s a o stc ge ba

Table & Crtanges 1in temperature and humidity ain the three

storage structires dirairg storage peraod

Temperature (oC) Humidity (per cent)
Storage periad - —————— —— —— —— - — = = = =
(2n months) Gunny Pathayam HMetzl Bunny Pathayam Metal
bag bin bag ban
N te 199 M . ] 2™ 09 22 3n 65 80 6% 40 “Te
ecemb r 199 A A 22 0. IR 1% & 3@ &5 an &7 70
Jen ey 1794 7 TR 27 70 2T 08 L8 TR &4 20 & 80
Mebr y 1994 25 3@ 25 &/ e 64 80 64 TB & 2a
fiarcl 1994 70 @0 28 06 ~t 00 LY L5 8. ¢4 09
Npral 994 ~7 @ A% D on &7 80 a6 40 L= TO
I tte stu «ye strucll es tte wveriataioss an the

imrperct & we & g epaler tha Lhe ol anges in hum daty These
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4 1 Grain constituents of raw rice samples and cooted raice

samples during storage

C azn corstat rt st dacd FIre st re rotelr
nrp otein cge ic el n nec nd  f re fatt
PRI s =
4 11 Moistire level of stored rice samples

Dr f d 1o alvsyr ol lesse 1sb of pcal o mn s
f oot Mo 1 re lev 1 of vri1 e = gplc s r p rt
tler on 1 fl cnean) sle aga g 3l | nc Ccr e
o sture cortert of Llerege vL tires o ltrd a b nee
g an ard iansec & pirl ons e=tl! rg n - o eRmo

oapec al ¢ a d by leteriordic

Effect o to ¢ j& poriods d =ic Cocon oL en Lh
ristere 1 vel of tored e farple [t i1 d

Talile &
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Table &6 Changes 1in moasture level of rice samples die to

storage and storage containers

Moisture level of rice samples (q)

Rice - —_ — _
Varretirs Fresh Stored samplec Mean
sarples  —————— —_— ———————
Bunny bag Pathayam Metal bin
;TB i@ 11 7@ S —14 70 ) 4 38 14 ”I ) 1;—;£
(+D 4) (+0 @8) (1@ @1y ¥ 0O 17
Fed Th avena 1™ 1@ 1™ 50 1~ =t i~ a1 1 ™0
(+2 4) A 21) ( & 07 { @ 18)
Me-n 1745 14 1@ 1 84 T A4
(+@ 5=) (4@ 19) { O 01
Mool cr 1in gc:enth051s arict Cmte; in rFE C 1N tatire
€D values
Va 3 729
Co o 21
A= revesled ar tie table trere o < v bl oo r
To =L re ca31lant  belv =2cn ariet s and 0 ono Lo go
corly ners  througlout the storag— p raiod D aimo =torage

aver e nolst vo lesel an TR LY was obse ved 1o 13 £ e by
0 17 jer cent ville fo Red Tira ena e arcreinst o

@ 19 pe cetl  This ari tion may ¢ obably be d e to the

Jrffererre an L rperat re of raice stored an bt cConT 1 €=
nang tle =lo ge conla ners the ate of NncC E==C  1r
Toast re a= giur  uvm o ir metal =tor ge bar (0 01 per ¢ 3

folle d by, g B oyam (B LY per con ) = d @ bag (0 5



b r rent) for itte tve race sanpl « p ol 1y bec v of  the

good anstletaon p ope ty of the nelal bin

Wren data on motsture level vas sletizlac 11 1/sed

a sagnaficant va 1alion was chser ed 1n the men co o<
abt-ined boctveer the tvo varietics of racc The 1 c =B 1
norstire level for 1he rice =wmples when sto ed n 1h e~

lzfferent eo tainers vas =agnifiri b & cepl betw «n r Le
sanples slared in pathawyar and metsl b n flsteract of  =ano

im le& 12 prc enteld an Cppendi

Aceec d gy to Fou oo (1987) ol d 1d cli at ma
leed o dolurioratic of ar an st rde = ch
cl nates e . 1o d 1ed to @ pocr ce L le 1 cislit e crntent
wrr less arre fourd to b ve belter shelfl fo for a pe aod of

-~ -

mor the

Tanha < d Wellacro (1987 salxled Lh t »ten 1 ried

le pe ate e diffe ences & 1st o de elon ¢ ) Ff ent p rte

f wmtorage | cc giele & 1ncre es 1 ilis = pFr ment
rorst. & 18 t reported f omw ne to co le reg o of
Lo gr an thre Lo e co L 2 er ~rlt 1 23l gc oLe
as are= 1L 71 e ressave mo te & onopa te oof he o ge
L pal b c il ougl oe F the g in anal 1ly cecrta rod

cLffre ert mo stu e to 31 miote ~pmy e Tle v 1 ta 7 1
noxrel e rv tably, be ve to Fe uffe c ir mc T o

corcent Liu dirffec nt to e en nrc

3%
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fnov % 3 (1978) v sorted thal lUle roisl conten

helos 14 S50 pe ce L assures lonaga tom sio o of  rFice

They «lso andacsted ttat vhen the rice coer  nana B0 pr
cent moistyre content vac pacted n I 1y ethylene
ontaire = three aunlts of sto «age Al ool a n ge “

41lovable =t 250C

Dramge  lose wr the rice -munp les o bted ol = Qo
the foreula

M7 11 100

Where M1 sl re of rac » 1 lce | fore storane
7 roart e nf cr =& ale fre Loragc
Dy ge 1ass ol -tored rice  ampl o prosenlec war T bl 7

Table 7 Driage lo=s of stored rice samples {per cent)

— — —_— —_—— e ——— —— —— — — —_— —_ -

Driage loss i1n storage containers (g)

Rice - —_ - - - - -— =
Varieties Gunny bag Pathayam Metzl bin
e Q n 4- - ___@_59 o ) A 0_ )
Fed TI ivera 0 Ae 7o N 10

1 FTH 10 =lcred T gt I 3 the dr aje lors d «  tm
va 1t or in aoist (14 @ per cont n omla b s oo
47 gqer cert 1 o ngy b g vhile Mod T £ o L
@45 er cerd Tr pathayan Lthe 1 2 e 1o = ¢ Lo 1N
r 1 ture v 5 A B9 jer cent of FTEF L0 vhile 2 Fed

Th 2veny & s 0 2?7 re tort In el 1 Fan th d iaoe lo =
vas ] compy el bto the other ¥ o <lcor go ot t e 3]

poer cerl Tor FIR 0 ard @ 18 pe crt for fed 1 on



Lo

4 12 Protean level of stored rice sarples
F ote n conterl of race a3 ieties ~Lally 1t ge bet oo
7 47 to 0 TBy/iBBy Ecrlier stidies have shoewn it fag
yielding race araicties verce found Lo co Lair mo & prolein
% compared Lo loc:l varieties As <ior by v 1 e ol

thke 1 1 bality, 1 p olewn co tenl of v ce vam mainly duie to

the enva crwent ain vhich 1t | s bec gro r [ wiea L
affecled by dencate ation d e to age ng of ric = fgles o
cdie to wr ect att=xel durirg rage
Effe | of slo je on tre p nleir e el of rice e3nple
re pre e led 2r T Lilc 2

Table B Changes 1n proteain level of rice samples dis to

storage and storage contsinesrs (g)

Protein 1level of rice samples

Rice —_ == = = == = - - -
Varieties Fre<h Stored samples Mean
samples - — — -— - -— - - -
Gunny bag Fathayam Metzal bin
T 1@ 7 7@ 7 @° 7 ¢ 7 4 74
{ B ol) { 6 113) (o) @a™
Fel Trieri 8 M9 a8 44 2 50 8 "g 8 =»
(0 1) @ 1@ € Y 143
MeAan 8 16 7 =7 7 T agn
{ 0F @a 27) (N M
fl mlere ar fe crxrc wrdic perce L ge 3 Cowo= r
3 oteoans
CD values
Ja @ 71

- 0 9%



Tabl 8 reveal thet bthe o was < de lare uar . 3 olex
lerel of rice semples die to storage A decrerzse of O 14 por
cert vere noled 2n Red Thraveni vhale ar FTR 1® tre decre e
was @ T2 per cent Among the storage conbtainers cavnaes  In
} otean crrtent soted in gun vy beo (8 %7 per ce tY  sae
higher when compared to pathayam (@ 27 ¢ cent) nd metal

rain (B @84 pe cent)

M CO pes ison betrcen va 3 Laes re o Jed EF Ld 21 oan
pralean level vas g ealer n local v vty (PTE 8 31 all

the trree tflorage st ctures braed

Slals tical analys:is of the data vre caled = gn Tic=n
v rr Laon a2  tlre decrecsc in rotewr le 1 ted 2 the tvo

rielie of ricc

& = gnafrcnt v orastion r p otea los f r esach
sar et hen =iorel an d fferort cont aners 4o l=n
[ uvrd cer Frel =en raire s oples storaed 9 nn lag «rd
I Pegzam Ab=1 act of ano n talble = precsenied n

I a7

[ 1a t die v b d b8 ae L1 (177 hd
¥ =21 d tli el ge d  ation } condalio < did ffeet
L yprocen oo tert of race gr o ar Tet 1T F @ . R4 an

= decre «rd vith bt oe d rinn ctoraae T n h ted

io [ vl ter d s bk oLe ice M o hia 1971
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foe damg Lo hmoay-min | ao et 1 (1°984) tarace of
L ovr ard milled rice at room terperil o cdice ) the amour
of protern vhict we soluble in per cent sodium  chlo ide

e a ezlt of protein denatiretricn

41 3 Nonprotein nitrogen level of stored rice samples
Nonp otean atrogen incluides aspa it acaid olr o e d
3
lysire The norprotein wmaino ac d r-ackion = nly 2 per

ent of (re total amamo acad ratao
Effect of 210 age on nenp oleinm n traoaen level of

e ed ricr sanfle <« & presented an I Hle 9

Table < Ehanges 1n nonprotein nitrogen level of rice
samples due to storage and storage containers
{per cent)

Nonpirotein nitiogen level of rice =amples

Raice - - = - = - - - -
Varaieties Fresh Stored =amples Maan
samples - - —-— - - - -

Gunny bag Pathayam Mertal hin
TL 1@ 51 = aa BN =0 5 @as
B 13) { & 0%) { ) t 0 0=)
frod 1t a2 er 0 & bAa a3 & 70 6 68
( B 0&) nop™) { (03"
ﬂ =80 532 5 B4 5 N
0O a8) {0 fay {
¥ ter o renbhe 2 1 dt v decre € nooroenfret N

rat coen
Ch valiLes

! M 317



fs revecled 2 tle table rorprolexr nitroocr doeo saced

tn  local wvarzety (1R 10 by @ 14 pe conl while an  Red
IThraivera 1t =s @ B7 ser cenl Arong thle silorage counlar & ©
decreacsc of @ @8 p cent v d 2 @1 po et we o cbked g
Jsnry bag ard pathayar espectavely whiler el changoes  vore
not observed in melbtal bins A dec ense n narp ote n
ratrogen y be die to thelr water scluble guality In =&
1mgh mo s v 2 level of the =te age .- chLre no p ot wr

rtroger =o teben up by trle 2 fects 3 L clang He arian s

lhe mo =te e le sl ircreased 1he e s & corr=2spond ng
decrease 1r rorprotcan raitrogen of tre oto ed race rples
Stats L 1 Mn lyss1s v 1Frd a & Ticcant At on

tle dec . «2 of r p otear a2l wger + veer th t o raice

-

a ple=s  4bst wct of a o0 «a table 18 p es~led an Cppend

A= sl Lled by U lde et 1 (1997 [ le prot an ¢ nte L

T w g ce. Anm al 14 1 cenl 1t ¢ le 1T ad no
la go vi tes 1} otezr nalroge an L st © nl
lo e ed ddeal, T wr 1011 Lo 14¢] anth of e
“ignific nt obf nges dad no cowlr an ronprot ntoan 213

| e | Lot 5 of | 1
[ c o Meddy 1?7 ) =t cl rge ar Lo
q 1t f cc nd Joves sl ~4 an tbF differ + g o
3 Liw iwn of & dtr T des Cre ¢« 1 com o taicn of
| rd d ic coan ¢ ot an f mi n toogen

1 i ot S el
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4 1 4 Uric acad levels of stored rice samples

Urte scxd = cne of ti Fajor & et o1 17 ood rcte  of

tasect re Ls Uhen v 1c acid 1= present abeo e the accept ble

Jamrts tte proh t= e ] 1 Lo f f Fum
consL mpsl
Eff ¢t of o ge= 1n wric «cid level of Lorcd 1Cw

cfamples 1 e p esenled an Table 1@

Table 1@ Changes in Urac acaid level of rice samples due to

storage and storage containers {(.g/188g)

Uric acad level of rice samples

Rice - = = - - - -— = = = = e = e
Jarieties Fresh Stored sanrples Mean
samples
Gu;n; bag Patha;am sza; ;1n
!T; 15 I _—:_m;— S mn— B o 4 a@
fed Th 2 " 1L a0 1 A @m
Mo n a6 1Y)
CD values
Va 1 EsT
Co q1n
Ja L 41~
I tered  2crm sarple I e C 1) 1= gl v

I ghcr 1n local e Fnoie o c of 3 e
L0 Lailne Tl 1 reroe r 1 el= F cr rc

~flor ge n lc 1l a 1ct FTC 0 4 g 1 Ao Fe




Tt avena HF inc var lug A g tle two arwcl ¢ h ol
vielding rirely 3 fournd to be less f ccocled 9y an oot
afestaty n lrar tte local v ra bty and herce lose d clion
of wvric cad Amorg the sto age cant a ruc r 1 va
Fecrved 2 sampl cto ed 2 gunny Fog {(Tug) 1 d
palhzzam “wg) It wx ligher an gumn gy pob il d e

bogbh populs 20 of 1 Lects vle coumpae 3 1o olh L2 o N

ur teaner

The dafference an Lric wcrd 1 1 2 0 &n b Frco
a le T3 | to L 31t C Thc r 4 d
oduelas 1 1ee nales 2 L kE ot Crog Lowne
1 13 frc nibly /ang Tho e ct n L n
rth e anorel 4 oo toa it e
tistie 1/ 1 v To Lo f r t b
T [ t I oar v rted an Fnda

4 1 5 Mineral level of stored rice samples

F oo C Cer 00f rol B f C
nl bk =ri O ] L W= 1 el oo ! nom 1 =
t te ) da F o L - [ 1 9] !

