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3 Executive Summary 
The objective of this project was to provide a solution to the acute problem m far eastern ASia where paddy 

nce IS harvested at high mOisture contents (MCs) dunng the monsoon season ThiS paddy must then be dned 

rapidly to a safe MC m order to prevent It from moldmg and rottmg However If the paddy IS dned rapidly 

from about 30% to the required safe Me the grams !>uffer stress resultmg 10 crackmg and breakage To 

overcome thIS problem a two stage drymg procedure has been advocated where the paddy IS InItially dned to 

18% (mtermedlate MC) at which stage yeast and bactenal activity are suppressed followed by a second stage 

drymg from 18 to 14% MC to prevent the development of storage molds However the drymg problem IS 

compounded by the fact that most farmers do not have flash dryers and are oblIged to sell theIr gram directly to 

the traders Even If flash dryers are available InSUffICIent capacity of second stage dryers creates a bottleneck 

at harvest tIme 

Our project was deSigned to develop a technology that would enable farmers to overcome thiS bottleneck at the 

second drymg stage by provldmg them With a means of stonng the mtermedIate MC paddy under tightly sealed 

conditions and thereby prevent spOilage for prolonged pen ods until drymg by sun or machme IS agam an 

available optIOn 

The present polIcy of the FlhpIno government IS dIrected at provldmg small scale farmer cooperatives With on 

site storage UnIts so as to decentralize storage of the natIOnal gram reserve as well as proVide rural 

commumtIes With a higher level of food secunty ImplementatIOn of thiS policy IS under way and already the 

concept of sealed storage to protect dry gram from Insect mfestatlOn has been Widely promoted together With 

the dlstnbutIOn of fleXible plastiC outdoor storage cubes that were developed by ARO and BPRE as the 

outcome of a prevIOus CDR project (C7 053) In 1998 about 200 Units of these storage structures were 

purchased and dlstnbuted to farmers cooperative reCIpients nationwide Recently the government has 

purchased an additIOnal 300 UnIts for distribution among farmer cooperatives through soft-loans This IS bemg 

done as a rmtigatmg measure In anticipatIon of La Nina 

However the problem of harvestIng mOist paddy m the ramy sea!>on stili remams Although both the 

prevlou!>ly developed storage technology and the present one are based on the same pnnclple of hermetiC 

storage the objective of the present project was to employ the pnnclple of self-regulated atmospheres caused 
by aerobiC metabolism m order to arrest fungal development and preserve gram quality m paddy of 

Intermediate MC Here to prevent spOilage oxygen depletIOn must be much greater and more rapid than that 

reqUired to control Insects and It was anticipated that thIS would reqUIre a hIgher level of hermetIC seal than 

that reqUIred for Insect diSInfestatIOn 

The first two questIOns to be answered before field tnals could be Initiated were - do the rates of oxygen 

depletIOn obtamable by sealed storage of mOist paddy prevent mold prohferatlOn suffiCiently In the damp 

gram and - can hermetic storage of Intermediate MC gram be carned out Without havmg a deletenous 

Influence on the aroma taste and cooktng qualities of the nce') 

Both these aspects were studied dunng the fIrSt and second years With laboratory studIes In the PhllIppmes 

bemg undertaken on the effect of hermetically sealed mOist paddy stored for different time penods on 

different quality parameters mc1udmg mlllmg and organoleptiC charactenstlcs while In Israel studies With the 

same paddy and also wheat were directed at evaluatmg rates of aerobiC metabolism at different mOisture 

contents and temperatures as a baSIS for determmmg rates of oxygen depletIOn wlthm the storage structures 

In the first year a fleXible storage structure of 10 tons capacity was manufactured from a plastic lammate 
chosen from a senes of materIals that were screened to test their permeablhty to oxygen and carbon diOXide 

ThiS structure was fIeld-tested pnor to ShIPPIng for paddy storage trials to be undertaken m the Phlllppmes 

Although calculations Indicated that the low permeabdlty of the lmer matenal would give a suffiCient seal to 

reproduce laboratory condItIOns an additIOnal factor was anticipated to have an Illfluence on the storage 

environment under field condItIOns This was the development of air convectIOn currents wIthm the stack that 

carry mOIsture and depOSit It at the top layer These currents develop when temperature gradients are formed as 
a result of dIUrnal temperatUle fluctuattons ThiS phenomenon was noted III the prevIous study when storage 

cubes were set-up In un shaded sites As a counter measure an Insulatmg layer of nce hulls was placed over 

the top layer of bags and thIS solutIOn was adopted as standard procedure However for the storage of 
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mtermedlate Me gram the situation IS much more cntlcal SInce any nse m Me above 18% IS lIable to enable 

the anaerobic metabolIsm of bactena and yeasts that have a strong mfluence on gram qualIty particularly taste 

and aroma 

An Improved solutIOn developed dunng trus project was the use of an external reflective shade cover placed 

over the storage cube m order to reduce temperature gradients wlthm the gram and thereby mImmlze the 

mOIsture migration phenomenon Imtlal tnals that were carned out m both countnes m the second year were 

mconcluslve However after modificatIOns further tnals carned out dunng the third year m both countrIes 

gave posItive results that have led to adoptIOn of thiS concept for all outdoor storage m plastiC lmers and 

mc1usIOn of reflective covers 10 the standard commerclallats 

It was clearly demonstrated m the first year that the rates of oxygen depletIOn m hermetically sealed mOist 

paddy could prevent mold prolIferatIOn but the effects of hermetiC storage upon paddy qualIty took longer to 
evaluate than planned as thiS reqUired repeat expenments to enable m-depth evaluations of cookmg and 

acceptability parameters that were earned out by Prof Del Mundo at the Umverslty of the Phlhppmes Los 
Banos after 1 3 and 6 months of storage The project findmgs mdlcated that after I month qualIty of sealed 

paddy stored at up to 18%MC had not detenorated However further evaluatIOns made on paddy stored 

hermetically for 1 3 and 6 months under both laboratory and field condItIOns confIrmed that after the first 

month of storage the qualIty of mOist paddy (16-18% MC) detenorated progreSSIvely and the gram was no 

longer acceptable by the taste panels These fmdmgs enable the followmg tentative recommendations to be 

made for paddy storage duratIOn 

For 18% MC one (1) month 

(not confirmed For 17%MC one (1) month 

by For 16% Me can be extended to two (2) months 

field tnals) For 15% Me can be extended to three (3) months 

For 14%MC stIll the recommended level for 10nK term paddy storage 

In conclUSIOn the present Widespread ImplementatIOn of the hermetic storage technology at the cooperative 

and VIllage level throughout the Phllippmes has been backed up With BPRE Imtlated on-the-spot extenSIOn 

courses Many aspects of thiS technology have not yet been explored especially field validatIOn of the 

laboratory fmdmgs at 15 17% MC However Will we antICipate that thIS enterpnse wIll serve as a startmg 

pomt for the adoptIon of hermetIC storage to protect paddy of mtermedlate Me untIl It can be dned 
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4 Research ObjectIves 
Rice IS one of the most Important food crops 10 the world and dependence upon Its 
avaIlabIlIty IS a determmmg factor for food secunty of large sectors of the predommantly 
rural populatIOn and also the urban poor In ASIa, nce IS the major cereal crop, and m many 
countnes natIonal polIcy IS towards self sufficIency and export ThIS has been achieved by 
the development of hIgh YIeldmg varIetIes WIth reduced growmg seasons that have enabled 

fanners to produce larger harvests However, the double croppmg of early maturmg vanetles 
reqUIres harvestmg to take place dunng the monsoon season when the mOIst grams cannot 
be sun dned Most of the nee IS grown by small scale farmers who possess neIther storage, 
nor artIfICIal drymg faCIlIties Consequently losses after harvest (before the gram can be sun
dned) due to mold development are hIgh, or the gram has to be sold ImmedIately to traders 
who have the faCIlIties to dry It rapIdly Therefore the farmer IS unable to control the pnce of 

hIS harvested paddy at the farm-gate and IS obhged to sell at the moment of glut when pnces 
are lowest ThIS problem of harvestmg mOIst HYV paddy dunng the monsoon season has 
been recognIzed as THE major cause for losses by the small scale farmer (see FAO
IRRIIAED RIce Post-Harvest Conference summary by Dante de Padua, 20 10 97) 

In the PhilIppmes, more than half of the total annual local productIon of paddY-flce IS 

harvested durmg the wet season (Phlhppme Agnbusmess Fact Book and DIrectory, 1991-
1992) Paddy IS usually harvested at 20 to 21 % MC dunng the dry season and 28 to 30% 
MC durmg the wet season (Mendoza et aI, 1984) In a survey conducted by Tolentmo et al 
(1992), the purchase of wet paddy by nce traders m Bulacan and Nueva ECIJa provInces IS 
about 53% of the total volume produced dunng the wet season and 13% of the total volume 
durmg the dry season ThIS mdIcates the hIgh volume of wet paddy handled dunng the ramy 

season 
The use of mechanIcal dryers has been so far the recognIzed method of preventmg 

detenoratIOn of wet paddy durmg the ramy season However, the hIgh cost of mvestment, 
mamtenance and operatIOn, are among the constramts hmItmg the adoptIon of thIS method 

espeCIally m rural areas (Bermundo and Qmambao, 1984, Lorenzana, 1985) To thIS day, 
sun drymg contmues to be the most favored method of drymg paddy Thus dunng the ramy 
season, farmers and traders alIke are forced to walt for the sun to shme 

A rapId change 10 the qualIty of paddy has been observed when drymg IS not carned 
out ImmedIately after harvest RIce yellow1Og (generally attrIbuted to heatIng and 
mlcroorgamsm activIty), mcreases slgmflcantly after two weeks and one month delays m 
drymg of paddy WIth an ImtIal MC of 23-25% and 20-22%, respectIvely LIkeWIse, for 
paddy with an mltIal MC of 30%, yellOWIng mcreases sIgmflcantly after 2 days delay 10 

drymg (Mendoza et al 1982) The mcrease 10 yellow kernels In mIlled flce creates an 
economIC problem for producers and traders because yellow nce commands a low prIce III 
the market Mendoza and QUltcO (1984) proVIde computatIons of monetary losses due to 
yellowmg As a result of yellowmg It has been estImated that up to 30% of the value of the 
country's total stocks IS lost (Anon, 1988) RIce yellowmg of mOIst paddy has also been 
mvestlgated 10 IndoneSIa mcludmg IsolatIOn of assocIated fungI (PhIllIps et aI, 1989) Other 
evaluatIons of detenoratIOn of mOIst paddy under aerobIC condItIons were used by Matsuda 
et al (1974) mc1udmg fat aCIdIty and germmatlOn as qualItatIve mdlces and odor as a 
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qualItatIve mdex 

The dIffIculty m adoptIOn of mechanIcal dryers necessItates the exammatIon of 

alternatIve solutIons to the fungal detenoratIOn of wet paddy The use of chemIcals (such as 

propIOnIC aCId) m the storage of wet paddy has been found effectIve m mhlbItmg 

detenoratIon due to fungI However, thIS has posed some lImItatIOns due pnmanly to ItS 

prohIbItIVe cost 

The use of aIrtIght condItIons or modIfIed atmospheres for preventmg detenoratIOn 

of hIgh mOIsture paddy dunng temporary storage untIl It can be dned, offers a novel 

pOSSIbIlIty for farmers to mamtam qualIty for prolonged perIods In nce, most storage fungI 
are mhIblted by atmospheres wIth less than 1 % 02, (Rlchard-Molard et aI, 1986), whereas 

carbon dIOXIde (C02) concentratlOns In aIr of greater than 80% may be reqUIred to prevent 

fungal detenoratIon of hIgh mOIsture commodItIes (Hockmg, 1991) 

The present polIcy of BPRE (formerly NAPHIRE) advocates two stage drymg, 

whereby hIgh mOIsture paddy should be dned down to below 18% Me 10 the fust stage to 

mInImIZe rapId detenoratIOn followed later by drymg of mtermedIate mOIsture paddy down 

to 14% Me (Andales, 1987) ThIS project therefore aImed at fmdIng an alternatIve to the 

second stage of drYIng or to delay the need to undertake the second drymg stage beyond the 

presently acceptable holdmg penod of 21 days (Qmtco 1983) 

The project's hypotheSIS IS that at Mes below the level permIttIng bactenal growth, 
namely at water actIVIty (aw) <087, most storage fungI are fully mhIbIted m atmospheres 

contammg less than 1 % 02 In addItion, nsks of mycotoxm productIOn are nulhfIed at 

reduced 02 concentrations (Paster, 1987, Paster and Bullerman, 1988) 

However, the mfluence of mtnnslc and extnnslc factors governmg microfloral 

actIVIty of mOIst gram, and partIcularly paddy, under hermetIc storage, reqUIres further 

clarIfIcatIon m order to reveal the mter-relatIOnships m the "gram-mlcroflora" ecosystem 

An Important aspect of thIS research project whIch needs further elUCIdatIon, IS the aerobIC 
stabIlIty of paddy after openmg the hermetIc structures and pnor to Its utIlIzatIon for human 

consumptlOn (Dlawara et aI, 1986 ) ThIS matter has not yet been c1anfled 
The storage of gram In gaSlIght structures IS a well known method to prevent msect 

actIVIty m dry grams, and has been apphed m practIce mcludmg storage of gram m fleXIble 
plastIC enclosures (Donahaye et aI, 1991, Navarro and Donahaye, 1988) Therefore It was 

postulated that the plastIC mdustry IS now capable of manufacturmg durable, weather 

reSIstant lIners to a degree of gas tIghtness that WIll restrIct mlcrofloral actiVIty 

The ObjectIve of preventmg losses usmg the aspects of microfloral and atmosphenc 

gas composItlOn mteractIOns has not yet been addressed to problems encountered m tropIcal 

countnes The sparse lIterature on hermetIc storage In the tropICS has been based on the use 

of gaSlIght metal structures These tends to be susceptible to the establIshment of 
temperature fluctuatIOm that cause mOIsture mIgratIOn and also encourage aIr mfIltratIOn 

caused by a pumpmg effect through leaks due to pressure dIfferentIals PrelImmary 

expenments usmg fleXIble lIners m the tropICS mdIcate that these problems can be 

sIgmfIcantly alleViated with encouragmg results (Donahaye et al 1991, Navarro and 

Donahaye 1985, Navarro and Donahaye 1988) 
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In the lIght of the above rationale, the ObjectIve of thIS project was to develop a 

storage solutIOn for paddy at mOIsture contents above crItIcal levels but below aw 0 87 

(eqUivalent to about 18% MC), by mhlbltmg fungal development For thIS purpose, a 
flexIble plastIC structure was deSIgned WIth a suffICIently tIght hermetIc seal that the self

generated metabohc actIvity of the paddy reduces oxygen concentratIOns to below 1 % ThIS 

should enable the paddy to be stored WIthout mIcrobIal damage untIl mechamcal dryers 
become avaIlable, or sun-drymg can be carned out at leIsure, or m countnes where 

parboIlmg or steam-boIlmg are practiced, the paddy can be processed 

The mnovatIve aspect of thIS research IS that It was the fust attempt at provldmg a 

technologIcally sound alternatIve to two-stage drymg, and at the same tIme provldmg the 

farmer WIth the means ot delaying sale of hiS harvested gram untIl the prIce IS fIght 

Present natIOnal polICIes are dIrected towards decentralIzmg storage reserves by mcreasmg 

storage capaCIty In rural areas Consequently, fleXIble sealed storage structures as developed 

m a prevIOUS CDR project (C7-053) are now being Increasmgly used m the Phlhppmes at 

the cooperatIve level Therefore thIS storage concept dovetails WIth eXIstmg pohcy trends 

5 Methods and Results 
5 1 Laboratory studies on factors affectmg gram conservation under gas-tight 

conditIons (Israel) 

The ObjectIve of the fIrst laboratory studIes, before fIeld tnals could be mitIated, was 

to examme the rates of oxygen depletIOn obtamable by metabolIc actIVIty under sea1ed 

storage of mOIst paddy and then verIfy how these rates would affect germmatIOn, and 

whether they could effectIvely prevent mold prolIferatIOn m the damp gram 

5 1.1 MetabolIc actIvIty 
RespIratIOn studies were undertaken to evaluate paddy conservatIOn under dIfferent 

combmatIOns of water actIVIty and temperature A parallel senes of experIments was camed 

out on wheat both for comparatIve purposes, and m order to proVIde data for prehmmary 

field tnals WIth expenmental storage contamers to be earned out m Israel, usmg wheat as a 

substitute for paddy 

I) Paddy 

In order to detelmme the potentIal of paddy to generate self-regulated atmospheres 

under completely gas-tIght condItIOns, controlled laboratory experIments were undertaken 

WIth fIve target levels of MC, namely, 14, 15, 16, 17 and 18% W b approxImately 
correspondmg to the followmg water actIVItIes aw 075,080,085,088 & 090 

The expenments were undertaken at 25,30° and 35°C, for three storage duratIons of 

1,3, and 6 months A nee vanety WIdely planted m the PhIlIppmes (IRRI 64) was used for 

the expenment Paddy that arrIved from the PhIlIppmes at an ImtIal MC of 13 06% was 

mOIstened to the deSIred Mes before the <;tart of the expenment After mOIstemng, glass jars 



6 

were fIlled wIth paddy (370 g/Jar) The Jars were sealed hermetIcally WIth screw type metal 

covers eqUipped WIth septa for gas samphng, and transferred to thermostatIcally mamtamed 

chambers at the desIred temperatures The rates of respIratory metabolIsm as expressed by 
02 Intake and CO2 output were determmed at regular graded mtervals, by gas 

chromatography usmg a thermal conductIvIty detector To evaluate metabolIc actIVIty mSlde 
the sealed system, the absolute weIght of 02 consumed by the gram was calculated To do 

thIS, a manometnc method usmg transducers was used to determme the mterstItIaI space and 

headspace of the gram m the expenmental Jars Paddy that arrIved from the Phlhppmes was 

derIved from the same lots as those used by BPRE for theIr laboratory expenments (see 

SectIOn 5 2) Two sets of expenments were carned out because the fIrst consIgnment of 

paddy was later found to consIst of ram damaged gram WIth an InItIal germmatIOn level of 

23% Therefore the laboratory trIals m both the PhIlIppmes and Israel were repeated usmg 

hIgh qualIty paddy WIth a germmatIOn rate of 91 % 

The expenment was dIVIded mto two tnals The fIrst was deSIgned to record rates of 
change m gas composItIOn under completely sealed condItIons The pnnclpal fmdmgs of thIS 

tnal have been published (Donahaye et al 1998) and are not reported m detaIl here They 

can be summarIzed as follows For good qualIty paddy, at all three temperatures, there was 

an apprOXImate doublmg (X 1 7) m reSpIratIOn rate for every umt mcrease III MC over the 

range tested, and for ram damaged paddy, thIS ratIO was slIghtly hIgher (up to X 1 9) 

Similarly, for every SoC mcrease m temperature, the mcrease m respIratIon ranged from X 

1 7 to X 2 2 for good qualIty paddy, and for ram damaged paddy from X 1 5 to x 1 95 A 

lmear relatIOnship was found between reSpIratIOn rates expressed as log of oxygen 
consumptIOn m mg 02/100g/dry matterl day plotted agamst paddy MC For 18% MC at 

35°C, respiratIOn rate of hIgh qualIty paddy was 2036 mg 02I100g dry matter/day, and for 

14% MC paddy at 25°C It was 0 604 mg 02IlOOg dry matter/day For the same temperatures 

and MCs the low qualIty paddy gave values of 17 175 and 0 585 mg 02I100g dry 

matter/day 

ll) Wheat 
In order to prepare for the pIlot-scale fIeld tnal to be carned out m Israel, where 

wheat IS the only convemently avaIlable cereal gram, an IdentIcal tnal was carned out usmg 

wheat mOIstened from an mJtIal 9 79% MC to the same range of target MCs and held over 
the same range of temperatures Rates of O2 consumptIOn and CO2 output at the dIfferent 

MCs were measured and these are gIven at the 35°C level m FIg 1 The calculated metabolIc 

actiVity of wheat mSlde the sealed Jars under dIfferent temp,.eratures IS gIVen III FIg 2 

The FIgures show that for wheat, the rates of self-regulatIon of atmospheres III gas

tIght Jars showed a SImilar dependence on MC and temperature but were consistently hIgher 

than those of paddy 

FIg 1 Measured rates of oxygen consumptIOn and carbon dIOXIde output of wheat held at 
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5 1 2 Effect of gas-tIght condItIons on fungal contammatlOn 

I) paddy 

ThIS tnal carned out both on ram damaged paddy and good qualIty paddy, was 

desIgned to evaluate the mfluence of the atmospheres so obtaIned on mIcrofloral growth 

Glass vIals (100 ml) were fIlled wIth paddy mOistened to the desIred MCs Contrary to the 

reSpIratIOn tnals, gas samples were only taken dIrectly after sealmg, and a day later to venfy 

gas-tIghtness Fmal gas samples were taken at the end of the tnal, ImmedIately pnor to 

openIng the vIals for analYSIS of mIcroflora FInal Me determInatIOn of each sample was 

also measured at thIS stage 

Fungal contammatIOn was evaluated USIng a standard platmg method after 0, 1, 4, 

and 6 months of sealed storage The data obtamed on total fungI count clearly revealed that 

for both qualItIes of paddy, the fungIstatIc effect of the gas-tIght condItions are well 

expressed even at low levels of water actIVIty Selected results of these analyses for the 
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good qualIty paddy, are given m FIg 3 

FIg 3 Fungal counts of good qualIty paddy taken before gas-tIght sealed storage, and after 

one to SIX months of storage at 14 and 18% MC and three temperatures 

II) wheat 
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An Identically deSIgned tnal to examIne the effect of hermetic storage on the fungal 

count of wheat, gave SimIlar trends In reductIOn of fungal count to that of paddy, though 

Imtlal mfectlon was In the order of 1,000 CFU/g (as agamst 100,000 CFU/g for paddy) 
Selected results are provided m FIg 4 

FIg 4 Fungal counts of wheat taken before gas-tIght sealed storage, and after one to SIX 

months of storage at 14 and 18% MC and three temperatur.es 
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5 1 3 GermmatIon 
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1--+-25 C 14%MC 

Although It has been shown by us that hermetIcally stored dry paddy retaInS ItS 

germmatlOn capaCIty well (Navarro et al 1996), to the best of our knowledge the rates of 

decrease m germmatlOn of paddy at mtermedlate MCs have not been documented Although 

such gram IS not destmed for seed, the germInatIOn mdex IS of value In that It mfluences the 

potentIal of the gram for subsequent storage The low levels of germmatlOn obtamed for the 

first conSIgnment of paddy receIved m Israel, served as a warmng that thIS was poor quahty 

ram-damaged gram that reqUIred the expenments to be repeated m the second year 
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Results of germinatIOn of the good qualIty paddy and wheat durmg gas-tIght sealed 

storage are gl ven In FIg 5 

FIg 5 Effect of 4 month exposure under gas-tIght seal at three temperatures on the 

germmatIOn of paddy (dt 14 and 18% MC), and 6 months exposure on the germmatIOn of 

wheat (at 14 and 17% MC) 

Paddy wheat 
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From the FIgure It IS clear that for both wheat and paddy there IS a negatIve 

correlatIOn between both MC and temperature, and germInatIOn For paddy, at 18% MC and 

35°C, germInatIOn fell to zero wIthm one month, whereas at 14% MC and 25°C It was stIll 

hIgh after 3 months IntermedIate MCs and temperatures (not shown In the fIgure) gave a 

graded decrease In seed viability For wheat the capacity to retaIn germmatIOn was slIghtly 

greater and for 17%MC wheat at 25°C, about 40% germmation was retamed after 4 months 

5 2 Laboratory studIes on factors affectmg paddy conservatIOn under gas-tight 
conditions (PhIlIppmes) 

Studies 10 the PhIlIppInes were devoted to evaluat10g the mfluence of hermetic 

storage on the qualIty conservatIOn of paddy at dIfferent water actIVIties Poor qualIty paddy 

was used InItIally (not detaIled In thIS report), followed by good qualIty paddy as In the 

IsraelI trIals, and the same methodology for adJust10g the paddy to dIfferent MCs was 

employed 

5 2 1 Methodology 
For the good qualIty paddy expenment, two trIals were conducted The fust was 

undertaken for four weeks (Jan to Feb 1997), while the second trIal was contmued for SIX 
months (October 1997 to Apnl 1998) The longer storage durattons of the second tnal was 

to test the limIts of the system In protectIng mOIst paddy from qualIty detenoratIOn 

6 months 
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Experzmental stock and set-uo The same five MC levels were used as m Israel In addItIon, 

qualIty evaluations were earned out after fIve storage penods, namely 0, 1,2, 3,4 weeks for 

the fIrst tnal and seven storage pen ods, namely 0, 1, 2, 3, 4, 5, 6 months for the second tnal 

The entire expenment was undertaken at ambIent condItIOns 

A standard expenmental procedure (not descnbed here) was used to achIeve homogeneIty of 

test matenal and to condition the paddy to the dIfferent MCs The condItIOned paddy at the 

target MCs vv as placed separately In 3 SL glass Jars wIth screw on metal lId and gasket seal 

To enable gas samplIng, a hole was dnlled m the lId and fItted wIth a plastIC hose Each Jar 

contaIned 1 5 kg of paddy In addItIon, one part of the paddy at 14% MC was kept m Jars 

covered with filter paper, to serve as control under aerobIc condItIOns There were three 

replIcates for each treatment Codes given In the fIgures are as follows 

Treatments 

Unsealed control 

Sealed control 

Treatment 1 

Treatment 2 
Treatment 3 

Treatment 4 

Code 

UCMC14 

SC MCl4 

MC 15 
MC 16 

MC 17 
MC 18 

ImtIaI condItIons 

14% MC not sealed but wIth filter paper 

cover 
14% MC sealed 

15% MC sealed 
16% MC sealed 
17% MC sealed 

18% MC sealed 

Parameters measured The phYSIcal parameters measured were CO2 and 02 concentratIOns, 

ambIent temperature and relative humIdIty, MC and aw The effects of hermetIC storage on 

the qualIty of stored paddy were assessed usmg the followmg parameters WIth analYSIS of 

samples that were taken at the start, and at the end of each storage penod 

1 % yellow kernels 

2 Mmolta b* value 

3 % mIllIng recovery 

4 % headnce recovery 

5 Mlcrofloral load 

6 Sensory evaluatIOn 

For brevIty, detaIls of the methodology used m analYSIS of the fIrst fIve parameters 

mentIOned above, are not mcluded here, but WIll be detatled In future publIcatIOns 

Prof M Del Mundo, and Angelma Felix of the InstItute of Human NutntIOn and 

Food, UnIVerSIty of the Phllippmes, Los Banos Laguna conducted the sensory evaluatIOn 