T Ll 11



Table 11

Changes in the minerals of raice samples due to storage and storage container [mg/100g]

Minerals

Variety

Fresh

Stored Samples Mean
Gunny bag Pathayam Metal bin
calomivm FTE 1 7 80 9 2¢ 9 48 9 66 9 S&
(rg) { &0 (-0 72) (-0 14) (0 24)
Red Trraveni 9 =0 9 18 ? 35 3 48 ? =7
(-0 72} (-0 1%5) (=0 u2) ( 0 13)
Hean ? 65 9 19 9 415 ? =7 g =7
( 0 448) { 0 27) (L 28)
I on FTE 1¢ T 01 2 74 2 80 T 0L 2 87
{mg) (=0 T0) (-0 20) (-0 01) (—¢ 14)
Red Thravera 4 71 4 26 4 27 4 O 4 28
(Y es) (-0 n4) (-0 O1) { 0 03)
Mear T 60 T 48 57 -1
(0 12) (0 07)
nosphorts FTE 10 141 27 14¢ <0 141 O3 141 20 141 €9
ng) (G N ( D 20) ( O 07) ( " 14)
Red Thraiveni 162 € 61 N0 161 70 162 161 57
(-1 { O 70) { 0 4™)
Mear 151 &¢ 1=C 95 1=1 =¢ 151 &2
( 0O &%) (0O 10) -
Pumber an parenthesis i1ndicite the decrease in mineral contert

D Values (Phosphorus)

<t

1 .20



A decrease 1n calcaun iron  nd  phospho s were
obhserved in the twe rice camples on <torage Decrea @ an
talcium, 1ron and phosphoris 1n PTE 12 (0 74)  wn greater
vhen compered Lo rat of decrease wn Fed Thraveny (0 17 por
cent) This variation in mirer 1s ma be aiwnl  du g rabe
wf ansect Lltack Anrcng the diffe ent storage contl rers fTor
khe two rice =3 Lles dec ense 1n «lca m L oan rd
ptosphorue vere cobse ved to be haglter g.nny by {olloved
by pallagzar and m Ltelbian Tha may probebly be die to  the
vairlation in e abt ospheric tensperatire and moasi re  athain

Lthe sto aje truct re

S5icl2 tacal analysis of the date ro ealcd bt ot theo los

nf  plosrt LS an I re sample was sigrificant 1 Lbtiract  nf

-

rova Lt le as fres  ted wn fpperd:

fice  firg lo Mt 2 (1968) las= of  lamiis nd m ne =l
1 lo tc st Jairabl itk = o ge L no mAl
candatio hte ta cald =fto ge fo v aod 16 ve=x
lad no e @y zagnafrcanl loss of 1

R 41 Lther t 1 (Ll287) cpo tei 7% per b loce 2
calcy ¢ | B8 pe cert loss 1 phosrtlo & F o . st ocgr
me.Lhods mirounl e 1n Irdinx
4 1 &6 Free fatt, acad levels of stored rice samples

S1 F 1ce b 1 lenden v to g p Lled 2 gl

Tl 2 b ouglt L ol o R Tagp r of the

Ll



1 oples F fatty cude weo o fond Lo v ¢ © s vilh the

lorege period die o o ad tior of fates on prolonged
“ta age
Tatle 17 p ezt Ls tlhe deobal 1ort araing to te frre
f bty acad of sto ed ce sanples

Table 12 Changes in free fatty acad level of rice samples

due to storage and storage container=s f{in per

cent)
Free fatty acaid level of rice samples
Rice - —_—— - = = - —_— = - -
Varieties Fresh Stored samples Mean
samples
Gunny bag Pathayam PMetal bain
F1F 10 B 71 I 1 7F g 24 108
(1@ 51) (1@ &1) +0 Z1)Y (0 T4a)
Med Thri ena 1 7% 1 5@ 1 =7 1 8 i -
(+@ 27) { 0 17) (+@ 103) ( 0 17)
fea @ 99 1 42 1 21 t 1=
{ @ 4 ) (+03 79} no14)
M rber 2r p e tho=i1s indiccetes are ease 1 free § 14, d
Differenc in fre fatty = ds 3 h oo (0 71 rc

cent)  for 1o =l vatriety FTER 10 sfler =lor ge vbailoc fo Tod

Thri ena 11 wes orl @ 17 per cenl M 110 R n 1 ce
fatt,, ocids v noted ir the =tc d 2arce Lel een
Lhe ter rielae co ¢ty La o f ce. [ LE cr s
arcre arg an P11 10 ) & te th Fed T ent

re L « 1d cc po sl or f rd to S | O T of o -



storage conteaine s die lo moasture cortent and ierpe «b re
2  the lled rice co tains anly Llrace aiasint= of natueal
«Ntioc 2darts, stability of i1ts laipads gaincc o daivi e
dete 1orabtion 1= @ pected to be poor compa ed «1th Ehs of
revgh  raice  laprrds Veriatior —wmoryg st orage co thane s

vealed i L in 711 he to ngo cont ne s ene ne o o n
frers fatt acids as obseryved rth haighect concent "t or an
3 7y beg (8 4 ) folloved by pathayam {0 72) and m £ 1 Jan
(B L&) Moa e contert of the torec  icc enmplo bed &
direct 2a1fl ence on the free fatty «cid formatior diring

i tage

Statislaickl analysais of the data re c led U L trse

iatlo 1he 1nere s an f e fatl e 1 levolas bBulvesn

Lte ilvo 1ce sar Jos and slornge sk cture nol

girficantl Abst acl of aro a table 18 p se tod n
fppend

feeo ding o T'E o liaval et oal 1991) draed aice s mple=

I I m) cel ¢ ple of free falty cids T any o ¢ od d
frec Tatiy caid corlent arcre« od ar 11 s aple d irg
sto «age

Dhxla 1 et ol (199@8) repc ted theb dryang of  padd
b fo e tew ge dad ol p odue e notable ff{ect n L fa tvy
rid coapo rtrior o oo pt that § Imatac 1d rrecre =cd and

1 noleic =0 d decreased to scro 2 ternt  fiwgher ity c d=

na



Foved o creese L ¢ montt 1o =) ok ved

after 12 months sio cge

Stidies conduchke | by Yaes tew ard Moot (1970) bh d
evealed that total fat content of milled rice remalined
corebwrl cathor an ordinary or hermelac  lurage & e wadr
range of roistu e nd temperatt e ronditions They  had
{ rther crorted bttt gross co positiw I F oL orrten of
stored rice revortheless changed with an increase 1n frae

f tly aczde wrd « decreese 1 r LLral fale

Me ctenges occur ing 1n fett,y, wcad compos + on oY
wir LCE f el Lee tle f1 var »f o edd race d o to
ircregase N lee = fattvy acide dovarg sto =ae (Famarztnam

lvella 1 1983)

Ferber et «1 (1988) aobse ed tral th 1 ride ¢f raice

cxmples (b a re o 3 nd th 1 73 pe cent noi tu e

tontainaing abort 60 (e cert netlral fol 75 per corl free

f 1L awead d 18 pe cent plo 1ol psd ¢ ~rged 40 jer
ce b one tral fat 55 p r cent free fatl tad and % nc cnt
pltesptol i n nw Lhs i a] oC =0

Lo teane =

Over 11 esgeg of ch g a1 1n Cco t oents
d e tc sle ge re 23led thel 2 FIR 10 cer aan constit ents
[ N S R | d ro Uoan L uce der ed L o tor

rale tlan an Rod Thriven Inrreasc ar oo <L re o C zc1d
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i frec f tty cad PTT 1B v ¢« nl o ©r sig2l r roend
(lFag 4)

Amorag stor ge corl iners btricd dec £ wnop oot oan nd
ra p otean 1t ogen w s greabte ain jur oy g folt d by
patlayan «nd et 3 bain Banil rly 1nc ew L N poas 1L
acid aqd f oo falty cids an L i nles c d an

rny bags vore ogre ler tlen thke ntle tro lar oe

conlerner tried (Fig =)

S3



Effect of cooking on +raice grain constrtuents

Among the va 1o s conslilients ed cang L Cle
non educing  sLgar starch and total «nylose in the rice
g 4uns vere 72 rd to be =sffected by coolirg Nevl [ veeled

rice vhen cooled bhecomes a sticlky or pasty mass depeiyding on

Ll concentratior of these constilierte Wjon etor g the
rFice svell=s more easily resLlting n more fTlaly and
irtejral gr o owaith = trar grieel becase of the ch roc ar

the abovse constitLerts

4 17 Effect of storage on the reducing sugar level of

raw and cool ed rice samples

Fredyran BLAON n rice corsiste of glicose ard
frictose DL ng =to ~ge the inscl be slarc 1= conv=ried to
< Tuvbtle stge = Redicar g stgar T{ects the cookaing o alaty

of rice samples b telang vp more water do ing cool ano

The coolang gualaty and glitieno s it » of race
1 rgel,y deread on 1ls  amylose/aaylopeciin corten (F ac
1970)

T ble 1 precgeql the ed ang =L levwel of  racc

54 [ lee cn slo age



Table 13 Changes in reducing sugar level of raw and cooled
rice samples due to storage and storage containers

(zn per cent)

Reducing sugar level of rice samples

Variety Treatment Fresh Stored samples
samples Mean

Gunny Pathayam Metal ban

bag
FTR 10 Haw 68 70 700 &@ 76 ~Q 70 &= 70 4R
( 2 7)) (+2 0) (+2 &) (2 B
Ped
Ttraveri Rew 7@ =0 72 70 72 10 71 850 71 @&
(+1 80) (+1 6@) (+1 0@) 1 44)
e ar 71 4% 711 71 0
¢ 7@y (1 7)) 11w )
FTR 1@ Coubed 70 18 74 0@ 4 ) 71 80 7} b
(+ 98) (14 70 (+4 70) +4 26)
MNed
Fh vera  Coclbed 7 0@ P Y| 74 A 74 10 b
(+7 a0) (& M) {7 80) (42 T¢)
Mc n 77 0@ 74 @ 74 00 74 30 74 &
(F2 98) (+7 7F) (+ 7=
il roan § renthcs: dicates | ¢ are & @ Ll FeC 1r =L

CD values (Raw)

\Y 0 a1



Duri g storage ret cang st Jurr level a0 race 1 croeses
Between the tvo - ce samples the incre=se vas g cater 1n
PTB 1@ (2 ©@ rer cert) th«r an Red Thaiver (1 46 per  cent)
Anong the Lh ee storg containe = Lhe incrs fe an edlcing
sL jar of raw raice sarplcs was highest in gunny bag (™ 0% por
cent) folloved by pathayam (L 7% per cenl) and melal ban
(1 67 per wcent) Reducang sitgar level :ir stored gr wn  is
greatly ainflienced by moastire and Lesperatire of the
e borage <tricte e Among the Elree =Ly ge wt L es
ol tempted, gunny bag had a higher level of moaisiL e nd
temperatire th n  the other two =to cge siruct N
conparisor tetween LUl c stored r3v rice =aapl s evexled th 1
tte ancrc « 1 redicang sutgar Je @1l vie g oLa er 1 T M

bag folloved |y path yam and met lb r

[ompered to raw ce the rod caing b levscl of  trc
c.elboed LeEr nple re highe Ir fre | rell B n
et l p Nl Pl vher coot 1t} e e an diee ra
» 7+ le el was higher 1n PTB 1@ Hove variaeliion  an
red cang ¢ ¢ r level bctveer the ¥+ o *»=iwce canples Tter
ool Lr ] as loae ir lhe =amples «to &1 29 0 any b 1 (7 9F
rr cent) vien comp t to petl yan por ce L) nd

m tl bxn ( 7% per cerl)

Tnc en o 1 redicarg sugar durang codb g mey | oo to

i ydrol /= of «tx | to » 0

St



Statasl ol lyras of Lhe d e 1 L
varialion © Lhe meanr cducing & gar val ch a el Fa the
tva ce s ples 2 ar Torm alrne vas sic facant & = ract

2f anova Lt tle us p e ¢ bked an Appendr 4

Carlier ety dac Fad amfac led +  t  totl 1 ares
= ose ani de t in ¢f brown rice decr=1 d aflc =1 aht
i ase )} orirg stor Ar arc e e 1 LoLeang o f
r ce sarple du 1ng torage vas obser d by Tanit et a3l
(1220)

feeo 1 ¢ io R L &met ad 93 g e
g eatly 1nfl on ed b ¢ perate = a-d bt leg e ¢ et by

istire co te t of the slorage ot cle ¢ AL 7%l =10
me lcd o ges nootgar level ain sto el Lee ve e f d to
¥

¥ ma et 1 1974) repor bk at 3 ke ir
19 @ sed 1 1 of f acidoly nlorod J sL) 1l

e mor o rile of tle 7 c o1 L B
4 18 Monreducang sugar level in race

Mer e a = 3 i orac o= 1

Cr cece= 1 ared © =LA bhe = nc
or g n iLe to neg x» r } h t 1

<\



Table 14

Changes 1in nonreducing stgar level of raw and cooled
rice samples due to storage and storage contaaners

{per cent)

Nonreducang sugar level of rice samples

Variety Treatment Fresh Stored samples
samples Mean
Gunny Pathayam Metalbain
bag
FTR 1@ Raw o4 10 &~ 00 5T N 67 50 RS
(11) (N {0 6) 2 a)
fed
Thriverxz Fce &8 0 £8 B0 68 0n 48 10 of
9™ (9 ) (0 ) (o
Hean 6% TR &4 80 65 @an
(B 7)) (08&) (0N
I 1F 10 ¢ uled w? 2 b @ &4 01 55 BY & BT
7?0 (7 %) ( ) (7 7
Fod
Mraiveri Cooled 4@ g 90 70 @2 79 B [
(1 4) 8™ ( B =7
e r o7 10 &7 0 w7 ¢
L7y 1 h (1 1)
M rher ir parcrthes1 ardicates Lic d cree ¢ o ¢ or L
s gar

CD values

({Raw)

880
@ 198

B 1s7



Amorg the rav rice samples « decrease of 0O 87 m cent
in nonredicing stga  level was noted 1n L 10 hile the

decrease 1r Fed TF iveni wes B "0 per cont Amo g T o

storage con 1 & < 10 age of O /0 pe conl @ 6@ p rent
"l @48 pe gnt an no eduicang svaar werr b erved ir the
g ny bag palhayam and meksl ban cspectivel y [}
¢ om 1o betveen FTF 10 and Rec Thraveny  revenle that

dec ease ir nonreducang - gar &8 greater n IF'TEB 10 o all
the three Ltorage contcrners tried When compared to  rae
r1ce sSamrple n the cooled «<amples Lthe decron e n

I o O ol W T tgar ar P 10 (2 79 pe cert) s well  as an

Red Th wveni: (0 97 pe cent) vas g eater

fAimong e stor=xy conta wy ccoren af nu cang
5 i level was greater an FTE 1@ a2n 211 U th e 1oraae
coib amers ar the o der of gunny bag pathayam  «and  odetsl
b Changes in norrveducing sigar le cl in (e stored rice

zsanples may be die to temperatire changes vaith n thre «torage

ot LctLres

Statisl ¢l wnel 1% of thoe d Le eovewlel a s g f cant
de rease 19 none doeoang swtgw level 3 lween [ ty o

va aetres of tored W rLCE

A signaficast v r taion ar L norreduoarg su t vel

wasw  Also  abserved fo ice = mple ( ) fen  sho L

I flerent c© Lainc o

s9



L0

o aim gl
Inte action bety con the arisl Lns an
r
to
. s 1 o I, i
tainers 1n relation to raw  ice sairles wa
c ntal

bee sagnaifaicant Abstract of anova talle 15 p eeen odoan
ippendl 4
4 19 Starch content of rice samples
c the 0 1 bty af
Sta ch content of the rice dete mi
ice Fen couled F clonged sto -ge of ce tader 1L teld
cond tions «ffects coolang q |ty prol bly a= 1 ceLlt of
rhanges starct f action Sla ch o tent rec wilh
differ enl arye ki it pending or 3L 1y loee yimpoo n
conlent foylose 1 te Canpo crt vili wh et tle sta ch
arant. les e f1lled vhile 1tfs cove ng cc1 tit e
nolcyecty el bt laty { Wyl g rol lor r o
leterns ey Hoe (o] 1€ AN st reh conte
€T3l perta 1 g lo the eq cF bert of rv s wet;
as Coo e ice amples «{p @d tdifre atcr g
“Onter s is pre rted ;o1 pre 1=
FTE 1@ Coocl ed 22 73 27 9p e
( 1 52) (11 17) ( a7 +1 T




Inte aclion be tveen the a welios and 1or ge

containers ir relatioco to raw rice sanples var lse fo nd dc

be saignifaic At Abs1  ct »f anav  table poocoor od oan
Appendr 4
4 19 Starch content of rice samples

5ta c¢h content of the ric dete mane Iy y of
rice Fen cor ed Freol nzed sto oge of raice rder o t Lle

conditions affects cool ng quelaty prob bly «s v & 1+ of

clanges an  slarclt f zction Sta ch contert varies walh
da fferent a 1eties 1 pending or 1ts amy lose smylojece n
conlent Amylose 15 tle compearcrt wiih vhuick the <%= ch
granc. les o filled while 1ls COver 1g con b1t tes

ylojeclt Scl Lzl bty of 1 am=e rnd Qall /(& 19

i Lle mires Ftle hange in stwch conte b

Detnale pertairarg Lo the 1« cF corlont of ra o &ll
&> cooled ce ==anples sto od n d ffo er ro anc

co Ltainers 1w pre=scnbted ar Table 15

L0
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Table 13 Changes in starch level of raw and cooled rice samples

due to storage and storage containers (per cent)

Starch level of rice samples

Variety Treatments Fresh Stored samples
samples Mean

HIT 1@ M w &L SR ¢ TR o 78 6700 47 0
( L QB) {1 ) (" 7N { ¢7)

™ d

ltrivery K w 8 08 &8 @ & 1@ w0 Lota
( 1 38) ( 2@a) (1 ¢ { 70

It an (5 08 w =0
( L 41) 1 96 (

P TH 1@ (o Ved 4 3 4 @ & AA L 47 eF
(1 O (1 0 RS &)

rd

fhrivera ed FAS N1 LR | 104 WL g "
(3 10 oM 417 ( 1

I r ¢E I SR &5
( L 'y ¢ Lo { 1 1

1} nber in rentre 2 ndacate Lo decre an L co te L

CD values (Raw) CD values (Cooled)

YV 0 =22 Va B =08

C o n7m

Foto g 9"



Fe rev aled ar the table ain raw rice « ples 1 £ petr

cent starch decrease w s noted in FTE 10 while the dec ease

an Fed Thravena we= 1 70 per cent Anonag  the s=toragoe

co taine s LFe dec ea ¢ wa. 1 48 per cent 1 20 1t end
1 20 per ce L an t nny b=y p thayw  =nd mel 1 ban
eepectl ely Tre decrease i starch content of ice

amples was greater ir metal bin prob bly due o the

Nrrease 1 the irsol ble amylose fractt n on st je 4}
Co Jarisor bet een o tro rac airrie bty Eve ] h L
decrease ir =terch le el was g ealer r Red T ave than n
r7r 10
oot amy fa o nfl roo ot oo
. led 1n e labl i ocoo 1 empl 1 &0 enk
Ll dec.  z& vas roted ar PTF 10 staile tic decre & 2
e | Thriv 1 das 1 7 per oo L Ameng the Lorago
L ATere | ere decrse . © «11 U tF or ~Q
.3 Loeos 1 e coumpn L tle =l ch .. B «f
f =« h = mp A co F rison betrveen rire s mples ~1cd
th L starch loa/el fec cased o c wn ed Th 1 er 1 r ™
©rr 1o
Tte Pl vien » Lta=staic 11 Wl scd € le L
e 1L lion to vee LUle decreasc Ll a le el T (a)
Lwo (raw s d co ed) rice hples o = Or 3 v AS

= g fTic nil

L



Anong the three stormge contelr rs tsed the varaixl on
in the decreoase in the valites obtained fo 3 ice
cfafplers  was sigirficart ¢ cept betwesr patlray 71 and netal
Lim Inte action betseen the rice samplcs and ctorage
cunt iners ain elation to starch wou tent an rav form =l &d

a2 swgnificarl differen e Abstrwt of ancva table =

presetted an Appendlr 4

4 1 1@ Anylose level of rice samples

Amylose 118 the 11 ear molecular co ponent of LCe
sta ch  whirh dete mines tlte te tL e of cooled e lrgh
amy o= raco ten cccled as o €t ard b 3 and  lo not
ha den after rooct ng Arylose ontent a thes e et
1 portant craterion or g <1 guelily Ffoylo arylo ectin
ralis ae tl epfore 1 wde ed == A oandar Lo af o 1l ty
f yviosc cont bt of ace classafacs rice anfo e 7 an roor

v oy  type Total wmylose comprises of both 1nsol Llc  ~nd
s0lible ar lose Delwrls pert aining to Lo 1 amylose conlent

17 stored 1 ¢« samples is presented in 1 ble 18

L3
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Table 16 Changes amylose content of raw and cooked rice
samples due to storage and storage containers (per
cent)

Amylose level of rice samples
Storedsamples
Variety Treatment fresh
samples Mean
Gunnybag Pathayam Metalbzin
Tk 1@ Faw ne @8 2% =0 ~5 7@ 2% 02 2R 7@
(rd 42) (+@ 17) (@ 09y (16 1™)
INed
Tkravera Raw 27 Ta 27 87 ~7 81 27 80 27 80
(+@ ") (+@ 1) (t@ @ (8 "
Mean 26 ©0 26 50 6 4a
(+@ 41) (e 1) a 1
'TF 10 oot ed 27 78 T 90 7R 27 47 s
(+L 57) (41 17) (+1 09) +1 7))
Red
Thravera ( ool ed 22 =1 4 1@ 4 a0 74 TR
(+1 ~7) ( 1L da@) c L 2 ( 1 am)
Mean 24 0D PR ~ong
(+1 5@) (+1 0) (11 9
N mber n parenthesis iadicales i1-cre se 1 amylose 1 vel

CD values {Raw)

I 59

Ch VYalues (Coo ed)

@ 101



As revealed ir the above Table B 1 pe cert an shse
in  total amylose was roted an FTR 18 hile 1he inureasze 1n
Red Thri eni vas @ S50 por eent wher st rice =ample vere
te ted Among the storsge conta o s Ll rore s of 04
jer cent @ 71 per cent and @ 21 per cent wire obser dJd  ar
gunny bag pathayam and metal biay  =spectaively A comparison
Letveer rar =amples revealed thet bhe 2 SE 1N nylose
content vas grealer 1in Red Thkriveni in all tL-e <to -oe

astrictires tried

In cooled samples «s revealed in tle table 1 27 per
cent amyloec 11c ease vas obsers=d 1n FTE 10 whilc in [ =d
Thravenzr 1t vas 1 BO pe cert A org tte = orage contriners
Lthere was 1 80 re ceit L 50 per cent < d 1 "0 pe crent
nerease an gurry b g rethayar nid metal bar re pe La cly
N compariso betwesn va lebles @xled th=l tte 1ncreaze r
titel @iyl =e conteyl vas =laghtly great ir Fed Th wvena

ar all Lle kb ec sto ge contavners

Statrel cal ar lyzis of tlho del rev led = ar fic nt

v i=xtioan n the aylaoce content of & and «ooc od ce

e les T tlte tvo ecraetics torcd n vffcre L orago

rottatners Abstr ¢l of =1 v able 5 p e nted in
Mppenda 4

frcorda g Lo T Jdb dhart Tw o oay el al {1 "8} vLpor

torage for a few norits coobina of o gc 1 < n mo e

velled 12 & nd Ut griel « 1 arylo ©oeu & bow L e erd

LS



to t e the praircap 1 dete man L of £ crcl nag
ch cte 1atac He alsy »lated taxt conseqg etbly n ol Lle

aimylust. ancreased 1n stored rice

In repo t of Tale national MNice Tes ci Ire 2L Le
(- 197%) L t=as bcor stated (' b rovgh v+ ce millcd race
and s rfare lefatted milled rice slowed s nilar caanaes

eg dliuse of the To of storxje (4o or Pol) in mylo

o p otFrin contents

Mod et 21 (197%) conducted »tudic lrca re e«lcd an
increase 1n mylose conlent of & o ed e They al=o  taked
thal 1n addailior to laipide. nor lwrch ccll 11 rconspcneris

(Polysaccharides) lwo affected khe am loiy aph of milled

Lece 8Shatk v o« 1979) fandarg nlso =upport tha study

A =l ent fairdin) to be nolcd 25 + aF red  ar Lgnr

d amsloo increase at a g Le r ot oan coobe d e
anmg les LI 1n aw T uwrples Tlo decre - an nor dicann
Lgatr  Aard  stia Lh £ also cheerved 1o follo % =1 nrdar
{1 crd T+ ate of change ei1lher dec ra & 0 n wie n
Ltese conrtatients e gre froown B3 n *t ir Mod

M iveny

Cor » ing ot effect 1 wlo go ant acd
Lhe @ase 17 reduicinn 11 ad s lowe 1 1 = nr ate
4 tars =t I 2" gu ny bg thm nootler =to Age © n 7 nc

t 1cd n boll  aw 1 reoted =anples 1 1,/ 1 decrease

tL



an nonreducy g csLgar nd sterck lovel e oy v ond oe o rice
camples 15 also found to be g eater vlten Lo ed 1n ounny
Ir g fTollowcd by pathayam and metal bin ¢ better storage
s Lottt e live agelal bair enst es less d <1 tegrat o 1 ce

dvraing slaranc

4 2 Physical characteristics of raw rice samples diraing

storage

Physical charecteraistics of rice s« ples stidied vere

Ltousand grain weight head ice  yaceld total solads
v/1 coulty I gelatini =atian | b {hou S T
weaght and head rice yield we & estinat d  1nm e ce
camples and total solads wwcosily wnd gelatay o oataon

lemreratt ¢ v e esty ted while co Fainag

4 21 Thousand grain weight of stored rice samples
Troltsx11 g a1 verght 1s L veight 21 Lwotsa 1 g ans
of raice =a ples randumly selected Dffce of ler e cr

ttovtsand graxri verght 15 p e=sesrled an Lhe Mble 7

Ll



f ong thke storage cortainer there ve no chkarge wn tie
thousand grain welghl 1n metal bain die o sto age whereas
@A 40 per cent and 0 10 per cent decrease were observed in
gunny bag This may be die t1o morsiire absmorption as vell =s
tte lass of certzan constatuests of bthe g « 7 du arg

storage

Wren the dat« on thoirsand grain weight of race samples
was statistically analysed the differcence i1n Fre mean
thotsand grain weight obtained after storage was fo nd to be
significant betweetr the two rice sanples 8 an f canti
dafference was also roted an tle mear vealies obl ihed fo

the varielies in Lhe tlree sto ge cortiner- tr d

Tt anteractior betveen the rice sanrles and contalners
were alro fo nd 1o be signafacrant Abst act of v c a  table

15 presented in Appendi: %

Storage conditaons affect trotsard g aim ve gl b osance
the 1ncrease or dec ease in coria r uvnstatlienls of tho
grain car cffect the net we glt or the graans tlebb & |
Ste ner 1272) ero led that {housand g n weig t of om

afples  varied comsaderably vath the wroistuire content ot
10 tre present stidy thotsand grain serght dad aob increa e
1 Llhe jreaire witl taogher rmozstire cerbert Thas ay be o ©

ko the 1 & of g 1 constatee L on L ge
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Table 17 Changes 1n thousand grain weight of rice samples
due to storage and storage containers (g)
Thousand grain weight of rice samples
Rice Fresh Stored samples
variety samples  ——————— - = e == Mean
Gunny Pathayam Metal bain
bag
FTB 10 28 70 27 w@ 8 a6 23 7@ 7 aa
( 2 8) (8™ e ") { @ ")
Fed Trrivenzz 2 0@ 24 98 25 «v® 2 08 71 =5
(@ 1) { @ I5)
M=aar 24 &7 26 25 26 =0 hH LY
(B 4) (@ 1)

Mumber 1n  pa entlesis wndicates dec cise in thousamd aroin

werght

CD Values

V= D 115
€o @ 111
Vi Bo @ 20

The table cveals that thoutsand arear weigkl  decressed
in TR 18 by, @ 5 per cent vhereas i Red Th aven ile

decr
C =€ ves lcrs  being @ 45 per cent A compariecn bc L am
©n

ice mples cvedlcd that the dec rare was g e iler 1n rod
Thri ena  an all tre ~toragt stricti ee tricg E e at
ithe los of r=1n constit ents toob Ilice 1n hott he e
amp 1eve. tist re abso plior as g o treran FTR 1 v

miglt | orlrabh =d to bhe h ghe  {lo < nd gra n FL
ve g



Statastical nalysis of the d=tb= revealel irat tle

association between thousand grain weiyhl and no  ture le el

of stored rice sanples was not sigraficant (v P tZ0) and

details a & p esented 1n Nppoendl 5

4 3 2 Head rice yield of stored rice samples

Hend  sice vield 1s Lhe yield of hole nilled 1CE

obtained on mlling of paddy Lryvaronmeital fantore

inflience the milling deg e of sto ed ice samples E<frot

of heed race yi ld or etored raice « tles &t reser tec 190

Table 18

Table 18 Changes an head race vield of rice samples due to

storage and storage containers (per cent)

Head rice vield of rice samples

Rice Fresh Stored samples
variety samples — _—a— Mea
- n
Gunny  Pathayam Metal bin
bag
PTE 10 5 g~ - 05 (e ¢ g I
Rcd Trravera 7 Be 7 S@ 7 an ~7 ang
7 o8
(9 %) (+D B8) (@ 8) (10 ?q)
Mean v @ 7 08 ] / 40
Ca =) (+@ = (+¢ 7y

N

Lrbe 10 perenllgers indicates ire Lase N herad 1 oe 1d
AR

CD Values

Ve @ 713

(o @ 670



As  revealed ir table, headrice yield was ancreased by

B 12 per cent in PTE 1@ while tn Red Thrivena +the increase
was B &5 per cert A comp~w ison  botween rice samples
revealed thal the decrease in head rice yield was grealer in
lFed Thraiveni an a1l the three ctorage strictures iried This
may be dic to the variation in 1lling degree of he rice
samples Among the storage contwiners trere Jjas 0 50 per
cent incr ase in head rice yield an gunny bag and patha ar
nd @ 9@ per cent increase ir metal bain lle rice samplcs

stored in metal bin were harder than thore stored other
tvo slorage striectures which affected tle n2lling leog ee of
the rice samples Hardness of the graan was found to

increase re=istance to brealage diraing malling

Stati.tical analysis of the data ovealed « ~ign1f cant
variation an the head rice yield increesre A sigraficamt

increase  vas noted in the hcad i1ce yicld of the 1wo rice

samples stored in tF ee diffe vl contua ¢ 5 @ ce hetvee
rice samples stc ed 1n gunn bag «1d pathayem he
interactio betreer i1ge semples and contiiners relation

to head 1re yield v3s «lso found to be sianfaicairt Abst =ct

of anova table 1s pr sented Appendar &

Cnvironrental factors such as tame of harve Ling end
roistLre rortenl vav  repo ted to Los  TTIO Tmetlrr

arfluencang the milling recove y of rice (lforar 1981)

A



Chouvdbery and |unm 1 (197.) teaed reported that du ang
storage~ brown rice became progressively harder reswlting
in an wncrecse 1n total and tead raice vield becaLse of lower
grain brealage on milling The a tho s had alsc stated taat
the tensile strength of the grain inrreased durarg ctorage
Villareal 1 al (1976) repotrted that sto age of g an  for
lhree mont! s rec lted in more reristance tn brealwge duraing

nxlling

Breclage in milling depends on  khe ensaronnenial
fictors euLch as molsture level When owstire level of a
sample ancreases the resista ce to b eakage 23 mailli g
Lecreases Slatistical analysis revealed & po-ilyl &

ssoCiation betreen moastire level and teald raicc  sreld of

stored rice samples (r — @ 577) (Table 1 Appendil &)
4 3 7 Total solids an stored rice samples

Total solids fo nd i1n raice samples consist of mine als
vaitamirs protein n starch vh o are lost n cooled ater
Storage hw dens Lk cell v311 of rice amples wh rh  ca
withstard tte stirny of cooling re vila 3 a1 = =o 21

loss

Effect of sterege or tot 1 =olac 1 l= of acc samplos

1 preser led an Table 19

1



Table 19 Changes 1in total solid level of rice samples drve

to storage and storage containers (per cent)

Total solid level of rice samples

Rice Fresh Stored samples
variety samples Mean

Gunny Pathayam Metal bain

bag
FTR 10 /[ 7O 7T 50 T4 50 T4 9@ T4 55
(-1 4 ) ({@33a) ( @ 4 ( O &%)
Red Thraivena 3T K7 T2 8@ S 02 T 20 - 14
(8 77) (B "))y (8 7) ({ @ 4)
Mean T4 40 T 45 T 75 T4 A%

{ @ 93) ( B 67) {0 77)

M rher in parenthecris indacates decrease ain  tot«l solaxid

level
CD Values
Va | 702
"o @ =sp=
The 1able reveal= a decrease ain Llre Lo al oiids of

bolh the rice samples A decrease of @ &5 per cent 4«5 noted
arn PTR 19 wtile the decrease in hed Thr ena was @ 40 per
cent A co pariso beteeen rice samples howed bl at tolal
~olids de ecsed greastly an FIE 1@ 2 all the threc itorag

containe = tried NAfler storage among the varieties the Red
Thriveri ves btarde then FPTRB 1B mel ang tte cell 311 more

resistant to brealage Among tie sto g contayl e - @ o~

S



rer cent nm pathFey= nd B 7 Fer cent 1 metal ha v B
noted The decrease in total solids 17 metal »2n  and
pattayam mecy be d & to the he dness of LFe rice d rirg

ageing

When the dat« on total solid of the gria s vas
statistically analysed the varial on n the dec sese in the
mean value of the total salads oblained far Lhe two emples

of rice was rignaficant

The interaction betveen the saaples and containers vas
also found to be signafaicani ercepl an the case of rice
samples sto ed 1n gunny bag and pathay m A> bt cl of oV

table 1s precented an Apperdir 8

Mattral ageing of 1ce 2= reported to h rden £t o cell

wall str ctires suff riently to ¢ Lae a sneller lows of rice

s0latds anto tle cockary vater (7 dhedl = S e et 1
77E)

ficcording to A gt al  (1973) lors of «<alals n
ceokang vater 15 also rejloried to be prog esas vely  1e

vith 1ncreasc in storsge pericd © L tre < e of red cla2cn
LN wolid losg i1n griel vas found ke be infliorerd oy Lhe

terporate e of Bl Fo je slructo

fs stale by alla ael et al 197@) tae to aqe of Lhe
grair Tor as lc g «s th e rontl lic 1 cd ctia 1

ot ted ol d I 1 g Lte 2obar

2}



loss of totxl solads into roobing wator becones less or
storage It was found tlhat there vas educlion n solid los-
an the griel from thre rice stored at higher tempercli o