ThIS conSIsted of an evaluatIOn of the cookIng and eatmg qualitIes of the nee mIlled from all 

the paddy samples taken at the end of each treatment The ObjectIve was to relate MC and 

storage duratIon to cookIng and sensory qualItIes of the correspondmg cooked mIlled nce 

Two kg freshly mIlled nce samples from each treatment were sent to UPLB after every 

samplIng penod 

Cookmg tnals to measure optImum cookmg water and other parameters were 
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conducted wIthIn the same day that the samples were received Sensory evaluatIOns 

emplOYIng the same consumer panel (n=50) were conducted the folloWIng day Cookmg and 

sensory assessments were conducted folloWIng the procedure of Del Mundo (199 I) 

VanatIOn In terms of the cookmg parameters (% heIght Increase and cookmg hme), 

% acceptabIlity and preference scores were obtaIned across MC's for the dIfferent storage 

perIods Cooked sen~ory qualitIes such as flavor, tenderness, coheSiveness and gloss were 
compared among the expenmental samples 

5 2 2 Results and DISCUSSion 

I) PhYSIcal parameters 

Carbon dzoxzde and Dngen concentratIOn Rates of 02 depletion and CO2 buIld-up withm 

the sealed Jars were very SImIlar to those recorded by the IsraelI partners and are not detaIled 

here One aspect of the gas momtonng was to venfy that the hermetIC seal had not been 

broken so that samples for qualIty analYSIS truly reflected the target condItIons 

Ambzent temperature and relative humzdzty Average ambient temperature and relatIve 

humidity recorded dunng the first laboratory tnal were 28 rc (23 3 to 37 I°C) and 57 5 % 

RH (45 5 to 69 3% RH), respectively Dunng the second laboratory tnal, the average 

ambIent temperature and relative humidity recorded were 298°C (24 4 to 37 9°C) and 56 9% 

RH, (30 1 to 74 2% RH) respectively 

MOlsture Content and water actlvzty The paddy received from procurement and pnor to 

condltionmg for the fIrst and second tnals had average MCs of 11 4% and 11 0% and 

germmatIOn rates of 84% and 96%, respectively 

The average MCs and water actiVIties of the different paddy treatments for both tnals 

at the start of the expenments, are gIven In Table 1 Mmor changes III MC were observed at 

vanous storage Intervals throughout the duratIOn of both trIals m all treatments under 

hermetIC storage The MC of the untreated controls for both trIals tended to decrease ThiS 

decrease m MC was antICIpated because of the low ambient relative humidity, whIch 

trIggered the drYIng effect On the other hand, the paddy In sealed Jars mamfested slIght 

Increments m MC thiS additlonal water bemg the product of respIratIOn 

Table 1 Average Initial MC and aw of paddy 

Tnal I TnalII 

Treatments MC aw MC aw 
Unsealed C MC14 139% 079 141% 075 

Sealed C MC14 139% 079 141% 075 

MC15 151% 082 153% 080 

MCI6 159% 083 163% 085 

MCI7 169% 085 174% 088 

MCI8 180% 087 184% 091 
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II) Gram qualIty parameters 
Yellowtng and h* wlue Changes 10 percent yellow kernels, as vIsually assessed, are shown 

m Flg 6 Both thIS and the changes III yellowness as measured by the MInolta Chroma meter, 
mdIcate an mcreasmg tl end In gram yellowIng In all MC levels as storage progressed 

Levels of yellowmg 10 all treatments were stIll acceptable and under the 2% maXImum 

yellOWIng lImIt set for Glade 1 milled nce by the NatIOnal Food Authonty (NFA) standards, 

except for paddy at 17% and 18% MC WhICh were downgraded to Grade 2 (>2-4% 

maxImum yellows) after 4 months storage at 17% MC and 5 months storage at 18% 
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FIg 6 Changes 10 levels of yellow kernels In hermetIcally stored paddy at dIfferent MCs 

under laboratory condItIOns 

Mllltng and headnce reco"eo It was noted that nght from the start of the expenment, the 

mlllmg and headnce recovenes were low ThIS condItIOn could be brought about by gram 

condItIOnIng WhICh mcludes re-wettmg and storage at very low temperature (2 ± l OC) ThIS 

process probably caused mOIsture stress leadIng to kernel fIssunng and breakage 

Mlcrofloralload The dommant fungal specIes observed from the samples pnor to storage 

were Asperglllus flavu ~ and Fusanum oxysporum Other specIes observed but at low 

lncidence were AspeJ glllus fumlgatus, Eurotlum amstelodaml, Fusanum poae and 

Syncephalastrum racemosum Fungal specIes such as Eurotlum chevaberz and Fusarzum 

semltectum were also Isolated dunng the mtermedlate samplIng perIods 

The average mItIal total percent InfectIOn In the vanous treatments ranged from 21 % 

to 26% After 28 days of storage changes 10 total percent InfectIOn vaned WIth Me levels 

Average total percent mfectlOn 10 paddy at the lower MCs (UCMC14, TCMC14, MC15, 

MC16) mcreased whereas for paddy at 17% and 18%MC they decreased to 18% and 13%, 

respectIvely 

The paddy samples condItIOned to 17 and 18% MC were observed to have hIgh 

mitIal mfectlOns of A jlavus (90 - 100%) and F oxysporum (96 7 - 100%) whereas, paddy 

condItIOned at 14, 15 and 16% were also found mfected by A flavus (10 -70%), A 

fumlgatus (0 - 167%), E amstelodaml (0 - 67%) F poae (0 - 67%), F oxysporum (0-
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60%) and S racemosum (0 - 33%) 

At the end of the tnal, fungal 1OfectlOn In sealed paddy samples at 17 - 18% Me 

were slgmflcantly reduced Percent fungal InfectIOn wIth A flavus was reduced to 3 3 - 30% 

and with F oxysporum to 0% Fungal InfectIOn 10 the sealed paddy samples at 14, 15 and 

16% Me dId not slgOlfIcantly change, perhaps because the 02 remamed at shghtly hIgher 

levels dunng storage penod 

Results of the microbial analysIs In the second laboratory tnal ( 6 month duratIOn) 

showed that mltIally, mne fungal speCIes were found mfectIng the paddy, the most common 

speCIes at all Me levels bemg A flavus, E chevahen, E amstelodaml, Mucor clrcmeliOldes 
and F oxysporum Other less frequent fungI were Aspergzllus mger, A fumzgatus, 

Curvulana lunata and Neosatorya ftschen Dunng the fIrst three months, Eurotlum specIes 

and N Jlscherz were noted to be mfectmg paddy at lower Mes (14%-16%) WhIle A oryzae 

and Pemclllzum CltIeonzgrum prevaIled m paddy at 15%-18% MC For the 4th and 5th 

months, Aspergtllus ochraceous was prevalent m paddy at 15%-17% Me, whIle E 

amstelodaml and E chevahen remamed mfectmg paddy at the lower Mes (14% and 15%) 

It was shown that A Jlavus was present at alI Mes throughout the storage tIme 

However, after 6 months, growth of Eurotlum sp and N fischen were supplessed Non 

suppressIOn of Byssochalmys mvea and Pemcllllum was observed at 18% Me, Implymg that 

the modifIed atmosphere obtamed by hermetIc storage dId not affect these speCIes 

Bactenal populatIons rose sharply after a month of storage m paddy held at 18% 

MC, whIle In the paddy at 17% MC thiS occurred after 2 months of holdmg As a result, a 

strong foul odor developed m these grams 

Sensory evaluatwn (ThiS sectIOn IS part of a full, detailed report proVIded by Prof del 

Mundo and Ms Fehx, In 1998, see AppendIx 2 Results of the prelImmary tnal usmg ram 

damaged paddy IS not 10cluded here) 

In the tnal usmg good qualIty paddy, correlatIOn analYSIS disclosed no sIgmficant 

dIfferences m terms of cook1Og tIme across MCs and storage duratIOns Cooked nce aroma, 

taste, tenderness coheSIveness, color and gloss were negatIvely correlated WIth Me and 

storage duratIOn of stored paddy The~e charactenstics became 1Ofenor at hIgher Me level 

and longer storage perIod Among these attnbutes, aroma and flavor had the strongest 

negative correlatIOn WIth MC and storage duratIOn The poor acceptabIlIty and preference 

for cooked milled nce samples from paddy stored at 16% to 18% Me was pnmartly dIctated 

by the presence of fermented smell m these samples In the raw form, wholeness of grams 

and color were found to have a sIgmfIcant negatIve correlatIOn WIth Me and storage 

duratIon Milled nce samples from paddy stored at lower Mes had whiter shade of color and 

a higher proportIOn of whole grams compared to mIlled nce samples from paddy stored at 
higher Mes As the lengths of paddy storage mcreased and at the hIgher Mes, color of the 

nce tended towards a creamy to graYIsh shade and broken grams became more eVIdent 
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5 3 PIlot scale studIes on factors affectmg gram conservation under gas-tight conditions 
5 3 1 PermeabIlity of lIners to gases 

Several plastic liner materIals were espeCially developed for the project by 
Haogenplast They were analyzed for permeabIlity to oxygen and carbon dIOXIde On the 

basIs of these tests the most SUitable matenal was chosen and a 15 m3 storage structure was 

fabncated from the matelial 

The gas-tight seal of the structure was tested by mfiatton and measurement of 

pressure decay ThiS gave extremely good results PermeabIlIty parameters of thIS storage 

cube were then examined under field condItIons by InflatIOn wIth carbon dIOXIde when 

loaded wIth dry wheat and then applyIng negatIve pressure for measurement of rate of 

pressure decay These results may be compared with those of a 15m3 Vo1cam cube used for 

dry gram storage (fig 7) 
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Pressure decay tests carned out on a standard Volcam cube and a lammated cube for 

evaluatIOn of permeabIlIty mdices 

50 

5 3 2 Field trial with mOistened wheat 

The structure was then loaded wIth app 10 tons of bagged wheat, after the top layer 

of bags had been mOistened CalculatIons were made (based on the wheat respuatIOn rates 

obtamed m the laboratory) to determme the amount of wheat reqUIred to be mOistened m 

order to obtam rapId reductIon III 0 levels as a SImulatIOn of condItions In the PhilIppmes 
2 

The reqUIred amount of wheat In the upper layer of bags was subsequently mOistened to 

approxImately 18% MC and the liner sealed to test whether oxygen concentratIons could be 

rapIdly reduced to less than 1 % Although the tnal was InItIated under WInter condItIons 

With low ambient temperatures the result<, confirmed that mtermedIate MC gram IS capable 
of rapIdly reducmg O

2 
concentratIOns under fIeld condItIons, (see also Section 5 5 2 1) 

ThiS tnal stimulated the speculatIOn that If all the gram had been mOIstened to 18% 

MC the oxygen depletion would have been so rapId as to enable the normal PVC based 

VolcanI cube to be used for the same purpose If thiS were true It would be extremely 



15 

advantageous because of the large pnce dIfferentIal between the two structures It was 

decIded on the basIs of thIS tnal to try to compare the "Improved" and normal cube for the 
fIeld trIals m the PhIllppmes 

54 Reflective covers (Israel and Phlhppmes) 

541 IntroductIon One SIgnIfIcant fmdIng of the prevIOUS CDR project (Navarro et al 

1996), was that under PhilIppme condItIOns, for dry gram stored In cubes outdoors WIth no 

shade, the dIUrnal temperature fluctuatIOns of the ambIent created temperature gradIents 
withm the cubes that caused convectIOn currents to carry mOisture to the top of the graIn 

stack To overcome thIS an uppel InsulatIng layer of bags contaInIng nce hulls was 

advocated ThIS method effectIvely solved the problem but also suffered from several 

Inherent dIsadvantage., namely reductIOn In effectIve storage capaCIty of the cube, 

necessity to procure and transport the husks and fIll the bags, and the added expense of bags 

not used for storIng gram Under PhllIppme condltIOn~ thIS method enables safe storage for 

perIods of up to three months For more extended tIme perIods the wet top layer of husks 

should be replaced WIth dry husks 

In thIS project It was enVIsaged flOm the outset that when mtermedlate MC gram IS 

stored outdoors In the fleld thIS phenomenon would also occur and would probably be even 
more acute 

In a search to fmd an alternatIve mexpenslve and convenIent method of msulatIng 

the stack from dIUrnal tl..,mperature fluctuatIOns, the use of a knItted shade cloth as a thermal 

screen and formed from alummIUm coated hIgh denSIty polyethylene threads named 

"Polysac - Alummet" was InvestIgated 

InItial tnals In Israel were carned out durIng October-December of 1996, followed 

by further tnals both In [srael and the PhIlIppmes dUrIng the summers of 1997 and 1998 

5 4 2 Methodology and Results (Israel) 

A detaIled descl1ptIOn of these trIals wIll be proVIded m a paper presented at the 

upcomIng 19th ASEAN Semmar on Postharvest Technology to be held In Ho ChI MIn CIty 

VIetnam m November 1999, (see appendIX 3) A bnef summary IS as follows 

Several types of woven matenal were tested The InItIal tnal In Israel was dIrected at 

companng the day-tIme temperature gradIents at the top of storage cubes, between 

unprotected and protected segments of the cube Two denSItIes of materIal were compared 

and the Insulatmg effect of the two types was exammed both when the cover was spread 

dIrectly over the top of the lmer and also when It was separated from the lIner by a dIstance 

of 10 cm USIng spacer.., Results of thIS tnal were mconcluslve though they mdIcated a 

decrease In temperatLlle gradIent when protected by the cover Therefore a follow-up was 

done In whIch temperature measurements were recorded USIng data-loggers speCIally 

purchased to enable temperature gradIents to be mOnItored at nIght-tIme, when condensatIOn 

problems are more acute However, m thIS case, where entire covers were used usmg a 7-

days on and 7-days of1 regIme the problem of fIxmg the cover above the cube became 

eVIdent To solve the plOblem the edges of the cover (separated from the cube by spacers) 

were attached to cords that were drawn down and tIed to the tenSIOn straps around the cube 
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However, m thIS way the sIdes of the space above the cube were sealed by the cover We 

belIeve that although there was a small reductIon m temperature gradIents, the absence of 

thIS gap between the top surface of the cube and around the borders of the stretched cover 

may have resulted m trappmg the heat between the cover and lmer ThIS prevented free aIr 

movement above the lmer dunng the daytIme, and may also have had a negatIve effect on 

reducmg mghttime temperature gradIents The fmal tnal m Israel was desIgned to overcome 
thIS problem (FIg 8 c) 

: fl¥*I _ 

FIg 8 ReflectIve covers showmg a) cover clamped over cube wIth spacers (PhilIppmes), b) 

cover suspended above cube (PhIlIppmes), c) cover raIsed above cube wIth spacers (Israel) 

In thIS tnal the reflectIve cover was stretched over the top of the cube usmg 20cm 

spacers, and care was taken to ensure that the cover was not brought down at the penphery, 

but remamed wIth a gap to permIt free aIr movement beneath the cover The cover was 

removed and replaced at weekly mtervals so that three alternatmg senes of recordmgs were 

obtamed A summary of the amassed data IS provIded m Table 2 

The Table clearly shows the attenuatIOn m dally temperature fluctuatIons caused by 

the reflectIve cover Over the course of the tnal, the average dally temperature above the 

lmer was about 7 degrees lower, WIth the cover m place, than WIthout It and thIS was 

partIcularly eVident durmg the day-tIme (hours of sunlIght) when there was a 10 to 15 

degree temperature dIfference 



17 

Table 2 Average weekly temperatures and temperature gradients recorded with and 

without a letlectlve covel placed above a 10 ton capacity storage cube at Bet Dagan 

Israel (28th March to 10th June 1998) 

a) Weekly averaacs of '4 hour rt.,-ordmas b - b 

Week !reflectne aboH~ 'below Imer 10cm Ambient Temp Temp Temp 
(1998) 'cover 11.!.!:,er _ temp Igrarnent leradlent I gradient 

i , tA) I (B) (C) (A-B) (A-C) (B-C) 

Average IWlth I 227 I 223 21 7 21 6 04 1 1 06 

D9 

, 

Average IWIthout I 261 239 226 24 46 22 

b)W kl ee y day tlnK d\ Lragt.;, ot ~unhght hOUl~ (9am to 6pm) 

Week I reflective abo\e Ibelow lmer 10em Ambient Temp Temp Temp , 
(1998) Icover hnel , Temp I gradIent leradient gradient , 

, 
I (A) I (B) (C) (A-B) (A-C) (B-C) , 

Average iWIth I 292 I 27 I 21 1 263 2 1 8 1 60 

Average 
I 
IWlthout I 4' 5 I 358 233 267 78 203 125 

c )W kl ee h 7 y mg t tlIne 'I've! \~t.~ ( rpm to 8am) 

Week Irefledlve 'lbO\e below hner 10cm Ambient Temp Temp Temp 

(1998) ieoH'1 Imer Temp gradient I gradient grarneDt 
-

I 
( \) (B) (C) (A-B) (A C) (B-C) 

Average WIlh I III ! 189 220 183 -0 8 -3 9 32 

Average Without ~3 195 243 196 I 2 -60 -48 

The data obt<1ll1ed ll1dlc.lle thdt thele IS a contInUOUS rhythm of convectIOn currents due to 

temperature gr.ldlent'S 'v\ hen dunng the mght mOIsture IS transported to the surface layers 

and dunng the day-tllnc the surface layers lose mOIsture as they heat up Under Israeh 

clImatIc conditIOns we .,howed (Navarro et al , 1996) that throughout the year there IS no 

marked net-mOl<;ture tIal1sfer to the surface m the storage cubes, and no specIal precautIons 

need be taken However prevIous trIals carrIed out m the Phlhppmes showed that there was 

a contmuou,> plOces'> ot mOisture transfel to the surface due to the fact that the net 

mOIstenmg ettect <It nIght w 1'> greater than the net drying effect dunng the day Therefore It 

was eVident that It thl.., retlectlve Imer 1<; to meet the reqUIrements for the storage of dry 

gram (as a leplacement tor the lO<;ulatmg top layer of agrIcultural wastes as a reqUisIte In the 

present ~toragc method) or fOl ~torage of mtermedlate mOIsture-content gram under tropIcal 

condItIOns field tll,11,> hid to be undeitaken In the PhIhppmes includIng an exammatIOn of 

graIn ffiOlstme content .It the top smface after storage 

543 Methodology dud Results (Phllippmes) 

The fust two tll.11s In thl.. PhIllppmes also levealed the attenuatmg mfluence on temperature 

gradIents due to the reflective covers when properly pOSItIOned and these results are not 

reported here Thl~ '>llmmal y IS confIned to the thIrd tnal SInce It Incorporated an 

eXamInatIOn of Me,> 1t the top of the stacks at the begmnIng and end of storage (see also 

SectIon 5 5 ) Thl<; tll<11 WJ'> c.lrned out In conjUnctIOn WIth a fIeld tnal for storage of mOIst 

paddy USing the 10\\ PCI meabllIty cube (6 months) and the standard cube (3 months) to 
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evaluate qualIty An addItIOnal cube contammg dry paddy at 14% MC, (5 months) was set 

up under a reflectrve cover but was not momtored for temperature gradIents 

In thIs tnal a smgle layer reflectIve cover was erected over both cubes usmg a senes of poles 

and guy ropes to create .l tent shaped cover that also partlally protected the sIdes (FIg 8b) 

Temperatures were logged hourly on a 24 h baSIS above the lmers, below the lmers, 10 cm 

wIthm the upper gram layer, and m the central core of the stacks, thus permlttmg an 

evaluation to be made on the effect of the covers on temperature gradIents dUrIng the mght
tIme hours 

CalculatIOns based on temperatme read-outs show that If 18% MC paddy has an eqmvalent 

EMH of 92% RH the water content of the atr at 10 cm depth, would be about 25 I g/m3 at 

27 6°C If thIS aIr nses due to the mght-tIme temperature gradIent and cools at the surface 
below the lmer to 25 C then at 100% RH It would contam 23 Ig/m3 Namely there would be 

a condensatIOn of 1 8 gm for every CUbIC meter of atr reachmg the upper surface However, 

thIS represents the worst-possIble-scenano Although the calculatIOns show that for most of 

the nIght duratIOn, aIr at 92% RH (=18% gram EMC) would become saturated when m 

contact with the upper plastIc lmer, the very small temperature gradIent would produce only 

feeble convectIOn currents In order to evaluate the net effect of mOIstenmg of the surface 

layer at mght-tIme and drymg durmg the day-tIme, the MCs at the top of the stack were 

exammed after 3 and 6 months These fmdmgs are gIVen m Tables 3 and 4 A full report of 

thIS tnalls gIven elsewhere 

Three months storage From Table 3 It can be seen that after 3 months, mOIsture mIgratIOn 

had caused an mcrease of 4% MC m the top layer and 2% MC m the second layer Smce 

MCs above 18% (EMH = 92%) enable the development of yeasts and bactena that cause 

rottmg and the development of unpleasant odors, the organoleptIc charactenstics of the 

paddy were also senously affected (see fIeld tnal report by Prof del Mundo AppendIX 3) 

Table 3 Average mOIsture contents of mtermedlate mOIsture content paddy hermetIcally 

stored m a Volcam cube for 3 months 

POSition Three Begmmng 3 months CompOSIte sample Average 

composite from all bags m 3 readmgs 

samples each layer of stack 

Average 6 22-Nov-98 23-Feb-99 23-Feb-99 
readmgs 

Top (1) I 180 193 I (top) 220 

2 179 198 2 204 

3 180 201 3 180 

4 180 

1 180 172 5 183 

MIddle (4) 2 180 173 6 183 

3 182 175 7 (bottom) 180 



19 

Table 4 Average mOIsture contents of IntermedIate mOIsture content paddy hermetIcally 

stored m a Volcam cube for 6 months In the PhIlIppmes 

PosItIon Three Begmnmg 6 months ComposIte sample Average 

Composite from all bags m 3 readmgs 
samples each layer of stack 

Average 22-Nov-98 21-May 99 21 May-99 

6 readmgs 

Top (1) 1 183 248 1 (top) 285 

2 175 286 2 210 

3 176 214 3 182 

4 177 

1 180 183 5 170 

Middle (4) 2 179 186 6 170 

3 176 184 7 (bottom) 167 

SlX months storage Table 4 shows that convectIOn currents caused an even greater mcrease 

m MC of the upper layers for the 6 month storage penod However, here agam the 

accumulatIOn of mOIsture was only noted m the top two layers The acceptabIlIty parameters 

(very strong fermented odors) of the nee mIlled from thIS paddy were so low that analysIs of 

the cooked nee was not deemed necessary (see del Mundo Report AppendIX 3) 

Dry gram storage ThIS cube was only protected by the reflectIve cover, whIle the normally 

employed protectIve upper layer of bags contammg nee husks was not used At the end of 

the 5 month storage penod, the stack wa~ opened and exammed, and although no detaIled 

exammatIOn of mOIsture contents by stack layer was undertaken, the spot tests at the top of 

the cube revealed that no perceptIble mcrease m mOIsture contents had occurred and the 

gram was dry throughout the stack 

5 5 FIeld Trials - Phdlppmes 
5 5 1 Materials and methods 

Two outdoor tnals were earned out at the BPRE, CLSU Compound, Mufioz, Nueva 

EClja, both to test the fleXIble lmer as an alternatIve storage system for preservmg wet gram 

qualIty under FIlIpmo condItIOns, and to determme the effect of reflectIve covers m reducmg 

temperature fluctuatlOns as reported In SectIOn 5 4 Table 5 summanzes the InItIal fIeld tnal 

parameters 

Expenmental stocks In the fIrst tnal, the paddy used was freshly harvested IR-64 varIety 

certIfIed seed from a smgle farm lot The MC ranged from 206 % to 21 3% A day after 

receIpt, the stock was sun dned to 17 0 to 18 3%MC The followmg day, two hundred and 

SIX bags were stacked m the Volcam Cube 
In the second tnal fIve hundred bags of freshly harvested IR-64 varIety certIfIed 

seeds were purchased The MC of the stock at procurement was 220% to 240%, and after 

mechamcal drymg ranged from 178% to 184% 
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Table 5 List of fIeld tnals carned out to determme the storablhty of mtermedlate mOIsture 

paddy m hermetic storage In the Phllippmes clImate condItions 

icleld Stack Storage structure Treatment No oj CapacIty Imtlal MC Duration 

~nal# Code GastJght Control Bags (tonnes) Range (%) (days) 

I SI Lalllinated Volcam cube X 206 764 170 183 30 

I S2 Ordinary tarpauhn X 20 088 136 145 30 

I S3 Ordinary tarpauhn X 20 074 170-183 30 

II S4 Volcam cube X 184 987 178 184 93 

II S5 Laminated Volcam cube X 180 983 178-184 180 

II S6 Ordinary tarpaulm X 20 096 178-184 180* 

II S7 Ordmary tarpaulm X 20 095 13 8 - 144 180'" 

* samples were taken on the 93rd day of storage at the top and along the penphery of the stack to serve as 

control for S4 

PreparatIOn of storage sUe and constructwn of stacks ThiS was carned out accordmg to 

standard procedure developed earlIer (see Navarro et al, 1996) The expenmental paddy 

was bagged In 50-kg polypropylene sacks For the fIrst fIeld tnal, the paddy was stacked m a 
15m3 lammated VolcanI cube taIlored from heavy-duty sheetmg, UV-protected, of food

grade quahty sImIlar to the one pre-tested m Israel (S1) The lammated VolcanI cube was 

further covered wIth a reflectIve awnIng (Fig 8) In addition, two control stacks of 14% Me 

coded as S2 and 18% Me coded as S3 were plIed on wooden pallets and covered wIth 

ordInary whIte tarpauhn sheets only 

For the second tnal, a non-lamInated (coded S4) and a lamInated (coded S5) VolcanI 

cube were used to store paddy at 17-18% Me Two stacks of 18%MC (S6), and 14%MC 

(S7) served as controls All the VolcanI cubes whether lammated or not were covered wIth 

reflective awnmgs, whereas the control stack" were covered only wIth tarpaulms 
Temperature and gas concentratwn momtormg SIX thermocouple cables and two plastIc 

tubes were mstalled at dIfferent locatIons InSIde the cubes to mOnItor gram temperatures and 

gas concentratIOns, respectIvely Changes In CO2 and O2 concentratIOns were measured daIly 

usmg a GOW-MAC gas analyzer and a DaVId BIShop OxyChek 2, Oxygen meter 

respect! vel y 

Samplzng and parameters InitIal samples were collected durmg the bUIldIng of the stacks 

and fmal samples were collected and analyzed to determIne changes m the qualIty of stored 

paddy The follOWIng phYSIcal and qualIty parameters were recorded 

1 %MCand~ 
2 % yellow kernels and Mmolta b* values 

3 % mIllmg recovery and % head-nee recovery 

4 Insect Infestation 

5 Mlcrofloral load 
6 Sensory evaluatIOn (for cooked and uncooked mIlled nce) 

The Mes of the paddy samples were mOnItored usmg a DIckey John MultI-Gram Tester 

The <lw were measured usmg a Novasma MS 1 Defensor Percent yellow kernels were 



21 

detenmned from the ratIO of vIsually yellow kernels and the weIght of mIlled nee The 