Stati=tiral aralysis revealod a pos tive co ol=tian

be tween temperatire of storage st tctires and totel solaid

level of stored rice s aples (- @ S57)(Table 2 Apoca 2 )
4 2 4 Viscosity of stored rice samples

JZasces Ly 15 bhe ewistance f a fluad Lo =hea fo co
ard tence to flow Viscocity 15 a amport ni ctor ir ice
whieh 158 wnfluenced by =torage ItIht 1l p o=2=5 of geLng
re 11 in decre e 1 amylolylac cclavaly o ch ac  ar

collolrdal fo n of ste ¢F f om s0l to gel
Table 28 Changes 1n viscosity of rice samples due to

storage oand starage containers {(per cent)

Viscosity of rice samples

Rice Fresh Stored samples Mear
variety samples ——m—— —— -
Gunny bag Pathavam Metal ban

rTD 16 10 @0 12 48 10 48 19 7@ 18 77
(+2 48) (rB® 4) (0 2) (& ~7)
Red Th vscra F =8 14 4@ 11 =" o ag it 79
(+4 82) (+1 94) {(+6 =) (rL 81
Moar 9 77 1™ 44 1@ 74 @ 14
(+ 65) (v1 17) (1B =)

Mumber ain pa crthe=is indicates ircrease 17 vaiscosity

CD Values
la @ =ls4
o @a »~

Z Ca 0 =17

1s



Tre table reveal. that there vas 0 /7 per cent ancreas
in PTE-1@ hile the increase in Red Thrive 2 vas 1 80 per
cent Among the storage containers — 68 per cent 1 17 per
cenl and 0 75 per ceat increase we e nol d an gy 1y bag
ratheyam =xnd metal ban respectively The viscosaity of ice
s mples depend on the solubility of anylose ard  -mylopecelin

fraction of starch

Statistical analysis of the data revealed a aignafaicant
var ataion ir tre mean viscosity alies cbtained for fthe i1vo

1re samplcs atlier storcge

Variation an tle aean val €s for a.rosiiy for e wh
ve 18ty wle stored in differe containe w3 alza  found
to be signaficart e cert betwecn 1ce s« ples storcd 1n

ralhayar nd netal bir

Inte action bete &n the va jetics nd cort ar = fo
viscosity of sto 2d samples we e also found tc be
~tgnificant e cept betreen FTR 10 slored an p th v m  ard
netal bin

ficcording to Irdhudhara s« any ¢t 1 (1978) th re secs
coisitderable and corlintols ohange  an the v oerasat
parcmetcrs 1t ouglk oul the storage per od ond tre 1=cosat
ot 1ce paste wncreased al ambient tempe L re

Fagha ¢ drre Ro =« d Jllacno (1970) Fad ardaec led tLhat

1ce walh hig mvlowe contert heeed a d = L € drop neak

viascosity Lpor parborlarg as cerpa ed ath lovr amylo = a1ce

1k



Viscaosily of lo d rice samplrs  Jepended on bhe
solibility of amylose Traction of starch A high amylose
rice showed high iscosaty valie ad the highest viscaosaity
increase Indhidha & Swamy et 2l (1978) aported  that
ageing an rice 1s a conbtin ous and ratle indefimite process

and a high anylose hard gel rice shored haghest increase ar

vaiscosity level

Statistical anaylsis of the data swowed a pusitive

significant association between amylose nd vascosity of

1ct samples on storayge  (r 0} @) {Table n appe dr &)
4 2 5 Gelatini.ation temperature of stored rice samples
Tre rang. wf remper tire abt vhach tf Jjel tara or of
st srck tcL = e called the gel-atin b on  tenperatutre
C1 t2 2 cag tenp rate &0 2 Affected b tie starcn
f actzon 1n rice Storage briajs tbo + hanges n <i3rch
conteaits of v ce Cifect of sto =ge or qelal 11 e blon

lerperature 2f sto ed 100 samples 1s preccn ed an L le 71

1
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Table 21 Clranges in gelatinization temperature of raice

samples due to storage and storage containers {(oC)

Gelatinization temperature of rice samples

e e — —— —— —— —— —— —

Rice Fresh Stored samples

variety samples - = ———— - Mean
Gunny Pathayam Metal ban
bag

F'TF 10 39 =0 87 60 89 60 a9 90 29 40
(1@ 10) (10 143) { @ 78) {0 1@)

Red Thrave 87 06 87 20 a7 ~@ 87 =0 87 2%
{(+0 20) (+@ 7Q) (+@ 50) (@ 78)

Mean 88 25 88 40 88 4= 87 &5

(+@ 1%5) (+@ ~3) (10 4)

—— gy L)

N nber 1in pa enthe=sis 17dicales ivicreace n aclalb n tion

& Eraturs \

€D Values
Yo - @ &&7
Coa g 71
fs re «lcd ar tio table arlalbant tio terper turce

inc eased by 0 10 per cent an FIR 19 vhile n Med TF iveni
i1t vas 0 7% per cent “Tolubility of starch fraction mny be

¢ porsible far the increase ir gelatiny ataon tempe ture

f org the strr ge combt ancrs b} et = ore o f 00"
re cent 0 7@ pe crb and @ 1@ pe rerk axn g nv Lag
pothayam  r )l rmetal bin re pect: ely The =olub 11t of
=1 cl rot LCe s encion f 8 st d ¢ 5 ples an
{ nn ot e vier 1 F ¥ & 1l o oE

1 ¢l B & Je st rs
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Staty tie 1 r

in the on sel of gelat rication lemperature betwson tho

rice samples

The 1NCT gase
21711 fac nkly
daffcrent cortaine

p thayam and gunny bag

Vetr /1 g

ly 1o reve lod ¢ Aaf rart v 2at on
two

gelatinit atror temperature v e

in  the ice nples st ol n

= rept belveon r oe nples L el ar

Hlal = i et =1 (1984) reported tr + con rg onl  *o
=Loragc in stored rice graun gelat ni1 tior on=rt
{ r ratvre vas e=agn Ticentl, effect J 1y tFe 1 vel of
sla ch f action an the r ce s spension

A slagkt ancre e« an gelatana  taor L peratu ic

anples trruigh oul Lhe storage pe iod v s epn Led b
1 odivdhn aron el 1978)

fmong L pl y¢ <l charar ¢ 1clics 1 essed | and

g in eveinhl nd tatwl solid le &1 of e Tarpl vE e

fo rd Lo deue esbe g eatly 2n PTC JO +than wn Red TF 2y v &n

rocse 1 exd rice yield 2 coelly o gelatira ataicn
le 20 ature W = obfrec vd oz c 36 2 | 4 Th v 2 Fn
co pared o FTE 16 (Fag &) Arorg tre slor ge cont ine =

Lo dec sas=c

e tho s 31 giraan weaght and Lolel =olad

1o el

v 0 eatcr g oy a followe | pnbLt Treo t of
re ¢ e fc the e d 100 cli ~nd gelata 1on
e permte ¢ var great v oar g rny b o3 bt othc tc ge

A%
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A

containers + ied wh le the i1ncrease in 1sC0s tv  pns

greater an metal bair (Fag 7)

A fpo alive ar ociwtion z1agnirficant vas fouad to e o1 4
tetween he d race yvaeld and moisbire le ¢l of =lo cd rice
camplres e well aw temperate e of sto age slruicl res nd

lotn]l swl d and betweer «mylose nd 1scowatby

4 3 Insect infestation level of stored rice samples

My species of arsects attechk star o reddvy v d raico

bLl only « Ffew carsce seriols 1nJiry 1 d loss of girawn

H vertltelegss the denage caus | by  th nsect may be
nzideral i =211Ce tkmey not 3 ly rene n oto ed g e 1
re s Ll al=mo co | minate them ikl 0 sect F ogneon s
fegre = 4+ Lbng «wrd 111 smelling malibolic p odicts
I 0 trenerts of orl wr Lempe Lo & =l taive homad t 2Ty
birer t 1 va les v th ins rt epecles e ns ot o
To nd wn Lthe prece t st dy waes totrogs core locll=x

The @ tent of loss due to ainsect attnb deporde on the
c Forospher ac cordition= at the place of =lorcge tie ergt
cf «lo 3 rd the m thod »3rd roaditio f A 1 Nk
13 per cent of tle le=s 2 oboe ved to te & pl e 3 1 oddd

de ng sto ge (Julier 1984)

Frr tf 12 e L oamfe LU r ~i ol 1 {

¢t age 12 3 e~ 1 A Tabl 77



Table 22 Changes in insect ainfestation level of rice

samples due to storage and storage containess (g)

Percentage weight of damaged grains

Stored samples

Rice Fresh Mean
varieties samples -

Gunny Pathayam Metalbain

bag
I TE 12 o9 B 70 o at
[od Th avena 2 9@ A 67 B e
i1 D a1 B &9

As  td labsle (veals 1nsecl nfest laon tod 5

Frr 1@ arl Red Tira &n1 Amona the lo age 0 oG
} re d ged bwv ert=s ve F notel ¢ 117 1A 3 p=

ce2 t) ard fcd Thr e 2 (@ Q7 p cent = nopd 1 oou o k=g

riale anscel n st b oon was le = ar K QA B 7N rent)

d Red TH o veny (@ @7 p c 1) slor an p r N
¢ pari=or letbtrec we s apl reve le i bt =t FI1T 12«
fye affecl d by 1n ot an L e {vo slo ue sir cl =

3 n ban d p~tl o

Arng e ara cor te w o LF cot taior

5 a-wre r Lokl U « et ec o l o [= | T
bows 1 Lty 4 e, nt con i wure ar de F
g nygbe The =t [ & 1 or Lo L. 1w ha
[ Ct e todue ti f el an I

tr A Ll = ¢ nil Lions b i ffe ear ] Lhe

33



rattaszam a o ar the nelal ban F ther contantove onéry of

O ganlema { 1 0 Lol 18 po 8 ble 1n the gu ny b )

Tre 1 crease ar ansect anfe {«ta2on an I'TR 1@ m , be due

le 1ts hagh roiste e level Temper tre b nid ty and
i=tere levels ve o tagher zn Junny Lag v hen ompa &2d to
other two storage slrecte es [Mrobably Lha ma, bu  the
€ von fo the higlte roate of ainsect irfestatac am thas

wlorace s1 Lcicre

Statistical analysis of the dtes re caled no
significant varialion ain the rate of insect nfeslation

Letvreen Lhe Llwo raice rarples

Changes ir the quality of rice store! vpio one ar air
1t ee diffe ent «gro climatic egirons of Anda a Fradesh vere

Lidacd by Fuehperma «and Reddy (1970)  Infe t anfe=iatior

lernal dawsage and  eight loss ancrea=ed co ecpord naly th
Lte length of sterwge in 11 cgaiore 7t ice Saple of
coaslial ¢ @ had Hagier ansect infestat or level Lo the

Q

trer L 0 o Cus

]

Irsect anfesta cn  ac recorded «Tter sa mo b Tte
infestatio tas not fe nd in raice samples sto ed n met 1
bare Wtale amn  the rther tvo <ctorage sl Lct e irsect
infestation va= fa nd «afte 7 mo H s Compared to ata om
r te of ar estataon by i1rscctl et higher ar ournv b g == 1t

r ov del t @ aAarhie t te sor tu e v oadyity ne alke

Bh



conditiors necded Tor the insecrt groeth tunny bao=s ~arcoc
neither rodent proof nor secure from fungal or nsec  attac

while metxllic structires of the bins offercd beliter
r etect r agrine=i isect 1 rodenl =l ¢ s £ 1 nme

TIiLwELrE Qecin

A= the rate of insect infestation e tarced the protcan
content of L e stored rice samples vere fo nd to d c pase
" ong the two variecties the irfestostior le el w s gresler
in PTR 1@ ] e to 1ts low resistAaice to insecl  attach v 1en
compered to Red Thraven: The role of deo rease in protean
level was also grestc 1n PTE 10 Among Lle cont wno ¢ race

mple=s =t cd an ju. ry bsg we asrly ff cbked Yy wnoecko
id the decresse in prolean level s 31 o g exter 1n rice
= mples stored ar gunry beg wlen compa ed  to olher two

slorage str ot res

Glata taical n otyeas  f b dale b acd =1 Live
=igrnificail =Rssocialion  (r @ 3475 fFetw en L e =ke of
aneect arfestalior nd proteir content of the st rd ra o

sanples Details a e prescented 11 Apper fn &

Accordang to Jood et al (197 ) R __operlht  dommics
p tdiced s gnificx | ediction n p otein nat coen nd tr e
proteir centents of raice «f 7° jer cert anfest btion b L the
p otean doc ens a8 not siagnafircoant at Lor Lert d "0
jer e b3 ovels of 2 e b lLao 1o 1+ e rort rie of

n1lyogenoe gnfo ri lost du 1 g periodi 1 1nler 1l of 1wo

)



onthes <t te f1 { fuo r ao bt} aof slu 2 ¢ we e fo o to b

narginAal

Irsect arfesl tio cevs d « declir an prolocir  leovels
f om the first Lo nimth monih of storzne of milled raice
{5 ed  ce ves 1 fested © 3 greate & tent 1 r  tard
pounded nilied av and parborled samples after btwo montho

ef o
f storage (Cxllibo DAqu1)

Insert wrfestation vas ot fourd an rice samples stored
in metal bins after =21 months while r gunny b-ag where
va 13lion 1 T 1st re level e 0 pe r t 1 se L

infestation vas arraler

Tt w & found Lt an ancre e 1 ra bt e =t L wrside
lhe storage ~truciures res lted in a highe rale of 1i1n=ert
i festatao in 1t wtorel race ssmpl =  or cr ove @
Moist ¢ 1 nee = vy for tle growtl of rsect nd tle

ecsraratio of ansects an toerr can trens{er mor L e through
o L the g an tochk 1 8 an & =1 g fo  molet level

Atmospreraice  temperat re «nd P omadaity Al=o cunirols tle

oist re poocd cturor v the staorage oo tawne s =por ally
nside 1le J nny b 3 Among ble raice o« 12 biles L rece b
wnfe=statior as vell =« moiskire level -5 g =ate n PTF 0
= at b oorbs ore 1t or { om n I tt r |
Tty  eni iy btag + s p oved to be an ¢ cellent ned 1 fo

nsect anf <t~taion <2 & 1t ot orted more o st f om tt

wrorm L LE N rnoooer e 1 o Cou

b 1%



St~taistac 1 anly=is of tle data e e led 3 =1g 1ficant
wmwrtive assnication tetuwesr insect 2n“ocst tion and mo «ture
cf ctored rce canmpl «  (r w77y nd tle debt 1s  «re

r ented 1 Appendys &

Fhe polyeth/ler e pocl ed raice stored =l 25%aC vas  found
to be infested with the species of A=p alacrs and Asp
o tractis qgroui bty Yanga et 2l (1 73) E owr ricec
cortainaing less than 14 S@ pe ce bt of moa lure co3 btent  dad
not show change ar furaosl pecpulatizon after storege faor 170
days Facl «ges made of materials vith lov permeabil vy to
ga.ce  ainFakated th growth of slorage f gt 217 tle p o wd

ce permuibtLig e r pid re o plron anoo ars af o ygen

T o series of samples of ouvah race ore at 1 4@ per

ceal morsture and the other at 77 60 per cont were ~to ed air

eletaive | rdatres  eowrgaing f om 62 to 100 per cert The
i vilance f mold d the g 1l Ly ch  "wede astie of  Llhe
r e ere lclcrmiied after 4 8 and 188 days =lorage

Analysis of Lthe rountes of total ficld -3d sto ge molds
hoved  that anitiwl]l meis wvre content, vl tave he adaly of
le age Lon of = wge and 11 Ho 11ler el oon ve o

laghly e<ignitacant =0 rces of v raance e datl Lrihe

indicated 1hat Lhe conposition of Lle mold florix of stored
rice i= & tremely crisble and aay  ctboge  rapad] rider
varyang Ly ege Lo hirons Yoo lagt 1 v 1 of L=l olic

cta aty f Ue tol )} mold (lors rallre 1w cerfa

21



g oup of f 191, appe« &d to be assoc taed wi | dele oration

cf tored raice (Sch seder 196 )

Inpecte besides  ansuming the graime al o nfe co
th 1llFeir metebelic produicte lile uric ao d U ac e d =

noted onl,; when ti 6§ &1 werc » tacked by nseuls

Urte «wcid co ceniration increased vith ile rale of
LNL 2ease L the r<rct znfestation Ir TR 10 bl ic  ~ecad

encer tr b o ves g ooater lhar Fed Thrave 1 die Lo gre ter

nsecl nfectation level U 1c acid content wac a ate an
irF srles stored ir gurny bags Fellcy d by sl ol mpla
1 path v