Mmolta b* value was measured wIth a Mmolta Chroma Meter CR-110 For the assessment 

of mIllmg recovery, wet paddy samples were dned first usmg the EUROTHERM 

Laboratory MechanIcal Dryer and then mIlled usmg a Satake Gram Testmg MIll 

The sensory evaluatIOns of the fIeld trIals were conducted as m the laboratory 

evaluatIOns by Prof del Mundo and Ms FelIx, of UPLB (see AppendIx 3) The evaluatIOns 

were dIvIded mto two "actIvIties" 

ActIVIty 1 A comparatIve analYSIS of cookmg and sensory qualItIes of cooked and 

uncooked milled nce from wet paddy (18% MC) before storage and at the end of storage In 

the VolcanI cubes «(S4, after 3 months and S5 after 6 months), and from control stacks 

under tarpaulms (S6, S7) at mltIal MCs of 14 and 18% respectIvely ComposIte samples 

were obtamed from the mIddle (4th
) layer of the VolcanI cube stacks whIle for the controls, 

the samples were randomly obtamed from the dIfferent SIdes of each of the stacks at the two 

samplmg penods The nce samples were mIlled at BPRE as descnbed above and 2kg mIlled 

nce from each 3 kg paddy sample were then dIspatched to UPLB 

ActIVIty 2 An evaluatIOn after three months (S4) and 6 months (S5) taken from the 

vanous stack levelsllayers of the Volcam cubes 10 order to dIfferentIate between layers usmg 

the same qualIty mdIces as m actIvIty 1 In thIS case, composIte samples from each layer 

were taken and dned down to 14% MC before mIllmg The topmost layer for both stacks 

was numbered as levelland the bottom layer as level 7 
All samples from both actIVItIes were assessed m terms of cookmg parameters and 

all samples of uncooked mIlled nee underwent sensory evaluatIOn For the cooked mIlled 

nee, only samples from three months storage were subjected to sensory evaluatIOn The 

strong unacceptable fem1ented odor dunng the determmatlOn of the cookmg parameters of 

the samples from the SIX months storage stack led to the suspensIOn of theIr sensory 

evaluatIon 

Cookmg and sensory assessments were conducted accordmg to the procedure of Del 

Mundo (1991) Optimum cookmg water was establIshed for each sample Cookmg 

parameters mcluded % heIght mcrease and cookmg tIme Sensory qualItIes evaluated for the 

raw mIlled nee were % acceptabIlIty, preference score, aroma, color, gloss, wholeness of 

grams, bnttleness of grams, and gram translucency For the mIlled cooked nce, evaluatIons 

were for % acceptabIlIty, preference score, aroma, flavor, tenderness, coheSIveness, color 

and gloss 

5 5 2 Results and dISCUSSion 

5 5 2 1 PhYSical parameters 
Carbon dwxlde and oxygen concentratlOn Dunng the fIrst fIeld tnal, the O2 level In the 

lammated Volcam cube SI decreased to less than 1 % two days after seahng ThIS level was 

retamed untIl the stack was opened on the 30th day MeanwhIle the CO2 concentratIon 

reached a maXImum of 26% after nme days 

For the second field tnal, O2 concentratIOns m the two sealed stacks also decreased to 

less than 1 % two days after seahng and thIS was retamed until the cubes were opened for 
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samplmg (After stack 54 was opened for Me samplIng after 30 days, the O2 level returned 

to less than 1 % 3 days after sealIng) MeanwhIle, the hIghest CO2 concentratIOns of 29% 
(54) and 31 % (55 - see FIg 9) were attamed after 71 and 48 days, respectively These 
fIndIngs clearly show that for paddy at 18%MC, the standard Volcam cube also 
enables paddy respIratIOn to reduce and mamtam O2 concentratIons to below 1 % 

withIn 48 hours 
35.---------------------------------------------------. 
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FIg 9 Gas concentratIOns wlthm the sealed lammated cube (55) dunng 6 months of storage 

Temperature Gram temperatures recorded dunng the fIeld tnals revealed no IndIcatIOn of 

self heatmg ObservatIOns also showed that durIng day-tIme, temperatures above and below 

the lmer were consIstently lower than that of the ambIent, thIS bemg attrIbuted to protectIve 

effect of the reflectIve cover by aVOIdmg sorption of solar energy dUrIng the day 

MOisture content 

TrIal 1 The average Me In the lammated cube S 1 had mcreased from 16 9% to 17 5% at 
the end of 31 days ThIS we attnbuted mamly to gram respIration Also, there was eVIdence 

of mOIsture mIgratIOn where 16 bags at the topmost layer of the stack were VISibly wet and 

MC had mcreased to 185% In contrast, the average MC of the control stack. 52 decreased 

from 13 9 to 11 5% whIle that of 53 decreased from 16 7% to 13 4% after 31 days (These 

reductIOns In MC may be attnbuted to the low ambient RH prevaIlmg durmg the tnal and 

the small SIze of the control stacks at 20 bags each, that faCIlItated natural ventIlatIOn The 

large surface area to volume ratIO of the small stack may also have faCIlItated thIS dryIng 
phenomenon) 

TrIal 2 
Imtial MCs of the stacks are gIven In Table 5 When the Volcam cube S4 was 

opened after 93 days, clear eVIdence of condensed mOIsture was observed On the average, 

the MC at the top layer had Increased by 1 7% The four faces of the stack (N, W, S, E) 

mdIcated SIgns of mOIsture mIgratIon and mOIsture condensatIon However, the MC at the 

mIddle layer of the stack had decreased by an average of 0 8% Agam, the average MC of 
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the control stacks S6 and S7 had decreased to 11 8% and 11 0%, respectIvely after 93 days, 

though, germ mated seeds were observed m S6 m almost all the bags despIte the eventual 

reductIon m Me, (thIs probably resultmg from strong condensatIOn beneath the tarps) 

After 6 months of sealed storage, the lammated Volcam cube S5 Incurred heavy 

mOIsture condensatIOn whIch damaged the top three layers and caused gram detenoratlOn 

The grains m the top layer Increased m Me by 7 1 % Darkened, rotten and foul-smelhng 

grams were found on the affected bags At the SIxth month samplmg, both control stacks S6 

and S7 encountered a further reductIOn m Me as an effect of natural drYing due to hIgh 

ambIent temperatures 

5 5 2 2 Gram qualIty parameters 

Yellowmg and b* value 

Trial 1 The average mItial yellow kernels of sealed stack S 1 and control stacks S2 and S3 

were 0 13%, 009% and 006%, respectIvely After 31 days of storage, yellow kernels In S 1 

sIgmfIcantly Increased to 0 66%, the hIghest level bemg at the dampened topmost layer 

WhICh Increased to 1 26% In the control stacks S2 and S3, the yellow kernels sIgmfIcantly 

Increased to 033% and 049%, respectIvely However, as In the lab expenments, the 
Increase In yellow kernel levels dId not exceed the 2% maXImum hmIt set by NFA for Grade 

1 mIlled nce In the same manner, the average b* value of S 1 Increased from 9 6 to 10 6 the 

hIghest beIng at the dampened topmost layer whIch was 11 2 In S2 the b* value at 9 7 dId 

not change, and In S3 It Increased from 9 7 to 10 2 

Trial 2 The same trend was observed for sealed stack S4 where the average yellow kernels 

Increased from 0 9% to 1 1 % and the b* value from 9 6 to 10 8 after 93 days of storage 

Dunng the same penod yellow kernels and b* value In control stack S6 Increased from 

09% to 65% and from 97 to 11 2, respectIvely, whIle In S7, yellow kernel and b* value 

Increased from 1 2% to 2 4% and from 9 5 to 10 2, respectIvely 

After 180 days of storage, sealed stack S5 was found to be heaVIly damaged WIth an 

Increased average yellow kernel and b* value from 1 2% to 25 3% and from 98 to14 3, 

respectIvely at the top layer of the pIle Yellow kernel and b* value also mcreased from 
1 0% to 144% and from 9 9 to 128, respectIvely at the mIddle layer of the pIle Yellowmg 

and b* value In S6 and S7 Increased further to 7 5% and 11 9 and 2 6 % and 11 2, 

respectIvely The observatIons m both tnals confIrm the laboratory fmdIngs (SectIOn 522) 

Mllhng and head-nee recovery 

Trial 1 The average mIlhng recovery of S 1 decreased from 65 1 % to 597% whIle the 

control stacks S2 and S3 decreased from 65 2% to 600% and 657% to 60 1 % respectIvely 

after 31 days of storage LIkeWIse, head-nee recovery of S 1 decreased from an inItIal 807% 

to 65 9%, 624% and 38 8% at the bottom, mIddle and top layers, respectIvely whIle S2 and 

S3 decreased from 797% and 80 6% to 69 1 % and 67 8%, respectIvely The marked 

decrease at the top layer of S 1 may be attnbuted to the Increase m Me as a result of 

convectIon currents to the surface and condensatIOn 
Trial 2 In contrast to tnal 1, the average mIllIng recovery of sealed stack S4 Increased from 
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65 0% to 66 4% after 93 days of storage durIng the second tnal, and the control stacks S6 

Increased from 64 7% to 67 3% and S7 from 66 1 % to 67 7% dunng the same penod ThIS 

may be attnbuted to bIOlogIcal agmg whIch usually occurs after 1-3 months of storage After 

180 days storage, the average mlllmg recovery of VolcanI cube S5 decreased from 65 6% to 

59 8%, whIle head-nce recovery decreased from 802% to 79 1 % In contrast, mIlImg and 

head-nce recovery of control stacks S6 and S7 mcreased to 65 6% and 90 2%, and 67 0% 

and 89 6%, respectIvely as a result of the dryIng phenomenon mentIOned prevIOusly 

Insect mfestatwn At the end of storage all control stacks m both tnals were mfested by the 

followmg speCles of stored product pests Rhyzopertha dommlca, Sltophzlus oryzae, 

Tnbollum castaneum and Cryptolestes sp AmbIent temperatures and relatIve humIdItIes 

durmg the two tnals favored development of these stored product Insects At the end of both 

tnals, the sealed stacks m the Volcam cubes revealed no InfestatIOn 

MtcrofZoralload 

Tnal! The InItIal total percent fungal InfectIOns In Volcam cube SI, and control stacks S2, 

and S3 were 12%, 12% and 10%, respectively After 30 days, fungal mfectIOn In SI 

decreased to 3% whIle the total percent fungal InfectIOn m S2 and S3 SIgnIfIcantly Increased 
to 15% and 20% respectively 

Tnal 2 In thiS tnal, the stocks of paddy were mItIally found to be mfected With Aspergtllus 

flavus, Curvulana lunata, Pemcllllum cttrtnum and Neosatorya fischen Overall, the fmal 

results mdlcated that after three months of gas-tight storage, the percentage occurrence of 

the above fungi had SignIfIcantly decreased whIle after 6 months storage, the atmosphere 

InSIde the cube was able to suppress totally the growth of A flavus, C lunata, P cltrmum 

and N fischen 

On the other hand, bactenal counts revealed a SIgnIficant Increase In the top layer of 

the paddy stored for 3 months VIsual observatIOn showed that mIcrobial growth was hIgh 

espeCIally In the penphenes and topmost layer of the bag ThIS was probably due to the 

Increase In mOIsture as eVIdenced by mOIsture mIgratIOn to the uppermost layer of the stack 

From the paddy stored for 6 months, It was noted that the population of bactena had 

SIgnIficantly decreased POSSibly the prolonged high CO2 concentratIOn was detnmental to 
the growth of bactena smce most food spoIlage organIsms appear to be senSItive to hIgh 

levels of CO2 (Pm and Hockmg, 1997) However, these fmdmgs dId not correspond WIth 

those of the laboratory tnals where bactenal counts were stIll hIgh after 6 months (see 

sectIOn 5 2 2) 

Sensory evaluatwn 

ActIVIty 1 Cookmg parameters InItIal samples from all stacks showed that the optimum 
nce to water ratIO was 1 1 25 (80 g mIlled nce to 100 ml water) ThIS ratIo dId not change 

dunng storage There was no sIgmficant dIfference III percent height Increase of the cooked 
nce (used to Indicate volume expanSIOn) among samples dunng each storage penod 

Percent heIght Increase ranged from 146 9% to 221 4% CookIng tIme ranged from 15 4 to 
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18 4 mInutes revealmg dn mSIgmfIcant IncreasIng trend In cookIng tIme as paddy storage 
was prolonged 