Slatrostacal & 1lysas reve led « fesata e s gri 2cent
associzbio (r 0 488) betveen ate [ nsect intcocs atior
d wvr c cxd lcve of stored rice seniles rd ickt le & ¢

p esenied n Apperd &

fcccr larg  te Tood et 2l (199 ) «agnafac L v o e o

vas e ded wn the ric acid level rice sumples h wvang
= Rl o 7 pE #ri arfostet on t Ireqede 10 Q230 &
and Khi » & {1ha do inxchy Eoth lhese 1 sect spect prod ce

ceeptebie  lamat of uvric ccad coun erts o er at 3 per

infestaliao level

Imsmect arf =t taion 1r {lhe =tc wd ice & ples  wa
e=btamat d by thr =1gbhlt of damasged o wverevailed g a ns L o=
¥
1 fesiatio ez {fo nd Lo te hagle n PTC 1€ ih in Fod

Tlr e 1L

3%



A positive saignificant wsociation wes fou d  between
insect infestation and grain const tuents like moistL e

protein  ond Lric acad of stored rice =a ples

4 4 Cootl 2ng characteristics of stored rice sample

The coolirg cha arteristics of the rice variet es  vere

assessed |y dete rining the water uptare optam m cool ng
tame slaclaress voltne e pan©ann  swlllang inde I are 1
loss
Tre cookirg q cl2ty and glititinou ntle o cof rac

levrgely depend on aFs  amylcsc/imy lopec 13 ral o (K3
1970) Wxbker absorrtzon ard voul se e p ron due oxrg  cooking
we e directly affe ted by amylo o conte Deteriocr L cn  of
~ olang propertics of rice ter =torege cons ati lrs n

rnportant. ¢ se of po t harves  loss

4 4 1 Water uptale level of stored rice samples

Appareat vater wptste 1s the wcight of mo sk re
bsorbed by the grair du ana cooking Storage poraicod  :f

wncreased ea-ults n ne eased ale Yo ice atrvo

Effecl of «btorerq ar vater ptete lc ¢l s p es nled ar

Table 77

At



Table 27 Changes in Water uptalke level of raice samples due to

storage and storage containetrs (g/g)

Water uptale level of rice samples

Rice Varieties Fresh Stored Samples
Sample Mean
Gunny Pathayam Metal
bag bain
FTR 1@ 2 "9 - 40 - R0 2 80 2 90
(+@ 20) (1@ 50) (+@ ~0) ( @ 4m)
lecdd 1F zve « @ -0 2 80 2?80 29
(+1 @a2) (+@ ~@) (0 @ (+@ 17)
Mea - 5 o4 90 2 R0

(+0 ?3) (+0 1@) (+8 ~0)

NMumber inm parentbtesis 1adicates irc eise n valer uvptale oeovel

CD Values
Co 406
VYa Co 0 427

fe ro e el ar whle vatsr pla o levecl v oo cd  oan
FrTH 10 L 6 47 per t while 1h rore wn 1T n
wns noted to ke D 10 fer cent ANAmong the to age rtiurers

af Arc ease 1n vater wptale level vas nobted an all e th ee
steregt  ctrictire t o zed @ 9% pe cert 0 40 1 Cen and
A 0 per conb ancreaq n g nny bag pa by moand me 3l bap
spert vely f cc ~wrasor Loty o oroc amplee ve lec
1 b ncre se 1n watcr uptale v 5 alno=t sim lar an both the
1C 5 fles in =11 the storege =L Ltct v L 1ed [ o« h rice
{ales wp less v and 15 030 cd v Ity 1nto v mech

Teie 2ous z1z2ten 2 vh le =t ¢d  aice | t ) v 1le

Qo



1lan the  esl rice td a8 &a to 1t s=rgll o eelong tes to =

greater e tent

Varietron ar trte valer vptele level belween the tvo
rice samples were found to be not =agnific nt 3 lebion  in
lte v tw ptake lov 1 of b thvo oo rplre [} "

different containers vas also found to 38 significart e cept
Felveen rice samples ctored an palhayes ond metel bin Tre
interaction between le variecties and cor bRiners w re  also
found to te sagraf cant e cept betveen the lvo ice

varieties stored in pathaysam and metal b n

Storage of rice also revealed a reduction in sbticl iness
and  glosws: ess ot cooled ice and noIroases n  vater

bsorpticrn  Tndbudte ¢ swuny et <1 (1978)

Ville 12l ¢t al  (19270) portied U Al storad of the
graxn for «= lo g w three mcntks es lted an  agraing  and
less dornarcy The change included increasce an ater Lptale

riag CcCa 1149

4 4 2 Optimum cool 1ng time of stored raice samples
Optlin cootiny taime iz Lle lame U len by L e 1c
mples tr be coolael more T1 F r 1h ar 1 rmo
integral nd reg 2 cd tende ness 15 sbhlained OpLl m m
cooking taite 1. ifected Ly U r jc earl t o1

epa ted (Ra be &t A1 (L9756} )

a\n
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Table 24 Changes in Optamum cooling time of rice zamples die
to storage and storage containers (min)
_____ Optimum cnuP1;;_t1me_;;_r1c;_;ample:
Rice Varieties ;resh T Stnr;; Samp;;;_ o T
Sample Mean
Gunny Pathayam Metal
bag bin
;F; 1@ @ —“Q s 0 g 7=
( 10 18) S5 Qa2 { @
Fd Thrav n 217 " e, - e
{ nzny 1 )
I oa 7 0 o=
« 7 70) ™ %)
I vober 1n ¢ enthocsr  windicates drrrease pl ve ne Lona
CD Values
i 8] @
to n i
Co [h
Tl e bboe B OED rooeal t1 U opt nao oo
e owased b T 7W = n i 1@ vk 1o (S
M dTry e = 1 tes N oog L @l (=]
Il re vas tle qe Lhe apls oot 1 b o= n kal
tew e b whal Ceoense ar @ or } n
d ty 77 ar 4. ownd 0 o ~ mpe b Thies
Lre o@ of ka Uor V| | or d



water vptake vhaicl cnebles the  ice samples Fo saell mo e

511,/ L. o=lrg G ten jerre of co !l d aice

Slelr l1ral canlysi1s of b o dat evealed s 7 ficant

vatriation in tle dec cwce ar of lagum coolang ti1 & bet een

L tvo ta od rice samples “imila ly  variation in Lhe
| crease of optam coobing time txlen for r ce - mpl o
~tored 2117 different contaire - was aleo s gnif c nt The

te actio betreen the v rielics and sturege contl @rs T
relation Ly optamur coebing 1 me was  lsa To nl o be

signific rl e cept belveen Red Thraiverai s tples = ¢ sc  ar

T ) ool 11
(Y 1« {127 tad © rtel U Atam 1 Ll no
Line « <=t yed e, Aanples dec =scd ¥ ™ to TR mr e
M r 1t o te tor
T c 1 QoLr d wedda Joan L w ice
1etics e 0 7 wrradiated <t 1A i "N log m  to
scertain the «effect of =to =ge on o okang time (= 3 larse
Al 1990 Ia | tudy or lore n» dde ey
cl1ig tine va ol «] a- do c lev 1 arreasoed llrve &

coo irg F w owas rol signif cenil (T 0 8% aff ¢ d

oot ety @l rt h Ao [ [ T B

{ e 1n 1 + d1 ted 5 ples (S bula =e @ al 1991 Sto =xae

cf 1r dialed 1cwe heed 1 Ller | 1 t L ro

1 diate | Ce

irstitite twd re alc !l Flat adeéwng of g wn decrex e tre

ay
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Stact
T ctic
Hoa® 8100
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am loc=e
1 clare

neEL me

Cffec
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Table 25

Rice Varie

[Tr i@

Fod T ave

Moo

bonl o
CD Values

{ 1

Stackiness of stored rice samples

roes  of ice s apl o depond on Lar aluble
cf the « vl ¢ ard al 1 I} vk om0 4

Whe @aling 3 alat,y d ool ng 4 Tily T ce
fferts the trchka s of e wnple TAC
o L nt a with 1o a0 pe lod Dec i

L = o laty ettrat te poefiored  an Loe

t of &to coe on = Lclincss of rice sa pl @ ITE

1 T hle °

Changes i1n stickiness of rice samples dee +to

storage and storage containers (mean score)

Sticl ness of rice samples

ties Fresh Stored Samples Mean
Sample - == - -
Gunny Pathayam Metal
bag bin
4 0 R N &0 [}
{ oo 1850y (2 40 nn
4 40 - 0 13
D] ( t 70 { a0 L
1 oo I a]
{2eny (1 0y (1 2%
rornthe 1 Brcates e Lt ! ne

ah



In th P crent ctudy strclhiress of rice <anple- va
«  ed b cnec tvle tac 1% o t hed w1l
vhicl or lained sco & as g airy 1 not sticly 2
n d  a&tel twe 5 veEry ©t oy 1 r{ &y

As e alcd 1n the table dec case of 1L M@ pe cent 1n
the e tore obt 1 ed for stz IMNESS W noked rrr 16

While tre decress;e in Fed Th avenl wes 1 77 per cent g

[ o o o o Llwee re sample evealocd tleb tl re ee
1in  sticlirces wes greater wur Red Th 1 er uh w1y be die
t irc ¢ ar ir 1} ble v T tau AN 1
rwrlaire =, decre -t in =1 ¥ s vas ¢l d t e dec easc

i a ? 80y o rt 3 my L g o p L an p thawyen

ad 1 0% e centl 2 metal bir It 1 depended wpon  the

Lorpoyr v tor j¢ str cbu L il = tre ol ble
a lare f tion n % ¢ ed r ce mple MNe decrc =e ae
1 BEater yrr b tecavee Fo tem or e 11 1=
1 3lebhle anglo & ve eater th r e v mples s noed an
5] v . g hor corp red to the rE amfRle srorel 2 other
L o ol S TOR | I theo deer ¢ e i1

race s aplee ciored ir metal bi -

Mo sxian ficaxnt 1alior n tlhe dec g n <1 | aes
t =stor d ¢ o I I R o ct t e t 3=}
=1 stically ral 1 frerc 3 e o in
U me n 3oy wew tach e= T = & 5 mples her

Lo ed 1 ifc erid cow o Loa ¢ copt Ft oewen cl.

a5



Trics <=to el ar g i Dy ard p o thayam The amte 2 {lion
betycen 1te rce s mples and sto Age conbtainers lso
fo nd to be signaifrcant ar PTR 10 stored in patkay m and

metal bLan

Tre ro & =able bF1 dang of o v anir Lo woylopect: “nd
ar lcse educed the nleraction vath sla ch du ing storRae

recaelly t lagte =t rage temr v L re nl was rela ed  to

[y

decreased stickines of coclked rice Clrast 1 1990) 5 in el

1 (1991)  reported that sticlness decreased markedly opto

18 ronths of sto age <1 750C M r gt Al (19291} h » =1so

cported « ediction of stickarcee of cool ed ice  du oang
sl ge

Desp rde end Bt Ltacha ya (1798%9) | cpe t 0 that

slictiness vas 1ot app ecirably fferted by vnte L ricy

ratio dura o cookang bttt was rtedly ¢ ced b, to ge

esprcaally 2r 1rgh + alure

Mabirasl w oce s of agea j decro b =t i e f

co trd rice samples As: stated ez lier sticl nese of 1 raice

- ple =} fLe. to L rylose - ylrpectin compen it vath
vihich ta cl 15 falled Du ng Erraj3e 12 oluble 1 e 2on
f mylcee 2 ¢ Fases vee ltang decrao in ~tic ne

fuesocilion  belw &n amylose content d stickn < of

cooled 1cec wmple=s cftc =tor g 41 jre tod an Apre di o

«?
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Stickiress 15 ¢ g 3lity perancter oreoably anfl t.d by
anylose content =& well as by tle slorage bLeape cblures  of
1ce sarplos Lance Len e atit e 1790 eases lhe sol balily of
viose or te cF co te L LF & cel ang = deo vase 1 scl ble

fractron of aylose « d increlsi g wnsol ble wmvlos

It 15 to be noted that tempe ature vaithan the gt ny bag

vas hiale and the lovest i nmtal  bhan A positl /e
srgrafirant correlatio s noted betseen clacknoes and
temperatire of «to ed 1ce sanples on slorage (r A ®’TT)

«nd detnrl & & presenbted ar Arpe di &

Indhidhra svamy 2t &l (1978) have al=o repor ei1 that
1w lemperati & storage effectively retarded the decrocase in

stict ness of rice

4 4 4 Volume expansion of stored rice samples

E pans1ton or they r e of L creasc n Lhe volure uf  1ce
s ples afte ccolara o deesi Dble L 2L Le tic cc mer e
Tree wvelume ¢ parsaicn vas fo 1d to be 1afl enced y lhe

ap; rent valer vptal d rang roct wng

Starage increa e the watc rtate of r re R let es
vle costed Increcse 11 valer pt le di cctl ar fliences
the olume e 1 nsio af  ice

Effcct of ctorage on the volime @ parsion of ice

sAanples 1s presented in Table 76

a1



Table 26 Changes in volume e’ pansion of rice samples due to

storage and storage containers (per cent)

Volume erpansion of rice samples

as

Rice Stored sample
varieties Fresh Mean
sample - - - = = ==
Sunnybag Pathayam Metalbin
FTE 10 240 B0 244 40 24 @0 SR 10 Y S
{+4 0) ( 80) {(t1 9%9)
led Trraven 776 TQ 278 76 77 B8R 276 s "T7 7
(12 B@) (+1 @) (+@ @) (41 @5)
Hean 2588 1~ 761 1LF A 1% 758 75
(+ @) +7 LR) { O 18)
M mber an p enihesiws dicater 1nc ease 17 volime & pan<ian

CDh values

v @ @797
) @ 11~
/a Co @ 159

1 95 jer cert ine case an vwluim® « | orrowon o TTL 1@
and 1 0% per cent anc ease in Ted Thriveni were notcd Among
thre grear stored ar stc ge conteciners a0 per cent -
per cent rd @ 1@ per enl arrc case 0 gLy b= P dayam
ard metsl bin were ohwerved reusp cti ely Tre vate ptale
lovel as grecter 11 PTR 30 and terce Lre h aher volume
& PRrsSLo0 e incre- v ar volufie & pansion BB rice = mples
in gunny bag va g exle when conpa ed 13 2 1l tvo 0 "ge

Ltructi es



Statistical anwlysis of th data ocvealeld a sianificari

va wation 1n the inc ease i1n volume e 1nsior of Fe t o
ice samples stored There was a <ciagnificant increas=e air the
vol me o #ach 3 & sample when sty wd in dif ferent
containers The intsraction Letveer the 1ce samples  and

nlorage containeres v & also founad to be saignaficant

longsree et a1 (1998) found that ainspaite of g eate
volime e:pansion in aged rice {he elongation ratio of  the
0 «in diring cooking was fourd to remsain uncharged S|imilar

rasLils ve e registc »d by Indh dhara seamy et al (12g5)

&lso

According to Ville &l et al (197&) storage of the

g awn fo ~n long 3as Lh e montl s resulted in ageinn vith an

1rcrca== AL volure

4 4 S Swelling indey of stored rice samples
Swellirg inde 1s the ralio between |he lerjth and
L3ttt of rocled a «ir znd lengtl  vadbl of uncookbed graar
Th svellan) inde g ve an aden of the in reasze 10 g 1n

clarension «fter coolaing whacl as & de=a =ble L w2l vhale
e=limating L e acceplabilily of the va 1eties Slorage
~ffects the wellaing rile of r ce semples fTavourably due to
1 creased vater Lptale as vell s areate wvol me & pansion

or ccotarn

Qq



Effect of storage on the =yelling inde of 1cc ranples
are precerted in Table 77
Table 27 Changes 1in swelling inde) of rice samples due to

storage and storage containers {ratio)

Swelling inde: of rice samples

Rice - _— —_— = = = - ==
varieties Stored sample
Fresh Mean
sample - —_—
Bunnybag Pathayam Metalbzin
FIF 10 4 809 528 & oan 1 80 4 o8
(+0 20) (10 @) {(+0 17)
¥ d Thraive 2 5@ & @ i Sl 5 =
(11 78) {07 (+8 = )
M an 4 9L e 7 = 10 4 94
(+8 81) {+83 47} (+ @™)
Mumber in p erthesie Lidicates nocrense 1 =Wwellirg indes