The cooked and uncooked qualIties of the nce samples at 14% and 18% MC taken 

mltIally from the control stacks under tarpaulms (S6, S7) and the 18% MC paddy from the 
sealed Volcani cubes (S4, S5), were SImIlar After three months of storage, the tenderne~s 

and cohesIveness of the cooked nce from the different set-ups remamed SImIlar There were 
also no SIgnificant dIfferences In uncooked mIlled nce qualItIes such as wholeness of grams, 

gram translucency and gram bnttleness across storage set-ups and duratIOn Samples taken 

from the VolcanI cube (S4) however had become mfenor In terms of the other 

charactenstIcs There was a decrease m the overall ratmg for cooked nce flavor, color and 
gloss from InItial tIme to thIrd month of paddy storage SImIlarly, the ratIng for uncooked 

mIlled nce color and gloss conSIstently declmed after three and SIX months for the paddy 

stored In the Volcam cubes 

The charactenstlcs most highly affected were aroma, percent acceptabilIty and 

preference scores of the cooked and uncooked mIlled nce samples 

After 3 months, aroma of the sample from the VolcanI cube (S4) was sIgmflcantly 

Infenor to the control <,amples (whIch had rapIdly dned due to ambIent ventIlatIOn as 

explamed pIevIOusly) Off odor, speCIfIcally a fermented smell was perceptIble In both the 

cooked and uncooked mIlled nce Aftel SIX months storage, the milled cooked nee of 

samples taken from the VolcanI cube (S5), were no longer presented for sensory evaluatIOn 

due to a hIghly dIstInct fermented smell recorded dunng the cookmg tnals 

AcceptabilIty a,> Judged by two sensory panels (one from UPLB and one from a 

farmIng commumty) gave a mean of 35% acceptabIlIty for the cooked nce, and 51 6% for 

the mIlled uncooked nee denved from <;amples taken from Volcani cube S4 after three 

months storage These percentages wele sIgmflcantly lower than the acceptabIhty of 

controls S6 and S7 The sample from S7 ongmally at 14%MC had a mean acceptabIlIty of 

95% In the cooked form and 91 7% when uncooked The sample from S6, ongInally at 

18%MC, had a mean acceptabIltty of 90 0% and 84 7% In cooked and uncooked forms, 

respectIvely After SIX months of storage, only three Judges from the panels mdIcated 

acceptabIhty for the raw sample of wet paddy stored In S5 

For Preference scores WhICh rank the chOIce levels, a posItIve number mdlcates 

generally-accepted, and a negatIve number mdIcates generally-rejected Samples S4 and S5 
from the cubes receIved a conSIstent negatIve score m the cooked form as opposed to the 

control samples S6 and S7 SImIlarly, there was a notable decrease In preference score of 

uncooked mIlled nce In S4 and S5 from the InitIal test to three months and to SIX months of 

storage Although samples from S6 and S7 were generally SImIlar In terms of the dIfferent 

cooked and uncooked nce quahtles, In terms of overall acceptabIlIty and preference scores, 

S7 (ongmally at 14%MC) was better than S6 (ongInalIy at 18%MC) after three and SIX 

months storage 
Scores for color, gloss, flavor, tenderness, coheSIveness, wholeness, bnttleness, 

and translucency of the samples were also made, but although of value m themselves, they 

are not presented here as they are subserVIent to the scores for acceptablhty and preference 
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ACtiVIty 2 (ComparatIve analysIs of the seven layers m the sealed VolcanI cubes S4 S5) 

Cookmg parameters Optimum cookIng water was the same for the seven samples dunng 

the two storage penods A nce to water latIO of 1 1 25 (80 g mIlled nce to 100 ml water) 

was establIshed for all samples at both 3 and 6 months storage Percent heIght Increase and 

cookmg tIme were SImIlar across samples dunng each storage peflod though a diminIshmg 

trend In heIght Increase and an IncreasIng trend m cookmg tIme were noted as storage was 

extended from three to SIX months 

A dIfference m acceptabIlIty scores was regIstered by the two groups of consumer 

panels partIcularly m terms of mIlled cooked nce quality The samples from all layers were 

rated as unacceptable by one panel (UPLB staff) wht1e the other panelIsts accepted the 
cooked nce from S4 eAcept those from the two topmost layers In the uncooked form, both 

sets of consumer panelIsts IndIcated acceptabIlIty for samples commg from layers 3 4 and 7 

dunng the thIrd month Both sets of panelIsts also rated the uncooked samples from all 

layers as unacceptable durmg the SIxth month (S5) 

WIth regard to preference, panelIsts unanImously rated the samples from layer 3 to 7 

as the best of the seven layers The ratmg was both for cooked and uncooked mIlled nce 

samples stored for 3 months The mIlled nce sample from layer 7 was rated as the best 

sample In both cooked and uncooked forms After SIX months of paddy storage, the samples 

were no longer presented for sensory evaluatIOn m the cooked form The samples had 

dIstmct off odor and the laboratory staff already refused to taste the samples presented to 

them dunng the optImum cookIng water determmatlon Only the uncooked mIlled nce from 

seven layers were presented to the panelIsts and all were rated unacceptable 

Aroma The major drawback of the samples from the top layers dunng months 3 

and 6 was theIr off odor/fermented smell Dunng month 3, fermented smell was dlstmct In 

samples from layers 1 and 2 Off odor of lesser mtensity was noted for all other samples 

Between cooked and uncooked mIlled nce forms, the mtenslty of the fermented smell was 

stronger In the cooked form After SIX months, the off odor/fermented smell became hIghly 

perceptible In all samples mcludIng those In the uncooked form 

A slIght VarIatIOn across samples In terms of uncooked nce charactenstIcs lIke color, 

gloss, wholeness of grams, brIttleness of grams and gram translucency were noted dunng 

month 3, as was the case for month 6 Color of the uncooked milled nce grams however 

notably changed from cream Ish whIte to yellowIsh after SIX months for samples from layers 

3 to 7and the yellOWIsh color of the samples from layers 1 and 2 durmg month 3 were 

further IntenSifIed dunng month 6 
Overall, among the samples from the seven layers, the scores and descnptIOns for the 

sensory attnbutes were hIgher andlor better for samples In the lower layers The sample 
from the lowest layer of the three months storage (S4) was StI1I acceptable In both cooked 

and raw forms to the panel compnsIng a nce farmmg communIty However, regardless of 

layer, a duratIOn of SIX months was deemed Inappropnate for hermetIc storage of paddy at 

18%MC 

5 6 Summary and ConclUSIOn 
From the above laboratory and fIeld trIals, It was agreed among the project 
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mvestigators that the following storage duratIOns can be recommended for intermedIate MC 
storage of paddy m hermetIcally sealed Volcam cubes 

For 18% and 17%MC paddy storage can be prolonged for one month PerceptIOn of 

a fermented smell was very eVIdent m cooked form after 2 months Other cooked qualItIes 

such as flavor, color and gloss as well as the raw qualitIes like color, wholeness of grams 

and translucency became Infenor beyond one month of paddy storage 

For 16% Me paddy - storage can be extended to two months SIgmfIcant negative 

changes In cooked nce aroma as wen as m such qualitIes as color and gloss In both cooked 

and raw forms were observed at above two months of paddy storage Other sensory qualitIes 

slIghtly changed after more than two months of storage 

For 15% MC paddy - storage can be extended to three months Slight changes In 

sensory qualIties wIth an off-odor slIghtly perceptIble In the cooked form were noted after 

three months of storage 

Paddy at 14% MC showed remarkably good sensory attnbutes even at three months 

WhICh IS stll1 the recommended duratIOn for paddy storage In fact m a study by del Mundo 

(1995) It was shown that IR64 paddy <;tored for one year at 12%-14% MC at ambIent 

condItIOns had comparable sensory qualIties to paddy stored for three and SIX months 

The hermetIC storage under hypOXIC condItIOns of about 1 % O2 or less, needed to 

arrest mold development, can be obtamed USIng a well sealed standard VolcanI cube The 

mOIsture mIgratIOn phenomenon expenenced In outdoor storage, WhICh IS exacerbated at 

Intermediate MCs, can be strongly reduced usmg reflectIve covers, proVIded they are 
correctly placed over the cubes 

6 Impact, Relevance and Technology Transfer 

A prevIOUS JOInt CDR project (C7-053) has facIlItated ImplementatIOn of the present polIcy 

of the PhIlIppIne government WhICh IS dIrected at provIdmg small scale farmer cooperatIves 

wIth on-sIte storage UnIts so as to decentraltze storage of the natIOnal gram reserve as well as 

prOVIde rural commUnIties WIth a hIgher level of food secunty In 1998, about 200 UnIts of 

these storage structures were purchased and dIstnbuted to farmers' cooperatives natIonWIde 

Presently, 300 addItIOnal storage UnIts have been purchased by the government to mItIgate 

the effect of La NIna To date thIS concept of sealed storage to protect dry gram from Insect 

mfestatIOn has been Widely promoted by BPRE and FumItechnIks through an IntenSIve 

trammg program of on-the-spot demonstratIOns and courses It IS antICIpated therefore that 

the fmdmgs of thIS project can be translated Into practIce by dove-taIlmg thiS technology 
Into the recently developed concept of storage m fleXIble lmers PolIcy deCISIOns may have 

to be made In the lIght of these fmdmgs, but should the concept of storage of Intermediate 

MC gram be adopted, even a one-month delay after harvest, before paddy must be dned or 
consumed should have a revolutIOnary effect on harvest losses, farmer mcome and food 
secunty 

The project has had a StimulatIng effect on the actIVIties of BPRE whose central role In 

postharvest actlvltIes of the PhIlIppInes cannot be over-emphasIzed Fundmg has enabled the 
purchase of eqUIpment essential for carrymg out research mto hermetIc and controlled 

atmosphere (CA) storage At present a member of BPRE (Ms Glory SablO) IS undertakmg 
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PhD studIes In the Department of Stored Products at the VolcanI Center as a dIrect outcome 

of thIS cooperatIOn Lastly, It was only through the CDR funded projects that cooperatIOn 

reached a level where ARO was chosen by BPRE for speCial cItatIOn - "m recognItIOn of 

ARO's contnbutIOn In hastenmg the development of the country's postharvest mdustry by 

supportmg research and development actlvities responsive to the needs of the agncultural 
sector" 

7 Project ActivitIes/Outputs 

InvestIgator" of the project attended and presented relevant papers at the followmg 

conferences 

1) InternatIonal Conference on Controlled Atmospheres and FumIgatIOn, held m Cyprus, 

Apnl 1996 

2) 18th ASEAN semmar on grams postharvest technology held m Mamla, March 1997 

3) 7th InternatIOnal workmg Conference on Stored-product Protection, BeIJmg, Chma Oct 

1998 
ProJect meetmgs/vlSlts 

1) 1995 Drs Donahaye & Navarro to BPRE (dunng gram storage course funded by IsraelI 
government) followed by National Semmar on Gram Storage Technology and Food 

Secunty 

2) 1996 Ms Cahboso to ARO 

3) 1997 Dr Donahaye (pnvate fundmg) and Dr Navarro to BPRE and UPLB 

14) 1999 Dr Andales to ARO (September) 

8 Project ProductiVIty 

A conSIderable amount of the early expenmental work needed to be repeated both m the 

PhIlIppInes and Israel, due to the purchase of paddy whIch later was revealed to be of sub

standard qualIty However the project dId cover the major object! ves and Included the 

development of reflectIve covers WhICh dId not form part of the ongmal work plan but 

emerged as an essentIal addItIOn The development of the descnptIve model could not be 
completed In time but a Stella language SImulatIOn model has been set up and the 

expenmental data reqUIred to venfy the model has been largely gathered 

9 Future Work 

The outcome of thIS study WIll depend largely on deCISIons by polIcy makers and In-depth 

extenSIOn actIVIties We belIeve that much remaInS to be done In the mtroductIOn of 
envIronmentally fnendly storage SOlutlOfl'; to developmg countnes, and that hermetIC storage 

at the cooperative and small farmer level IS one of the most promIsmg courses of actIon for 

provldmg food securIty m the 21 st Century 
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ABSTRACT 

l...abaatoty expemrents W8I8 undettaksn to detennne the effect of temperature and IrICJISture 
content (MC) on I8SpIfIItbon of paddy The expenments were earned out 111 gass jars (5IJtJ mI) filed 
wlh paddy. condtJoned to tiIIe target levels of Me corresponding to the foI:)WlrJg water adJviIJes(awJ 
o 75. 0 ~ 0 85 and 0 90, and held at 25. 30 and 35"0 18$pedIve/y The tna/s were CIII'I'I8d out 
uSllJg /ow qualty paddy (rsm-damaged) with 23% gennmabon. and /ugh qualty paddy with 91" 
germmabon A Inear reIabonslup was found between I8$pIf8tJon rates expressed as Jog of oxygen 
consumptIon In mg 0;t100 9 dry matter/day plotted against paddy MC For 18% Me at 35'C, 
I8spnbon rate of high quaity paddy was 20361 mg 0;1100 9 dry matter/day. and for 14" Me 
at 2SJO it was 0604 mg 0;t100 9 dry matter/day For the same temperatul8s and MOs, the low 
qualty paddy gave values of 17 175 and 0585 mg 0;!100 9 dry matter/day I8SPectJvely 

INTRODUCTION 

In South-East Asia the harvesting of paddy In the monsoon season when sun drying fs 
not feaSible poses an acute problem In the PhiliPPines, the NAPHIRE advocates two stage drying, 
whereby high mOisture paddy should be dned down to below 18 percent moisture content (MC) 
in the first stage to minimIZe rapid detenoratlon. followed later by drying of Intermediate moisture 
paddy down to below 14 percent (Andales, 1987) The m8XJmum acceptable holding period for 
paddy at 18 percent MC. between the two drying stages IS 21 days However, during this storage, 
wetght losses due to respiration are Inevrtable Development of mycotoxlns pose an additional nsk 
If the temperature and humidity are suitable (Paster, 1987, Paster & Bullerman, 1989) and paddy 
quality may not be maintaIned over the Imposed Intenm storage penod until It IS dned 

Extstlng data In the literature on storage losses are not consistent Steel et BI (1969) 
determined the standard condition of temperature, MC and mechanical damage for calculation of 
safe storage time of com up to 05 percent dry matter loss (OML) SeItZ sf sI (1982) stated that 
high mOisture, high mechanical damage and previous Infestation can cause the development of 
dangerous quantrtJes of mlerollora, especially Aspergillus ffavus, even before reaching 0 5 percent 
OMLin com 

This laboratory study was undertaken to examine the rates of respiration of paddy of 
intermediate mOisture contents at different temperatures, and express these findings in terms of 
weight loss 
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MATERIALS AND METHODS 

To determine the respIration rate of paddy, controlled laboratory expenments were under
taken by sealing paddy at five target levels of mOIsture content (MC) of 14, 15, 16, 17 and 18 
percent. approXimately correspondIng to the follOWIng water actMtJes, (aw) 075, a 80, 085, 088 
and 0 90 The expenments were carned out at 25, 30 and 35-C 

Preparation of paddy .ampIa 

IR.s4, a Wldeiy planted nee vanety In the Philippines, was used an the expenment Two 
quallbes of paddy were obtaIned. The first batch had been rain damaged and had an average 
Inlbal germination level of 23 percent. while the second batch had an Inlbal germination level of 
91 percent Both paddy consIgnments amved from the Phtllpplnes at 13 1 percent MC Each batch 
was dMded Into five groups and these were then moIStened to the five targeted MCs. ThIS was 
done by adding to the paddy the amount of dlsblled water calculated to produce the reqUired MC, 
uSing a hand-spl1lyer, foHowed by thorough moong by rotation In 5 L plastIc contaIners The 
containers were bghUy closed WIth screw-lids and transferred to a refngerator at 2 ± 10C for 
condlbomng Each container was rotated and shaken for 2 to 3 minutes dally After two weeks, 
the MC of each batch was checked twice a week by the oven method until readings became stable. 
If the MC after stabDlZ8tlon differed from the target MC by more than 0 2 pen:ent, a further correction 
was made by addIng a calculated amount of water, or by spreading the graIn on a tray and drytng 
Target MCs were reached after 2 to 4 weeks 

Experimental procedure 

Each batch of paddy at Its target MC was placed In a 5OO-mllalner-type glass jar with screw
on metal lid and gasket seal To enable gas sampling, a hole was dnlled In the Hd and fitted with 
a slllCOlHUbber septum. The exact volume of each Jar was determined by fining WIth dlsbDed water 
at 2o-C Then, the Jars were completely filled with grain to minImIZe headspaee, and then wetghed 
The VOid volume an the Jars was calculated using the specific weIght of paddy to subtract the volume 
of the paddy grains from the total Jar volume. Before clOSing, the nms of the Jars were spread 
with a fine layer of SIlicon grease to enhance sealing Attar the lid had been screwed down manually, 
II: was tightened WIth :1 clamping tool, and each Jar was tested for hermetic seal 

After the jars had been sealed they were transferred to thermostatJcaUy-malntalned chambers 
at the three expenmental temperatures 

Gas sampling 

The rates of respiratory metabolism as expressed by 0:2 uptake and CO2 output were 
determined by removal of gas samples uSIng a 1 ml gas-bght synnge, through the septum set 
In the lid of each Jar Gas samples were analysed by chromatography on a Tracor MT - 565 gas 
chromatograph fitted with a thermal conductMty detector and a porapak Q column In senes with 
a molecular SIeve (13X) column The sampling port was eqUIpped with a 025 ml sample Injector 
loop The op8l1lbng condibons were 500C oven temperature, detector temperature of 70oC, column 
ftow rate of 40 mllmln, and reference flow rate of 15 mllmln. HelIum was the camer gas and the 
analysis was computed by a SpectraphYSlcs SP4100 Integrator Concentrations were calculated 
on the baSIS of peak area. Peaks were calibrated uSing a standard gas mIXtUre with known CO2, 
0:2. and nrtrogen (N2) composlbon Sampling commenced ImmedIately after sealing the flasks 
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and contmued at 4, 6, 16 or 24 h Intervals untIl the 02 was consumed by the paddy, or tor longer 
IntetV8ls for the lower MC paddy samples. 

The 0:2 and C0:2 concentrations were recorded regularly for each temperature and MC as 
desalbed above. Based on a linear regresszon the rates of hourly ~ consumption were determined. 
Then these values were converted to mg 0:2 consumption per 24 h. USIng the VOId volumes In 
the J8I'S and the dry weight of paddy 

RESULTS AND DISCUSSION 

The rates of O:z consumptlon at the raln-damaged and good quarrty paddy at vanous 
moISture contents are grven In Figs. 1 and 2 respectIvely The bnes In the figures were plotted 
fer the three temperatures used in the expenments. 

For good quaflty paddy and at all three temperatures, there was an appnoomate doubling 
(x 1 7) in respiration rate for every 1 percent Increase In Me aver the tested range. and far rain
damaged paddy. thIS rata was slightly hIgher (up to x 1 9) Simllarty far eNet'J sec mcrease In 
temperature. the Increase In resp.ratlon rate ranged from x 1 7 to x 2.2 for good quality paddy, 
and for ram-damaged paddy frcm x 1 5 to x 1 9S 

In tlus study, 14 percent MC was considered to be In equiJibnum 'Mth 75 pen::net rho (Rrndner 
at Ei... 1991), 'Much IS the crrbcal Me belowwlIch resplratH:ln rates are conSIderably II'Ihiblted.. Results 
In Figs 1 and 2 show that at 14 percent MC, respiration rates at the three temperatures are very 
close to each other In contrast. for respiration rates obtained at higher MCs, the hIgher the 
temperature., the greater the dr1ference. 

These resplrabon rates may be used to calculate the dally dry matter loss denved frcm 
the JOint actMty of mlcrotroral and paddy resplrabon uSing the equabon for starch OXIdation. Such 
calculations are needed to enable one to esttmate the storabJlrty of grain, based on the frequently 
used Q'ltenon developed by Saul and Steele (1966) for maIZe In the US that a grven percentage 
loss In dry matter, IS economically acceptable. Subsequently, the a 5 percent OML Index for grade 
#2 maIZe was adopted by the USDA as a national standard. The times required to preduce dry 
matter loss (OtYl) of a 5 percent for the good quality paddy at ttle three expenmentaf temperatures 
IS gr.El"l In Fig. 3 A number of prevrous studies has been made on DMl of paddy~ and a companson 
of these results IS gMln In Table 1 

From the table It can be seen that the number of days to 0 5 percent OML esbmated by 
HUano (1982) were conStstentiy shorter than what was found In thIS study (e.g. at 16% MC HiJano 
gave 50 days at 270C as against 124 days at 2SOC and 75 days at 300 C In thIS study). ThIS 
was also true for the higher MCs In the studies ot Chikubu (1970) and Jindel & Ouggel (1978) 
In contrast. the times gIVen by Teter (1982) and Esmay ei aI (1979) were consrstentfy longer 
Data on raln-damaged paddy (Fig 2) WQuld gIVe longer DMl penods, probably due to low seed 
VlabiJrty The Wide time range grven In Table 1 and comparatIve results on ram damaged and good 
quafrty paddy suggest that addrtronal data WIth other paddy qualrty parameters are needed for 
obtaining more reliable OML cntena for the safe storage of paddy 

A companson between the respiration of paddy and that of wheat may be made using the 
findings of Lacey el aI (1997) who measured the resplraoon of wheat at different water adMtres 
(aw) For wheat at 0 85 aw, the respiration rate at 3CoC was reported to be 22.167 mg/100g OMi 
24 h. For the same water actMty, the MC of paddy was esbmated to be 16 percent Me and the 
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respiratIon rate was 4 mgJ100g 0Ml24 h at the same temperature 

thiS shows that paddy respiration IS far lower than wheat and the expected dry matter loss 
should be lower accordangly To obtam a a 5 pE'f'cent OML for wheat at a 85 aw and 3SoC, the 
calculated time was only 21 days, an contrast to the 75 days for paddy at the same aw and 
temperature as found an thIS study 

The results obtaaned could also enable one to calculate 02, consumption by paddy under 
sealed condmons USing the ~ consumptlon results of thiS study, the time until 02 IS reduced 
to very low levels of about 2 percent can be calculated 

The Implications of the findangs In thiS study be In the WIdespread problem of handling mOist 
paddy at harvest time In countries with a Similar climate as the PhilipPines, paddy IS usually 
harvested at 22 to 21 percent MC dunng the dry season and 2B to 30 percent MC dunng the wet 
season (Mendoza at a/ 1984) More than half of the total annual volUme of paddy-nce produced 
In the Phlllppmes IS harvested dunng the wet season (PhilipPine Agnbusaness Fact Book and 
Directory 1991-1992) In a recently concluded survey, the j)urchase of wet paddy by nee traders 
In 8ulacan and Nueva EOja proVInces IS about 53 percent of the total volume produced dunng 
the wet season, and 13 percent of the total volume produced dunng the dry season (Tolentino 
at aL. 1992) This indicates the high volume of wet paddy handled dunng the rainY season 

The use of mechamcal dryers has, so far, been recognized as a method of preventing 
detenoratlon of wet paddy dunng the rainY season However, the high costs of Investment 
maintenance, and operation are among the constraints IImmng the adoption of this method 
especlally In the rural areas (8ermundo & QUlambao, 1984 and Lorenzana 1985) To thiS day, 
sun drylng contInues to be the most favored method of drymg Thus dunng the rainy season, farmers 
and traders alike are forced to walt for the sun to shine 

The difficulty an adoption of mechanical dryers necessitates the examination of alternative 
solutions to prevent the fungal deterioration of wet paddy ThiS study forms part of a more 
comprehenSIVe approach to solvang thiS problem 
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Figure 2 Rates of oxygen consumption of good quality paddy (91 percent germination) at 
vanous moisture contents and temperatures 
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FIgure 3 Effect of mOIsture content of paddy on safe storage time In days, based on time to 
reach 0 5 percent dry matter loss, at 25, 30 and 35°C 

Table 1 Comparison of six studIes on evaluation of tlmes required for dry matter loss of paddy 
to reach 05% 

Present Results Chlkubu Jindal & Tater HI/ano Esmayet 
1970 Duggel (1982) (1982) al (1979) 

Temp Uc 25 30 35 15-25 15-25 378 27 378 

%MC 
12.0 3300 2,300 
130 1,020 
140 614 290 134 416 350 680 
150 360 141 73 151 310 
160 124 75 60 64 50 122 
170 107 48 28 25-30 20 34 
180 60 33 14 15-20 136 2!:; 47 
19 a 15 J 104 
200 10 84 10 
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Appendix 2 to Fmal report C12-0S7 
FINAL CONTRACT REPORT 

Sensory QualItIes of MIlled Raw and Cooked RIce from Paddy Stored 
WIth DIfferent MOIsture Contents and under 

Various Storage DuratIOns 

by 

Angehta M del Mundo and Angelma dR F ehx I 

The study was conducted as a follow-up of a preVIOUS undertakmg auned at 
relatmg mOIsture content and storage duratIOn of newly harvested paddy (IR64) to 
cookIng and sensory qualItIes of the correspondmg mIlled raw and cooked nce Samples 
evaluated had mOIsture contents of 14%, 15%, 16%, 17% and 18% QualIty attrIbutes 
from 0 day, 30 days, 60 days and 90 days were evaluated to establIsh penodIc changes 
The same consumer panelIsts evaluated the sensory quahtIes from IrutIal to fmal storage 
time Below are the speCIfic objectIves of the present study 
1 To establish the optImum cookIng water and document cookIng parameters (heIght 

mcrease and cookmg tIme) of mIlled IR64 stored as paddy at dIfferent mOIsture 
contents (14%, 15%, 16%, 17% and 18%) and storage perIods (0 days, 30 days, 60 
days and 90 days) 

2 To compare the consumer acceptabIhty and preference scores of mIlled raw and mIlled 
cooked IR64 stored as paddy at dIfferent mOIsture contents and duratIOns 

3 To IdentIfy quahty changes ill mIlled raw and mIlled cooked nce of expenmental 
samples 

4 To correlate varIOUS mOIsture contents and dIfferent storage tIme of IR64 paddy to 
cookIng and sensory qualItIes of the correspondmg mIlled raw and cooked nce 
samples 

I ASSOCIate Professor and UmversIty Researcher respectIvely, InstItute of Human 
NutrItIOn and Food, College of Human Ecology, UmversIty of the PhilIppmes Los Banos, 
College, Laguna 
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Two kilos freshly rrulled IR64 stored as paddy under hermetIc condItIOns at five 
mOIsture levels mentIoned were receIved from the Bureau of Postharvest Research and 
ExtensIOn (BPRE) for four consecutive months IR64 stored at ambIent temperature wIth 
an Imtial mOIsture content of 14% was also submItted wIth the expenmental samples 
ThIS sample served as the control 

All samples were evaluated In terms of cookIng parameters and sensory qualItIes 
based on the procedure of del Mundo (1991) OptImum cookIng water was establIshed 
for each sample upon receIpt Cookmg parameters measured mclude % heIght mcrease and 
cookIng time Changes m the sensory quahties across mOIsture contents and storage 
duratIOns were documented In both rrulled raw and mtlled cooked forms A consumer 
panel of 50 partIcIpants from MaItlm, Bay, Laguna was employed ThIS number allowed 
each treatment (14%,15%,16%,17% and 18%) a replIcatIOn of 30 times per seSSIon 
The same Judges were employed durmg the four sessIOns that represent the dIfferent 
storage duratIOns (0 day, 30 days, 60 days and 90 days) In each seSSIOn, the partIcIpants 
were gIven a set of four cooked nce samples (three treatments and the control) The 
samples were assIgned a three dIgIt code number and presented to each Judge based on the 
sample presentatIOn plan accordmg to the procedure of Cochran and Cox (1957) The 
warm cooked nce samples (lOg) were placed In wme glasses covered wIth alummum 
cover The four cooked samples were randomly arranged and were dIstnbuted to the 
Judges m a tray together wIth a clear plastlc spoon and a glass contammg tap water Water 
was used as a nnse between evaluatIOn of cooked nce samples to aVOId carry over of 
quahty charactenstics perceIved through the nasal and mouth cavItIes Four mIlled raw 
samples contamed a mInIature nce bIn wIth mdlvidualIzed compartment were also 
presented to each of the Judges Each compartment contaIned one teaspoon (7g) of the 
correspondmg sample whIch was coded and arranged accordmgly 