CD values

va B 1F
C o 0
Va Co 12 B

fs re caled ar L tarle 1 ¢ g=<o0 svetlang rde
wa noted  ar TTE 10 (@ 15) el ald i el v seni nas
@B "L The v ter uptaboe was gre toc ar Red Thravera tar an
Frfe 1@ Ffro 3 e =lorage conk 2 © = =ywell g ande mel 31
bin dad rot change vltale @ 81 g cert nl @& 4% rc cent
MG EosSe we 1weted ar 3 any b o) A d pt oy om respec ely

\00



{20 &8

ITncreased vater vptake vas noted an tle v ce samples stored

1r gunny bag and p3ithayam

Stetazstec 1 analysas of tre dat revealed variataon  an

the mean swelling nie alies obtaired for khe Lvo ce
wemples duFr to slor ge Ya 21ntzon ar  the increase  an
swellaing 1dey /alves of the two rice samples sio ed n

llree differcnt stor=sge containers vee alse fo nd to be
significant e cept belwern the 1ce waaple: Lo ed  a nn

bBag ard pastlayoam

The 1 teraction totween the rice s« ples nd contar ere
vas aleo fo nd to be ~igraificanli e cept in FTE 10 stored n
%11 the coitecaine s Alal et al (19278 had epo ted b bt the
gy allaing ind of orls 111 cooled race ne eared T om ¢

to 7 T8 after =torage of paddy for 7 to 4 months

4 4 4 Gruel loss of stored rice samples

Crueel loss 1s an wrportasl cltaracter inm as=escing the
quelaty of rice scoples Highetr the griel loss grente willd
it the nui 1ent lose Ctorage ffects o =1 los.s =jE1ng

affects the ansect nfeslition in rice sampiles

Effect of sto qe on aruvel lose of raice s~aples 21s

presented 1 Table 78

watl



Table 28 Changes in gruel loss of rice samples due to

storage and storage containers (per cent)

Gruel loss of rice samples

Rice
varieties Stored sample
Fresh Mean
sample —
Gunny bag Pathayam Metal ban
FTR 1B - 20 T 70 T 40 Toa 48
(+@ 50) (+@ 20) (+@ @™) (+@ 2%)
F d Thkrave a 4 1@ 4 60 4 40 4 14 4 71
(+0 40) (18 @) (+@ @4) (+0Q ™1}
Mear -5 4 15 T 9@ T 48
(+@ 50) (10 25) (-@ @7)

M. nber 1n parenthesis 1 dicales 17¢ ease 217 g el lo -
CD values

Va - @ 515

= reverled in the table - arcre-sc of 8 78 poer cert
v notcd )y el lo in PR 160 vkile Lh n eie n Ted
rhravena s B8 21 pe cert Inscct arfes lion vas oro-ter
in FTRB 10 evhich cauvsed darage Lo Fard cell wall Hence aroeel
lOee wWas g ester an FTR 10 vhe compes ed Lo Red T a2 ena
Amog kb olo age co U ne g v oainc ers of @ YO np cond
B "N per cenl and B @ per cent vere ofl d am gunny ban
palhayim =nd relal bin respectavcly A conpa ison between
ice samples sloved that griel loss duraing coolbing adier

to age s g ele i FTR 1@ 11 all w  Lh Fr2 =lo 2ge

VG



~trictires tried The 1 crease rogreel lo.s 1= prcbhably

d e to 1nhsect infestation of rice samples

When the data on gr el lo<s vas staticticelly alyced
1 saignirficant i1ncren & was obose vod belveen Lhe beo ice
sarples Vari~tion in increase in griel loos for tre 1Cce

eymples wher stored an Laree drffe en! conlaline s wais not

rgniafaicant

On  assessang cocking char cterastiuer of sto ¢! rice

samples lile water Lvptake optin n coclana L ne siicl ness

v 1 02 e p neaon, ve.lling arle end gro 1 lee Fowas
fo ad  thrt ahale waler ptelo v nE @ PRoon verlling
1de and grmel loss aincrecsed afte =tcrage cpttaum
coausking linc d 1 baness of 1CE % ples  doc cased

{Fig 1)

Me rate of ircre ¢ an the o linag ¢ racterisiicrs vas
grealer in Red Thraiveni stored in gunnybags e cept for
value & per o and g el loss vhieh & 3 elor f F1L 10

starad n g rnybag The rate of o ¢ =2 wr opt mun ronb rg

tine wnd skbicl 1 es- v greater © FTT B svo ed ar o rryhag
Td Ted TI 1 @11 1 TInyY be ) Lafechivaly A Live
= gcration swygnafa Lt at % rer rent le 1 as fo nd to

& 1st betvreer sticliess and amyloee contert as well as
Fotweer  clachiness o lerper tore o t ge co t are -

(Fag 5)

w03



4 5 Organoleptic qualaities of raw rice samples

M alritys has been defined as degree of & cellence =and
15 the conposite of characterisl = detormining
rcceplabilaty Grain g a&ality 1s ascoc «ted 92th  consumer

acoceptarce The org noleptac guelaty ¢f r v race =amples
sl d ed . ¢ wolo r |udness aid odo 1ng a poinl
el 0 Lte basi. of acceplance eccl [etameter was

clas 1fred nlo S5 grovp and sco od

4 5 1 Eolour changes i1n stored rice samples

Cololtr fadaing 1= one of the negativse pa inete g
aflfecty g e over 11 reeptebil bty of c furang t =
E periments cond cted atbt Inte national Fire Fe=ma ch
arskitetie Fal re eale |l tat coeng g 1 w» docrecs tie
s rface hile ess ~f Lthe race The ¢ eamish vhite colewr of
tle bve f F 1ce = Tples vere obse ¢ to ol ge to
b owrish wh te and 1¢ brown du ang Ltke s1 nonths slo ge
Rete of yvelloring vas fourd to increase  prooressaively  and

ite detarls e praserbted an feble 29

Wl



Table 29 Change 11n colour of raw raice samples due to

storage and storage containers (Mean scores)

Colour of raw rice samples

Rice - - -
varieties Stored rice sample
Fresh Mean
sample
Sunny bag Pathayam Metal ban
FTR 1@ T 5 2 89 «~ 80 @0 - 0B
@ 79) { & 70) ( & 5@) B 59)
Red Thravenir 2 20 2T n S50 270 &0
( @ &60) ( M 40) {8 ~73) (2 7a)
ME=ar T 20 TR 2 55 2 8=
{ @ 7@) ( 9 40) { @ 10)

N aber 1n p enthesi wndicates de rease n colour
Ch VYalues

/1 0 [

Urfavouralble cl wnges in colo v had csLlited 1m0 lows
scares since the b ¢ ing vas leoss acceplable Ja 1alion of
B S0 and B8 0 ur st we vere obee ed an Lre moan co e
ohlained 1 y ¢olo v 1n PTR 10 and Fed Thriveni afte
storagr Amo g the sto «ge co tainurs a leoresse ar b o rear
scoe of 078 G 60 and @ 40 ve & noted NP mples
stored ar gun ;¢ Bag petta am ¢ d retel Li  respect voly (&
compa 1sor beleeen {lho  ace rples o oaled that e er

COFEs Lo oar ded fo tte colow erange ar PTR 10 0 1)
tle sto =ae containe & Colowr of the g «1n 1% geae aly
arflienced Lty tie L mperatire  ond oictire of cltor o

t L ture Ttese ¢ ¢ 1al falo = b | a eater ffect  on

F'TF 1@ t} r cr Red ' 1 ena

\OY%



[Rtatastacal «n lyzsils of tte data revealed h L tte
va 1ation 1r the rocan sco es abtuned fo (Lhe colou hinge
aof tre two stored W rice samples vore sin ficant

ndicaling less accepliability of PTR 10

The, daffe erce a tie nea scores ol tained fo rolou
ct the tw rice v rieties »Tored 11 1l e d fferent

et aners vas found Lo be not  Jgnaficert

Lee @i al (1987) had reported thalt arair nositure
cortent storage tenperatire nd storage peracd ve g the
najor detcroinants of  the ale af discolol ation The

(talaty «nd ecoromic vaelie of raice are severel, ed ced by

discolourat on

Accordaing to Heapel (198 ) ~t o nr bolow the ctored
1ce samples satlh 1 Lo 15 per ront moasly e did nol dep ct
olo r f §1 g vhale L T30 yellor olc develope r  lhe

t Ct oo pl vailh U ¢ re molsie e lovel

Simialar fardangs ere reporbted by Ho st r et 1 {1970}

L+ for p bo led r co and fo one e r loragec b no mal
oo tempe tt re in micher oper cor cealecd containcr nd "t
higiter temperati es A= obser ed 1n Lhe e poriment the
¢t ge 1r colovr spres ed an the =tored gr-ans after three
1o four no Lls die ko no e mic b orn ng a co p o oed by

losses of vg rs anar L naitroge " d frec mino ncac

\ol



4 5 2 Changes in hardness of raw rice samples on storage

Ageang brings abolt various physical changes an orain
even under normal cenditions Dur ng cenag brun r ce
lecores prog essively harde v ying wil! mosit ro contend

¢f Lhe ric  sanples

Webhb el =&} (19@2) reported tlat hardncs Weis

deterrined by time Lo grind particle si1 e inde near

infrared reflectance ard reci-tance to grairdarg «nd cri=hing

force In {1his e pe iment 1t was obsge »d  that 1a dness
Lests were significwnl but of a relatively lov orde 1 here
La an ao otiatio | lween h rd ess «1d f v g aun gualaty
| «rr meter late m1ll ng yield amylos «1b 1la rreada g

value gelalini=alicn tempe ~tu &, prol an and o n s c

d shape

Hardness of rice may alco detlerninc ke coola g g =1laty
nf r ce 8cn e= obl 1ned fo th s gualaly parameler in

to d ane empl = o prese tel r labkle O

w



Table 3@ Changes in the hardness of raw rice samples die to

storage and storage containers (Mean scores)

Hardness of rice samples

Rice _——— = = = - = - e - - - -
varieties Stored rice sample
Fresh Mean
sample — — — — — — - — —
Gunny bag Pathayam Metal bin
78 10 o0 T 80 =1 T aa - 47
(+0 S0) (1@ &0 @ 80) (+@ 40)
fed T havenir 2 50 Toin I - 40 I
(+2 &0) ( Q a0) {8223 (+B 50)
ean 2 80 - Td T AR ool
(@ =&) v O a0 ( 2 30)

Fliumber ir p renthes: aindicater irngreast an hardre =

CD Values
Va @ 278
Co @ "&b
Ircy by @ 4N ord @ 0 ar he. mean 5 ey fo
1 rdness re ab ed or +TR 10 1 Red ' wvena

Camilarliy increse of 0 S0 @ 60 and O 80 an ha rre s veore
rnoted an the 1ce serples sin ed 2n aunny bag path sam ond
gte«l bin respetr ely The Fe o ¢ 58 0f r e - m e =10 ed
L7 gunny  bag war 1 o p obebly tec Lee of  the ncers ed

beorptior of moarste & co tel A conperaron betwoen Lo

rice samples e aled Lhal Red Tl eni vas harder 211
lle storage contesin r  ar tte ovrde of o ¥+ 1 Far tthay ar
wd g ny bag U ed Thra oo noz w3 lent e alFo

hs r ed t e le = than FTL 10

Led



When tre dat= was statisiically analysed the & vatzon
in the Jrcrease in the mewn sco es bet esn tho teo  rice

sarples in gunny bsg lone was found to te sign f ocant

Varratzon ar t rdress of tle t o + & anples cbtered an
three different conta ners vas =aignificant onl teol eer rice

mples slored ar ju ny bsg nd palhbay

Sy tlewis of 1trogen coniaaning compo nds 1n the cell
vall of cot;ledor cf the jraanc r to ane 4y be

contrib targ facto 1r the inc rise r b dnec=s by 1nde ans

e dissclition of the middlie 1amella d  airg cool ing (Poce
doal  oanvam)

Se J et 1 {1997) reper ed  Lhat greeleor ograar
b ardnes 4 oherer d an to ¢d g 1n n met 1 1 n 1hn
ar ins tored 2 9 Nnny baas o ing t3 greatcr anoasture

tsorplic 1n gunny bags Hosev= the ha diess of b e aorain

las restliel an layier malling v eld (3 1 o 199%)

fs tFe tempe . of the o agco teture grd
the ta dre s cf Fe tLored raice sarples | rewsed (CMaorg th

coll 1re = anorex e 1 lempe ¢ re v 3 f rd to weclt  an

eatd cr wl ach Yy e ¢ ecsCd o t e
absorptio Fire 2% pl 5 =2to #d n metal derumes ve o harder
Lhar troso stored an g nry b=o The eco omic lovs d e tr

ardening 4 = © @pla d in h g cool nc t ome

o
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Fetreen ha

tr ct ty

Incre
cf rice
g nny bag

strictLres

ri.ce

samples

el e lywis reve lod 7 p o =ili c s o 1t on

dnegne of 21re zanple =nd tenp L @ of rslrorage
{(r @ &61) ) det=al € p € ted Cppenc ¢
coan b oaadaly erviled noa d L ewse an ardac
nples T & h o | Ly of stored rice «sarples an
was highe when compared Lo other {lwo stor=zge

the lovest being an metal bine Thle hardneoss  of

vas 3l o g ealter n metal bin folloved by

} thayam ar ) ounry bt g

Wl en
se~oLlatio

ples

Appendl &)

Gre +
greate ro
yvacld of
covpared

Lroclure

& lowe

The

Tes re

slatrsticelly « «lysed « rrsity e Figrific nt

B 47) vas fo nd belve r ha dre of 1ce

I a2 laly of sto e str ot o {De «1le  2anm

Foror f ra Fle v & fTord ¢ aoffc
tarce ¢t breatge © mill ny nd the | =ad rice
cr e ople stored n pelal b = jagte Fer
te rice samples sto ed 2 alter t o slorage
lar | & f r e Pl =t b an a rny bnaa
1 henc the low ¢ race v td a  ubfor ed

vivse ¢ te | cf =tr ed r co nples ve ¢ found
11 be C ea o i d f pl &
1 tre 3 ater C efft ] tored gunr ¢
a2 Lh drose of € el 1o ed n o quany
Fe Frl e 5 of m nfp lc ngrn F gs vas
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icver vhen compe ed Lo samplec ored r other Lor age
str cbires A posili e scoc atenm bel » 7 hardne and
r/lose contc t of ste od rice = mples vz found to e ast

(r @ T34) (Table in rppendi  4)

fs  tre hardness 2t stored race sample increx oc tre
gelstinr ation temperalire as also found to increase
H rdrness of rice = wrles w s g e-xter when stored in
metalbins followed by paklayan =1d gunnybnyg Gelat n1 at on

lenperatere of rice ramples slored an metal bans vas areate

wvhen corpar d to other lwo stor ge sl tet eo hen the datn
L8k statictbically, art 1lywed postily e e g aficant
1% ociatlo (0 845) v & fou d beobtreen la dne s of rice
w mpiles ard thear gol tanasatic berpe L re (7 1l anm

frpe di &)

4 5 3 Changes in odour of the raw vrice samples on storage

Tte p od ction ~nd acc mcl-lior of  volatile o bon 1

LyMpe nds a he nle g an la  «aar are &0 led to o vee off
tdoun s,

T udo r of 11lled rare clarges & vy  repadlv du arg

>Lor age long sto gp uvs ally br ags bort del v oration

tsLltaing an cltange an the odou ba b temper lure hagh

oist re smvtenl and o vtiin olher ¥ ctor contr + te to Lh

ber Jes coutr d g skor g

WA



fdoLr vas ascerlained by ersory evaluaitzon o 2 A
prrrt Fedol © scxle A light ile sant o vas ataned
1h the rice samples afte =lkorage Fffeck f storage on the
oforr of av  rice  wanples ¢ wtor age « prescnted  an

Table ™1

Table X1 Changes 1in the odour of raw rice samples due to

storage and storage containers {M=an scores)

Odour of rice samples

Rice - - —_— == = - e
varieties Stored rice sample
Fresh Mean
sample - —— - — — —— — —— - — — -
Gunnybag Pathayam Metalbin
rfe 10 T 10 2 5@ 2 60 oa ~ 83
( @ 60} ( B 2@) (-0 1) ( @ ~a)
Fed Thrav ra ™ 70 . 78 ” 90 0 an
( 2 60) { @ 40) (@3 1a)y (@ 7°8)
M n T8z 1% 2 7= Toip
( @ &0) { O 45) { @ 1n)

N mber in rarenthes - 1rdicates dec sa ¢ n odou

ED Values
Lo @ 237
V3 Co B &4

As  re caled a the t bl B 70 rc ronc raittior r
tle mea otores obtrancd fo  odo v > toled an IR JA arld
028 re tert 2 R d Thrave Tle pleaw=rt Jdo 3f tle

stored i1ce sanmple vas chang=1 to an leasan! rtih

WD



turage torl iner vath «a degr o of v tro 1 r per
c ntage =z vre¢e fo odo was 1o @40 o renkt ¢ per
co b ard ¢ 0 per ce boan i kg pall ye  and mobl 1 bam
pectivel The d rfriora o of fro f bty = i v as
« B yu ny o f3llowet | by s b e 1 hon
giv g &% off odou A carpna on Fel @ ih 1@ mple
e caled com=iderable varzataon an odo r 2 botl i rice
mples nd 1n all bt lo ajc e n & 1 1ad Tt cltange
odo r o2 dre to 1 ¢ leter r tion of b <bky
Rrrds
Tte = mf o =« R Lte } f t o
1ee samf les sto b v genr L 3 and 1 hair N Frtvee
e v 4 lee sl oy Pty et ] Tt
L terac betece LE raca ples= 1 o ge cnta N0 &
v o= aleg ord to ! aratfrc o bl b eer £ =x 7lc
ored b /st A o pat! 0
Eerbs e 1 1788y |+ d Fotcd it Fagh
teape 1 o b te e £ i1 m 1 7 deng ec
tancee 1 r To Lor
Tvo serae of iy le I re 3 (o o 1 4 p
cort ¢ L ot athe o oP ot € 1o ed
tlala & | tha L A S B o tee 10
Des L L c b deroe arc frgg ol
lerr 1 da crd ard o v AF c 3 roward

e a it t oedes 1 4
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As=oc1l tion bet sen odorr and moistire le el of stored
ice <amples was found to be posit e and significant

{(r @ "n7) (Table 27 Appenda )

Odovr of sto gd rice s mrle 4 fourd ta b= are

wplearankt vaitk the arcre e an free 1 tly acads T oo f thy

acids were fo nd to increase in rice sanples in g n b=g
folltor d bty patteay nord meb"? bar on = e we tHle
d terrorat n of odouo as gres e n onn baag a d lowcr an

met 1 tar

A preatave sigrafacar t = ocrlatio B/’ 4) vars
oblaained holeeen od nd f e 1 1Ly ezl le el 9f stored

ice marplecs on stety taical analyras (Table in Appe d b)

Ir the presenlt study 1he arganoloptic q lxrt es
« scsscd reve led thel the sco ru for odo and cclo of
v 1ce s~ ples decreqa Bd greall v PR 180 slo ed 1 nunny

b thar ar Fed Thraveria (Fag 1) Tite g ality r~ramcler
hardness vas fTo nd t2 1nc easc an Fed TE ivenyr =l ed  in
clel bar thr 2 TTE 18 or Red IF 2 eny =L &ed ar Llc oclher

Ly 3 torag 37k 2 (Fig o)

A pcsative a sor atior v s found Yo e aist belveer

h rd ess ard terperat re eand hveid tv o = ¢ oage str cb res
1 5% al=o (found trab hardr o «= o 1l ely e ciatod
1ih htwd r1 ¢ yael!l lowe Al 1-d liron te 1 alu e

f torerd awce 5 fFl s Gdo v o» Fourd L be ccr ted



wa tempr ature d midity of £ 0 ge str ot o=
mforsture Fe d trice yield «nd free fatl, =cids cof rice
samples

4 & Suirtability of rice based preparations

Sensory evaluatio of fuod has = ¢ med 21 ¢ @3 1nag
signifrcance un recent years as this provide anformetion of
pr lvet 1 p o erert nld prodoct  leveloprerl Ac o d nao  to

lr wer and [wigg (197N) foeod gralaty det ct<ble b L

- s can te b obten dovn  int ih e 21 cvtoto 10a
rpeerance fecto « to L ral factors and fla & f ct =
Sr eede (173% Lse ei Lire gh [ = I 1 alimn
=t dies ‘tral the accertntalaty of craled ace = aple Fre
nfl enced t,y, {le phy 103l ch cler Lo of n du il
3 rles Ir tie rresert study ¢ cled re s sele ted «s
14 ! t I e 10 s and n1 1L tes I 3
pre «sheo Lelowr 1 vou b oture tast and d rfpecs
wee @ T r cler=s 1 ted to U mone e accopl 11ty
cf tto | oy tiare
fecord 3 ke 1T ) uvdba o v oy el 1 (15%%) L
ptl t b1l Ly f =tor d raice sarple=s ve o nffected b Lt e
& ccl ar 4 |
4 &6 1 Appearance of cooled rice samnles
1HE ¥ Lt the ¢ 1laty, tril bo bt (o 1 oEe

llte wocept Fal 1 of t adeel b Lhe renes ey
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Effect of storcge in the ppea arce of coolcd raice

wamples 15 p esented 1 THble ™7

Table 32 Changes 1in appearance of cooled rice samples tdue
to storage and sotrage containers (mean scores)

{mar amum score =)

Appearance of cooled rice samples

Rice ——— -_— - = == —— - -
varieties Stored rice sample
Fresh Mean
sample @ ————————— - - -
Gunnybag Pathayam Metalbin
rir 19 gl 4 20 0 53 70
(+@ =@ +@ 7 { O 70
I Ttra en 10 4R @ oo -
{ 8 70} ( O 7N (@ 10} mome)
Hoe n - a 70 - ED a4
( O 10} ( @ 20) ( O 1u)
Moo o m . entbe 2 dac Lres @ CorrEe
CDh Values
Jes @ 77
3 m  q=
e & 4
\orute e roted n tic core [ re . of

f geeh and ~lo ed ace = gples aof 'TE 2 ~nd {=2d T! aven
hen  cool =d cre fc d octe Q@ 70 £f ong th Lnrage
c bt oncs M@ 070 d @ 1N Ue 1 ame I n

t L r =Cc v w» fa c | d ace il N = or f ra

wl



g nry hag  anlhayesn nd mekal £ r o pec ly A conpar on
Fet een  Fh rice s arle reve led thet fafwled e of
e sarpl stored mrtal ban arp o o g eatly n both

te varie 1e

Statr tacal relysis of t dale rgled L P L oo
ataemr b lveer L o rice Taples v - = anaf nt A
g rfarart diffe . a fc 1 jc b L race ple
siored in th ee daffe er conl rers & et be roor oce
arples =t red wn pa ~var a 4 etal Tle 2 rtiaor
belween  tqe  ariel: nd corl 2 88 o fo !} t> b
4 L 1 o~ I Lvee PO Fre 13 = Lo oo G ] wrd
Pt am
Acco la g to Tar ¢k al 1771 aea I oocde ed more
f1 17 cool e to o Lhe ¢ I Omaln rteg o al Lth 1o
plate wr ades T & |ty Mmas frel F e ted roo «
reoolbing « ral see ice vLiun ot e Tor 3 fc m nth=
4 u 2 Colour of cooked rice sarplec
Colo r iciermare Lhe co =0 « [ of reqre of r onduec
it va 2 o 3 nto ec ¢ rd 1 r tvd 1
L notha
Urate d vrer 1 rert ace Poefd 1y F 1 n
mex bt opa te t o1 o gl jla 1 o Ct.
th rel ol v by oac p) i 1r tho ey

{1 31 f 1LE Im b no Aot | )
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W

restlty g an lo e scores Effect of sbto ane on Lhe colo ¢

of cooled 1ce samples 1s p crenled an Table ™

Table 33 Changes 1n colour of cooved rice samples dee to
storage and storage containers (mean ccores)
{ra 2mLm =score <)

— — ——— — e e w— — —— — — — — —— e e — — —

Colour of cooled rice samples

Rice - = - ————— = - == - - = - - -
varieties Stored rice sample
Frresh Fean
sample - - - - === == ==
Gunny bag Pathayam Metal ban
fTE 18 4 0n - OR@ A oo BN
( B "0) ( O 8t ( B 1) ( @ ™=)
fed Ttrai caa 4 20 4 a0 TR 4 10 1 @
{ @ 7Q) (8 o) ( @ 1M) { & ¢
fea 1 4 19 - 7R IR TA] 4
( 6 25} ( 8@ 71 ( @ 14
Flutker 12 parerile rodac b t cr ce oo nrle
Ch Vxlues
0 78o
Cr & 782
Ja Co 1
Tre tove tal te stowe ud c ¢ of Y R an L mean

stcire aoblained for cooled sample of stored TR 1Q snd @ 70

for Ted T ave 1 1 igala =2 tione & o 1 ¥ R T+ f o B
=g =Rge  cnkaz € ealel oo Ba ¢ of @ 7 } £y nd
O 1 ar Ue arf scere fo  the ¢ ol ow o= il .| ¥

o pAatll i ) L1 ta . « o C the o 1



L0

Ltrib te Lolour cenp < o be Ly we the wva 1 tres

¢ ealed b 4 the 7 1 score  laincd f F TE 18y love
n 11 tre Llhree storag cort 1 o LA

5+ L1 1 csl U ¢ Tmentl af tre ri R revo led 7

11 ficart v o2 biw bety the tro rlCe wnples

ratirc n the muan cores obtn ned for Ule colo tf khe

a0 s aples e & =1 o oagnificeri vien st red an diffe ent

toitalners TFre 1nle action belveen the 1ce sarpl = and

rr twincre ley revealed a8 sag Ticwrt v o2 Laior o the
relovr of co led 1 » aples €@ ¢ Pt 1n e Thri en Fored
| e bt ce cort 2 o

Coluwr cranges di ang  toracse of C pre red oo
to 4 orth> duv  to no en ymatie b ovay ng (P~ mo o s
12 0)
4 5 7 Flavour ot cooled rice samples

Flavouyr cor t ules the arcn o odco of the p olicl
F i LA Ll gr 1 t Ltrab Le 1ol Ll L b

apperlile for the partic Ya  ood G

C fece o to g or thee fle oo of [ rire = f13les

[ nl d ar e 4



Table ™4 Changes 1in flavotr of cooled rice samples due to
storage and storage contailners (Mean scores)

{ma: 1mum Score — =)

Flavour of cooked rice samplgs

Rice -——-——_— - ———— = = = = = - = - - - -
varieties Stored rice sample
Fresh Mean
sarple - — -_— - - —— - -
Gunny bag Pathayam Metal b n
IF 18 -0 2o ~on GR] o0
(-0 80) (a @) ( Q0 73) { @ 40)
Med TF BT ~an ~osn oo A R
(0 ® 8 0 @ ™y (@ )
Mean Qs 2 =@ T 5D
( @ 55) { A =)

Pother 13 pe enttesis i dicates decron € an =cores

CD Values
L 27
Co a 7=
Co 178
rdroeowre of L0 wr F o oo ki 1 C
c d = aples 2f NI 18 (sto el and © ° tn fed Th 2 n
bev £ 1) rnoted £ o g the tor ge ¢ nl v or [l =
af @ 10 g fard 00 7% an Lhmme 1 rco P r r tpd n
ry ! g | tF f d el 1 r b 1 f 1 cC
vean icm 1 Tt d Vot ros=wen e fo
fla © foer e & cre. lcoc oan T 18 ar

an



Slaltwtrcal  wr lysas of tF dola revealed 't the
vartition an 1he aean sco ts obtrin d  for 1h- fl our
betveer  the lvo  1ce sanrple vere a3n Tacwl TF & wese =
sxghifirant daffe cice 1n 1P rsar sco - obtaincd for  tho
flavo of ke ve 2ce  npl v oo L ool ! ffe enl
slers3e w21 = cepl b oo oM 25 ed an

wvary P o and p o thagzam T r be 3 Lot tl
varieties and  tF= contarrcrs vere aleo fo nd  to bie
sagnificwrt

F a2 LY 0778 rejo o ed Lo d glopre L of of
fl ore 1th n =b L pee 2 4 o lu  ge r ! ice

jecxeldy tto om 11 o race t 11 trder ooy 1d nd

meen dag toe ! lka na (1979) <t ng s du= Lo ¢ bty ac d

d taor ar slor d vice «ffec 1 ih 1 vou wi coobed
1C6

Free falty o de the sto rd ra miple Ere r
haigtc Cone b eroin 3 rny ban follery d by rdbr mw rd

etal T ir boll {le raice s ples Sea = obdl ared for
flave lec ¥ nd bo dee & ¢ 13 93 im r paltte n
Thala tac rl sis ¢ the d La o ed ! jc 1ty e

1grafa 1
| wd cta
€ dr &)

4% o 1atiot (r 7 g&412) brteeor fres {atbky scad

ro {1 o r of Lo vd ricue s unples (7T hle r

W
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4 53 4 Texture of cooled raice samples on storage

Ter>turs 1= tle gualaty att 1l te tesled by feeli 3 th-
v obed ould L fieer ) as fou | Lo o er ¢ e Lle L e

qualait of «lo ed rice samples

Ef foct of sto e vr the te L re of rotel r ce . lee

1= presented i1r Tablc ™5

Table ™5 Changes in te ture of cooled rice =ample= dus to
=torage and storage container=s (Mean srore=)

(mz 1mLm score 9)

Te: ture of cooked rice samples

Rice -_— - = -
varieties Stored rice sample
Fresh Mean
sample - - -— ——= —— -
Gunny bag Pathayam Metal bin
rTec 1@ - =8 78 - oan 1 Q0 - 75
(18 20) (@ m @ =a) (8 75
Fod Thra era T ona T 10 R T os0 R
+E 10D ( & .1 { @ =@ a ~ny
M an R Y 55 75
( @ 2%) {2 Q) {(+Q =M
eober uwr p recthesy irdicetes LYCRSE Ar SCrres
CD Values
K e

() a1



f = n biw fe] 1ee aml, Mo» 1L 1 [ET Load [SU N TV S t

te ture of the lvo rice sample 1 o eqscd 2y @ 2% 0 TB 10
and by 8 20 in Red Thraveni wmrong the sto age cont wurers
Lhe arcrease noted ir gunny bag pathay m a d metal b r vere
e " B 80 1d @ "0 re pectisely A cou g c 1 tet the
rice samples reverled thet te £t = 1nc ea= ) an Ped 1 + con

r 41l the storage contwsiners traied

e datra whten =L taistically =2nal sed a s on frcant

diffrrerce  ur the mea fcores fo e te ¢ tolveen Uie kro
riee  gamples ere noled The ra t o 1n the ge n c B=
for 1ce sSawtples hetvr steored i trree W flerent tor g

cort ane = e o al=o fond to be 1gn f c nt e cept lrel Len
a 5 aple sl co wn gunr g ard pikay o e
rte aclior belieen lhe rice samples and rontziners we & not
1g 1fic k& ¢ pt letvee 1oer aples L ed ar =1 voan

vl anelel La  wrth Fed Thraiveni

Indludie swiry et 1 17 8) epwrt d that tle ¢ a=
lee dy tnocrea e an 1le consisloen  of osotel  riw th
o e pe 1 od The Ve ge ar i~ te vr c¢f ccc rice

e 1. 1o € nAa 1a f higt a vlo=s th ko el
co saistenc Fere ard Juiyizno (19837) rerortied change ir

mil q frope L e of M 74 and IR 42 and o b ¥ o sto ed

t "Fal fc rrtt t wnges ar b By oo o1 oqg Er ¢ of
millcd raice al 28 "ol and te t roc charges an IIF 77 Fored
2 1lled or oL gl 1ce vetre al o L erved ar this

arard
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Te tvre of nilled rice diring «geisg 15 reported to
imp ave vith lhe wnc ease 1n amylose conlent (/11lareal

ezt 1 1974 Fuere. and liang 19871) Huial omvlose rice ar

foni to Fa e rcreascd te ture Amylore level of ed
Ttra eniy stored 1n metal btain v = Fagher vie corp ol To
rice samples s o ed ir othe sto g Lructu Inc o & n
te fvre vas sl found to be gro te arong Fed 11 L ena

sto ed 1n w2 1 bin

Ttetisticnl analy 1. wsFoved thet 1 © e astas &
positive <ignificant ssociation  ( g 9" 5 betveen
nlo o cor ort erd e ture qualaty of stored 1ce =-mplos

(Tabl n Appendil &)
4 6 5 Taste of cooked rice samples on storage

las=le 15 1 qualily pa ameler v ch 2 hug 1v  d=pe ded
or tite andaivadu=l According to Mats e e &l { 291)
deter orat on 1n peslatabilsl, die Lo delcrio ttion 1 he

taste rd staclainess of reoleld 1co

Cffert of torege 01 the lasle of couked e sarples

18 pre cnled an Teble 76
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Table 36 Changes 1in taste of cooked rice samples duie +to

storage and storage containers {Mean scores)

(ma 1mum score — 1)

Taste of coo¥ed rice samples

Rice e - - - - - -
varieties Stored rice sample
Fresh Mean
sample - - = —— = = - - - -
Gunny bag Pathayam Metal bain
FTY 10 - 50 270 - e - 10 o
( @ 88) { 8 =0) ( 0O 48) { @ &)
Fed Thr veni - 109 A ~oeg -oon " ogm
( @ &) { 1 70) (6 133 (0 o)
Men - 70 2 of 2 95 ~oas
{ 8 70) ({ & = { @ 2%)

M ater w1 par nthesizs 1 Jicetcs d Lrecese 1 =2 ores

fe revealcd an L Etley, an £ B { e | and slec d) a
dewres=e AN 0 1 SCore v & chbkgl o for £ e by O 58 I
Fed Thri ent (1 estk «nd stored) 3 decreasce »f @ 70 vere

I u Ame 1 e stor ge conlal & Lte dec srase . Laste
rioted vere 0 70 @ % Ad @ 7% an 1w i b patl ay ~nd

etal b r respectavel

Trere v = o =agrafe art daff erce an t & genr Lo ee

obl 1 cd fFfor taste among the two v ce sanples

f p odiclt as accerted on the lasxtie of 2t e a1t Tfocts

iFe |l tab 12 ,

Lk



4 & & Doneness of cool ed rige samples on storage

Doneness a5 Lhe gquality attribute to determine wleathe
the rice 1s well coobed or not I tre F esort st dy tle
la takernn Il», the ¢ =8 ples to b roo | Jer e frd on
slorege by % to 10 asinctes= Donere=ss 13z mexs. ed by
pressing 1t eathk finger Effect of ztorage on  doness of

cuted rice semples 1s pre-ented an Table 7

Table 37 Changes 1n doneness of coobed rice samples due to
storage and storage contasiners (Mean scores)

(masy 1mum scotre—9)

Doneness of cooled rice samples

Rice
varieties Stored rice sample
Fresh Mean
sample - - — - - -
Gunny bag Pathayan Metal bain
FTD 1@ ~oag - 20 T 2@ @ - "0
(0 @) ({ ® Q) 0 "0) n 7o)
el Ttravem 0 a9 028 T 4G 10
(@ =0) ( 0 0) { 0 10) 0 ")
Mean I 3] T 3R I N - 25
( 0 10 { 0 @) 0 1%
M ber an pareriltceils wrdicates ke ease 2 Cores
A doo cxaseg of @ @ wn the v 1 =cor obthr ¢d Ho

dote e2ss wae roted an FTF 18 {(frre- and sto fd}) vien cooled
« o ap Red Thraveni fr sh ard siored R fmong
the sblorage ¢t aners decrea ¢ 8 40 0 3 and 3 17 Ar
g ny B3sg Pl s on d mci 1 i v obh » od

gepect vels

i
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A comparison between the rice samples revealed that

lower mean score was cbserved in PTBE-18 in all three etorage

structures tried. '

Statistical analysis of the data revealed. that the
variation in the mean scores obtained For donensss among hthe

two rice samples were not significant.

Organoleptic qualities of the stored rice samples
revealed tﬁat appearance and texture was found to  increase
on storage in Fed Thriveni than in PTE-10. All other factors
like colour, flavour, texture, taste and donerness was  found
Lo decrease on storage. The rate of decresse was greater in

FTE~10 than in Red Thriveni. (Fig - 9)

Among  the storage containers the decrease in guality
attributes wag grealter in gunny bag while metal bin  proved
tn be’ more resistant to changes in guality parameters.

(Fig - 8).
CONELUSTOM:

The wsual storege pericd for rice grains, in the state,
is found to range from one month to one year. Generally the
stored grains get ENhEUEtEd.by the next harvest. Among .the
storage structures assessed, gunny bag iz found suitable
Tor short term storage. Sheld life gualities related to
graein constituenlts, physical, coacking and organalepltic

Claracteristics ascertained in the stored rice sanples,

\3e



revealaed Lhe worthiness of metal bDins am an lodeal otoracge
structure. Mowever, the variaticn in the above gualities
amang the three structures tried were statistically not

significant. -

A comparison between & hyhrid derivative (Red Thriveni)
and local variety (FTE-10) made in this study revealed that
whelf life gualities of hybrid derivatives are better  than

those of the local variety.
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SUMMARY

"Qualitative and gquantitative

A six months study on

changes  in stored rice" provides comprehensive information
.

tn the effect of different methods of =torage Gh the various
quallity parémeters of stored rice greains viz. nutritional,
phiveical, cotking and organclepltic characteristics and rats
of ‘insect infestation. For comparison, two rice samples,

FTHR-1@ aqd Red Thriveni were selected for the study.

ES Grain constituents like moisture, protein, non-protein
riltrogar, uric acid, minerals {(caloiunm, iran s

phosphorus}t  and  Tree fatty acilds were ascertained in  raw

rice samples.

¥ Storage was Towd to have & positive influence in
increasing the onoisture level in vice samples. Meoisture
level was greater in PTE-18. Moisture absorption was greaster
in samples stored in gunny bag fellowed by those in pathavam

ang metal kin.

b Storage was Tound o decreass the protein content of

N

the rice samplis, the decreass being greater in csamples

stored in gunry bag followed by those stored in pathayvam and

metal bin, Frotein loss waes higher in FTE-16.

L Momprotein nitrogen content- of the rice =zamples were

ohaarvied to dedresse, the decrsase bheing greater in PTE-10.
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BSamples stored in gunny bag were found to be easily affected

Il

hy such changes.

¥ Uric acid level was found to increasze during storage in
rice samples stored in gunny bag followed by those stored in
pathayam while in metal bin wric acid was absent in the rice

samples. Uric acid level was greater i PTR-10.

r
¥ Ar analysis of other components like calcium, irom  and
phosphorug had indicated that the rate of decrease in  the
i
mineral was greater in FTB-1@. Mineral loss waz  lowser in

metal bin when compared to other two storage structures.

% Storage was found to influsnce the fres fatty acid

level in the rice samples, the increase heing higher in FTBE-

i  tharn in Red Thriveni. ¥Rice samples stored in gunny hag.

had greater loss of lipids as free fatty acids when compared

to the other two . storage containers.

o The grain constituents studied in raw as well ag in
cockted sanples were reducing and nonreduacing sugars,  starch

and  amyloss.

¥ Reducitg sugar wes found to incresse in raw ard  cooked
samples in gtorage; Ir raﬁ samples the increase was greate?
i rice senples stored in gunny bags. Uwen compared to  Red
Thriveni, FTE~18  had higher reducing sugsr level. & szimilar

trand waes noted in cooked sanples: sleo.

3y



* Momreducing sugar when sssessed was found to  decreoaso
greaxtly in PTR-10 stored in gunny bags when comparcd to  Red
Thriveni. A comparison among the rice samples starcd in

W

Lhree  storage strectures  revesdod bhal the decroae

greater  in gunny bag followed bty those Samplég sltored In

pathavam and metal b,

2

b Starch content of rice samples decreased on storago.

stavrch content was fouwrd  hto  bhe

The rale of decre:
grealor s in Bed Thriveni than in FTR-10. Among  the storage
containers, rice zamples =tored in metal bin were found  to
underge less etarch hydrolyeis than in gunmy bag In yraw as
wall  as dn cooled samples.dhen cmméarmd o PTE-16, arylose

Tevel  in raw and cooked samples was lowsr in Red  Threiveni.

34

fmylose content of these to typee aof rice sanples wore found .

Lo increase at & bigher rate when slored in ounny  bag
a

folloused by those stored in pathavam and mehtal hin,

s The physical cheracteristics studied were  thousand
grain weight, head rice vield, total solides, wviscesity and
gelatindisation temperature. Thowsand grain weight was  lower
in PTE-18. Storage =structures were found hto influesnce
Lhousand grain weight significantly. Rice samples stored  in

Juwnirry bhags generally bad a lower thou=and grain weight than
g , G u;

the rice samples stored in pathavam arnd metal i,

¥ Compared to FTE-LG, higher head rice vield was found in

g Thirivend. The percentage of head rice vield was found to
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be increased in the'samples im metal bin followed by those
in  pathayam &and gurnny bag. Moistoure level of the stored
grains and head rice yvield were found hto have significant

sgesociatiom.

b Total soclid level was comparitively lezs  in shared
t
PTE-10  and the two rice.samples stored in gunny bage. A
’
gignificant ascsociation was found betwsen decresase in botal

e¢nlids and temperature of the storage structures.
f

AN dAncrease in viscosity was found  in Red Thrivend
zsbtored in gunny bag when compared to other shored samples.
fisylose  content and viscosity of stored rice canples  wore

#lzo sigrificantly associated with zach other.

Bt & significant decrease was found in gelatinisation
Lenperature betuwocen  two rice semple=s. Change wag more  in

rice samples stored in metal bins.

infestation was abserved only in rice samples

¥ Insa
wltored in gunny beg(@.70 per cont) and in pathavam (@.59 per
cent).  Insect infestation was  found to bhe positively

influenced by oodisture, protein and wice acid level of

stored rice samples.

bl Different cooking characteristics studied were water
uptake, optimuem cooking time, sltickiness, volume eupancion,

swerlling dndex wowd grusl loss.

s
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® Water wptake level during cooking was higher in Red

Thriveni stored in gunny bag when compared to FTR-10.
1

X A significant decrease in optimum ceooking time was
chserved in Red Thriveni. Among the storage cdontainers, &
decrease was noted in rice samples stored in gunny bag and

pathayam.

H Stickinesse was less in FTE-120 after storage. This
quality was existing in a higher degree in samples stored in
gunny  hkag and it was found to decrease wilh an increase  in

amylaose content and temperature of storages structures.

& Volume expansion of cooked samples wers directly
influenced by walter uptake. Yolume expansion was higher in
FTR-1E&. Sanearg the sborage containers, volune csapansion was

greater in sanples stored in gunny bag.

Swelling indexr of cocked samplos incressed on storage.
Thic was found te be greater in rice sanples stoered in gunny

ey .

Gruel loss was found to be greater in PTE-12. Among
the storage containors, gruel loss vas greater in the rice

samples stored in gunny bag.

hi 3 Colour, hardness and cdour were the majar parameters
tested to decide the popularity and accsptability of  the

rice samples. Hardness was found Lo increase in Bed Threiveni

AN



when stored in mets) bin than bthe rice samples stored in

other two storage structures.,

Colour and odowr were found to decrease on storage.
Among the two rice varieties, colowr and odBur decreased
-greatly i FPTR-180  when co%pared to Red Thriveni. Rice
samples Btmreé in qunny b@g was found  to  be least

acceptable with reference to colowr and odour.

% The guality parameters studied for the acceptability of
cooked rice were appesrance, colouwr, flavouwr, tasﬁm,textura
amd donanéasl-ﬁmong the rice varieties, Hed Thriveni was
- found  to be more acoeptable for cooked rice becauss of its

better appearance, colour, flavouwr, taste and donenesss  than

FTE-10.

¥ On cooking, appearance was found to improve in thoe  teo
- '

rice’ samples. A comparison amorng  the storazge structuerss

revesled that the appearance of rice varietis

-

= stored  in

E

matal bin was the hest.

EN _ lLower scores were given to "celouwr" for PTE-10 than

Raed Thriveni when cooked. Among the storage contsiners; rice

aémplms Fycam mé%al i had higher scores than  the samnples
froam obther storage stractures. Flavouwr wag alsoc fourdd  to

decrease greastly  dn PTR-19 than dn Fod Threivend. The
glerioration was greater in gunny bapg among the storage

whructuwres tried, followed by those stored in palhayam  and

mealtal bin.

LR
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Textwre of the rice samples were found to improve  in
!

FTR-18  due to storage. Amohg thoe storage contoiners, the
1
irncreaze was greater in the sasmples stored in metal bin than
those in  gurny bag and pathayam. A positive significant
y -
asscciation was found to exist between texturk and amylose

content as well as temperature of storage structures.

7

s Taste of cooked rice samples decreased greatly in FTR-
183. The decrease in taste was greater in gunny bag followed
I3y pathayem and metal bins. Doneness waes also  found  te

decrease in a similar manner.

Diflerent parameters attemnplted rovesled graater
usefulneszs of metal bin as & storage structure. The study

Lhirows 1ight on bhe fact that nowly eveolved variely viz. Red

Thriveni had & hetter shelf life. Further studies on these

snpecls are warvranted.
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APPENDIX 4
EFFECT OF STORAGE ON THE DIFFERENT GRAINS CONSTITUENTS
OF COOFED RICE SAMPLES
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APPENDIX S
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OF RICE SAMPLES ON STORAGE
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ASSOCIATION BEfNEEN HARDNESS AND HUMIDITY

OF STORAGE STRUCTURES
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ASSOCIATION BETWEEN ODOUR AMD TEMPERATURE

OF STORAGE STRUCTURES
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ASSOCIATION EETWEEN DODDUR AND FREE FATTY ACIDS

OF RICE SAMPLES
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BETWEEN ODOUR AND FREE FATTY ACIDS

OF RICE SAMPLES
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ASSCCIATION DRETWEEN TEXTURE ANMD AMYLOSE COMTENT

OF RICE SAMPLES
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AFFENDIX 7

EFFECT OF STORAGE DN COOKING CHARACTERISTICS

ARSTRACT OF

Variehy
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APFEMDIX 8
EFFECT OF STORAGE OGN ORGANOLEPTIC QUALITIES

OF RAW AND CCOKED RICE SAMFLES

GRSTRACT OF ANOVA
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ABSTRACT

Aualitative mand guantitative changes in stored fice
varietizs wviz. PTE-10 and Red Thriveni were determined by
asswhing  the changes in their grain constituents, physical
characteristics, inssch infgstmkimn; cbmking characteristics
and organoleptic qualiti&c; After =ix months storage effect
aof different storage containers such as gunny bag pathqyam
and metal Fim on  these qualities were talen into

consideraltion.

The grain constituents ' like jrrotein, nonprotein
nitrogen, calcium, diron  and phospbhorus were found to

decrease  at & greater rate in FTE-18@ stored in  gunny  bag
whian compared to Red Thriveni. Similarly constituwents like
molistuwre, wic acid and freefatty acids were found 'to

increase in FTE-19 than in Red Thriveni.

Changes im grain constituents, reducing sugares,

norreducing sugars, starch and amylose were observed both in

raw as well as  in cooked rice samples . after storage.
¢

v

Increase in  reducing sugar and amylose was at a greater
L4

rate  in PTE-10 stored inm gunny bag especially when cooked

while nonreducing ' sugars and starch level were found to

tdecreéagse in & similar order.

Compared to FTE-10 in gunny hag after storage, Red

» . N t
Thriveni cbtained lower values for thousand grain weight and

Y



total solid level., when stored in all the storage contzn s
tried, Hgad rice visld and gelatinisalion tempera’-=2 of

CTrice samples incrsgsed in Red Threiveni a"ter  storage.  the

rate  being higher in gunny bag wie- compared to other two

storage structures. YViscosl'y was found to increase greatly
i

i Fed Thriveni —tored in metal bin,

Inszot  infestation wes found "to be greater in gunny
kags while metal bin was found to be insect proof. FPTE-10

mas affected by dinsscts more when comparesd to Red Thriveni.

PTR-10 obtained higher valups for cooking
characteristice such ds volume expansion and gruel loss than
Red Thriveni, when stored in gunny bag. Az a result of
storage water uptake level and swelling indey increased at
o greater  cale in Red Thrivend in all the storage
containers lricd. The rate of decrease in  optimum  cooking
time was qareater in PTE-18 stored in gunny bag while
stickiness was greatly reduced in Red Thriveni when compared

to PTE-10.

Raw rice samples were more acceptable hefore storage as
quallity parameter hardness increased after storage. Storage
provided low scores for colowr and odouwr which had a

negative influsnce on consumer accaptance.
\ -
. ‘

Red Thriveni was more scceptable for all  the quality

attributes Lhan PTBmlﬁl The quality attributes coloyr and

\1L



ined low scores i bhe two  rice vardeties,

eeing greater in PTE-10 0 than  Red Thriveni.

the decroes

~h

T Taste, Tavour ard donernesszs was Tournd to decrease in the two

rice samples. The rate of decrease in taste. fTlavour and
maeey in Red Thriversi when comnpared te FTE-10.

ABmong the storege containers, metal bin was found te he a

batter storags structure than pathayvam and gunny bag.

The esxperiment thirew light on the significance of metal
bin as a storage structure and favouwrable facts in the shelf

Yide gualities of evolved variebties like Fed Thriveni.
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