The samples were evaluated m terms of the dIfferent mIlled raw and cooked 
charactenstIcs After fillmg up the background mformatlOn sheet, the scorecards for 
mIlled cooked then mIlled raw nce were dlstnbuted to the Judges DescnptIOn of each 
sample was gIven, acceptablhty IndIcated and best sample chosen by ranking the four 
samples regIstered by mdividual panelIst 

The mean of the rephcated tnal for the cooking parameters as % heIght mcrease 
and cookmg tIme were computed for each sample Raw data on the sensory qualItIes were 
decoded and tabulated pnor to data processIng Acceptablhty was calculated by dlVldmg 
the number of "yes" responses by the total number of responses and multIplYIng the 
dIVIdend by 100 A percent acceptabIlIty of 75% and above IS conSIdered acceptable 
MeanwhIle, preference score was expressed m scores of ranked data, followmg the 
procedure of Larmond (1985) 



Preference score = (No of rank 1 x 103) + (No of rank of2 x 030) + 
(No of rank 3 x -0 30) + (No of rank 4 x -1 03) 
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The total preference score obtamed was dIvIded by the number of Judgments ThIS 
was done to make values comparable between presentatIOns and panel SIze A mean 
preference score of 1 03 was the hIghest attamable score However, a posItive preference 
scores for a sample IS generally accepted whIle a sample wIth negatIve score IS generally 
rejected partIcularly when the dIfference m score IS statIstICally sigruficant compared wIth 
other samples 

Cookmg parameters data were subjected to analysIs of varIance usmg the F-test to 
determme treatment effects Duncan multIple range test (DMRT) was used to locate the 
sigruficant dIfferences DIfferences across mOIsture contents and storage duratIOns m 
terms of the sensory qualItIes were on the other hand analyzed usmg the Kruskal-WallIs 
I-Way ANOVA and the Fnedman Two-Way ANOVA, respectIvely CorrelatIOn among 
the dIfferent cookmg parameters and sensory attrIbutes With mOIsture content and storage 
duratIOn was establIshed usmg the Spearman correlatIOn analysIs 

The results of the cookmg and sensory evaluatIOns are as follows 
1 Cookmg parameters of mIlled IR64 stored as paddy at dIfferent mOIsture contents and 

storage duratIOns 

The optImum cookIng water of expenmental amount of mIlled nce from stored 
paddy samples of dIfferent mOIsture contents (14%, 15%, 16%, 17% and 18%) as well as 
that of the control durmg the mitial and monthly mtervals were the same Each 80g mIlled 
nce sample reqUired 100mL (1 1 25) cookIng water 

Percent heIght mcrease whIch IS used as an mdicator of volume expanSIOn ranged 
from 165 0% to 221 4% In general, an mcreasmg trend m volume expanSIon was observed 
as paddy storage was prolonged On the other hand, a decreasmg trend m percent heIght 
mcrease as mOIsture content mcreased from 14%, 15% to 16% was observed for the 
dIfferent storage penods For the samples of 17% and 18% mOIsture, no trend was 
recorded Moreover, no relatIOnshIp was establIshed between mOIsture content and % 
heIght mcrease (correlatIOn coefficIent = 015511) 
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Table 1 Percent heIght mcrease of rrulled cooked IR64 from paddy stored at dIfferent 
mOIsture contents and storage duratIOns, 1998 

MOlsture Content % Hel~ht Increase/Storage Time 
o d~y 30 days 60 days 90 days 

ControV Untreated Sample 
(14% RT) 1734 1730 1964 2068 

Treated Samples - samples stored under 
hermetIc condItIOn at 

14%MC 1790 1899 2052 2054 
15%MC 178 0 1897 2000 2214 
16%MC 1650 1820 1903 1966 
17%MC 1836 1807 2000 2086 
18%MC 166 1 1823 181 0 1850 

Table 1 a mdicates slIght vanatIOns but no trend between mOIsture content, storage 
penod and cooking tIme StatIstlcally, the dIfferences m terms of cooking tlme across 
mOIsture contents and storage duratIons were not sigruficant The mean cookIng tIme of 
the samples ranged from 1442 to 1675 mmutes The correlatIOn coefficIents of 000881 
and 0 13462 were low to establIsh a relatIOnshIp between cooking tIme and mOIsture 
content nor cookmg tIme and storage duratIOn, respectlvely 

Table 1 a Mean cooking tIme of rrulled cooked IR64 from paddy stored at dIfferent 
mOIsture contents and storage duratIOns, 1998 

MOisture Content Mean Cookm~ Time (mm )/Storage Time 
o day 30 days 60 days 90 days 

ControV Untreated Sample 
(14% RT) 1525 1527 1494 1442 

Treated Samples - samples stored under 
hermetIc condItIOn at 

14%MC 15 13 1670 1525 1547 
15%MC 1497 1675 1576 1571 
16%MC 1475 16 10 1487 1479 
17%MC 1465 1675 1629 1544 
18%MC 1525 1527 1494 1442 
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2 Sensory quahtIes of mIlled cooked m64 stored wIth dIfferent mOIsture contents 
for variOUS duratIOns 

Results of the Spearman correlatIOn analysIs revealed that both mOIsture content 
and storage duratIOn were found to be negatIvely correlated wIth all SIX (6) cooked nce 
attrIbutes namely aroma, taste, tenderness, cohesIveness, color and gloss These 
charactenstics became mfenor at hIgher mOIsture level and longer storage penod Among 
these attnbutes, aroma and flavor had the strongest negatIve correlatIOn With mOIsture 
content and storage duratIOn In fact, the poor acceptabIlIty and preference for samples of 
16% MC to 18% MC m the cooked form was pnmanly dIctated by the off odor 
(fermented smell) present m these samples In the raw form, wholeness of grams and 
color were found to have a sIgmficant negatIve correlatIOn WIth mOIsture content and 
storage duratIOn 
Samples of hIgher mOIsture content had whIter shade of color and a hIgher proportIOn of 
whole grams compared to samples of hIgher mOIsture content As the length of paddy 
storage IS mcreased and at a hIgher mOIsture content, color of the nce were towards the 
creamish to graYIsh shade and broken grams became more eVIdent CorrelatIOn of thIS 
sensory result WIth the data obtamed by BPRE usmg the Mmolta Color Meter and WIth 
the % head nce recovery recorded durmg mIllmg potentIals determmatIOn, IS suggested 

Table 2 RelatIOnshIp of paddy mOIsture contents and storage duratIOns to sensory qualItIes 
of mIlled raw and cooked IR64, 1998 

Parameters 

A Milled Cooked Form 
% AcceptabIlIty 
Preference Score 
Aroma 
Flavor 
Tenderness 
CohesIveness 
Color 
Gloss 

B MIlled Raw Form 
% AcceptabIlIty 
Preference Score 
Aroma 
Color 
Gloss 
Wholeness of Grams 
BrIttleness of Grams 
Gram Translucency 

* - SIgmficant at 1 % level of sIgmficance 
** - sIgmficant at 5% level ofslgmficancce 
* * * - slgmficant at 10% level of sIgmficance 

Correlation CoeffiCient 
MOisture Content Storage Duration 

006063 006887 
-0 15292 * -004973 
-011187 * -027206 * 
-008654 * -016318 * 
-006072 -014486 * 
-008741 ** -017090 * 

-006801 ** -007723 ** 
-009930 ** -004427 

003081 002383 
-010425 * -000274 
-005509 *** -004254 
-008556 * -008831 * 
003212 003306 
-009561 * -010461 * 
-000454 -001099 
-004086 -005612 
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Moreover, based on the results of the sensory evaluatIOn (AppendIx 1 to 7), the 
maxnnum paddy storage penod for the followmg mOIsture contents recommend the 
followmg 
• For 18% Me - one (1) month PerceptIOn of fermented smell (off odor) was very 

eVIdent m cooked form dunng month 2 Other cooked qualItIes such as flavor, color 
and gloss as well as the raw qualIties lIke color, wholeness of grams and translucency 
became mfenor after one month of paddy storage 

• 17% Me - one (1) month The same quahty changes noted for sample of 18% 
mOl sture content 

• 16% Me - can be extended to two (2) months Sigruficant negatIve changes m cooked 
nce aroma as well as m such qualIties as color and gloss m both cooked and raw forms 
were observed after two (2) months of paddy storage Other sensory qualItIes slIghtly 
changed after two(2) months of storage 

• 15% Me - can be extended to three (3) months SlIght change m sensory qualItIes Off 
odor slIghtly perceptIble m cooked form after three (3) months of storage 

14% Me - has shown remarkable sensory attnbutes even at three (3) months of paddy 
storage StIll the recommended level for paddy storage In fact, paddy storage at 14% 
mOl sture level under hermetIc condItIon may be extended even up to one (1) year 
Study by del Mundo (1994) showed that IR64 stored for one year at 12%-14% 
mOlsture under ordmary condItIon (room temperature) had comparable sensory 
quahtIes WIth that stored for three and SIX months 
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AppendIX 1 

Table 3 Percent acceptabilIty of mIlled cooked IR64 stored as paddy at different mOIsture contents and 
t d t 1998 s orage ura IOns, 

MOisture Content % Acceptabillty/ Storage Time 

o day ns 30 daysnS 60 days 90 days 

MILLED COOKED 

Contro IIU ntreated 980 960 960 940 

Sample (14% RT) ns 

irreated Samples 

-samples stored 

under hermetic 

conditIOn at 

14% MC ns 1000 967 967 967 

15%MC 933 933 933 800 

16%MC 967 967 900 733 

17%MC 900 900 600 433 

18% MC 933 900 567 300 

ns _ no slglllficant difference at 5% level of slglllficance 
- With slglllficant difference at 5% level of slglllficance 

Table 3a Percent acceptabilIty of milled raw IR64 stored as paddy at different mOIsture contents and storage 
duratIOns 1998 , 

MOisture Content % Acceptability/ Storage Time 

o day ns 30 daysnS 60 days 90 days 

MILLED RAW 

Con tro IIUntreated 960 1000 960 960 

Sample (14% RT) ns 

[Treated Samples 

-samples stored 

under hermetIc 

conditIOn at 

14% MC ns 967 1000 967 1000 

15% MC ns 900 967 933 933 

16% MC ns 933 967 800 800 

17% MC ns 933 933 800 700 

18%MC 867 867 767 633 

ns _ no slglllficant difference at 5% level of slglllficance 
- With slglllficant difference at 5% level of slglllficance 
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AppendIx 2 

Table 4 Mean preference scores of milled cooked IR64 stored as paddy at different mOisture contents and 
d 1998 storage uratlOns, 

MOisture Content Mean Preference Score/ Storage Time 

o day 30 days 60 days 90 days 

MILLED COOKED 

Control/Untreated 006 042 034 037 

Sample (14% RT)"' 

Treated Samples 

-samples stored 

under hermetic 

conditIOn at 

14% MC n, 049 051 051 068 

15% MC ns 001 009 022 o 11 

16%MC 006 008 - 017 - 001 

17%MC - 027 - 029 - 0 17 - 0 58 

18%MC - 0 37 - 0 52 - 0 70 - 090 

ns _ no sIgnificant difference at 5% level of slgmficance 
- With sIgnificant difference at 5% level of significance 

Table 4a Mean preference scores of mIlled raw IR64 stored as paddy at different mOIsture contents and 
storage duratIOns, 1998 

MOisture Content Mean Preference Score/ Storage Time 

o day 30 days 60 days 90 days 

MILLED RAW 

Con tro IfU ntreated 038 042 031 047 

Sample (14% RT)"s 

[Treated Samples 

-samples stored 

under hermetIc 

condition at 

14% MC ns 051 049 048 079 

15% MC"S 003 004 o 14 o 17 

16% MC"S -020 -004 - 001 - 021 

17% MC ns - 0 27 - 045 - 047 - 062 

18% MC ns -072 -077 -076 -086 

ns _ no significant difference at 5% level of significance 
- With slgmficant difference at 5% level ofslgmficance 
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AppendIX 3 

Table 5 Mean aroma scores of mIlled cooked IR64 stored as paddy at vanous mOlsture contents and length of 
storage 1998 

MOIsture Content Mean Value! Storage Time 
o day 30 days 60 days 90 days 

MILLED COOKED 
ControV Untreated Sample 
(14%RTj 458 438 402 404 

Treated Samples - samples stored under 
hermetIc conditIOn at 

14% MC ns 453 487 460 430 
15% MC ns 447 443 430 (1) 333 (7) 
16%MC 430 417 387 (4) 286 (9) 
17%MC 410 423 230(17) 1 77 (19) 
18%MC 390 403 206 (19) 1 37 (26) 

ns _ no sIgmficant difference at 5% level of significance 
- with slgmficant difference at 5% level of slgmficance 

( ) - number of Judges out of the 30 panelists who descnbed the sample as havmg off odor 

Table 5a Mean aroma scores of mIlled raw IR64 stored as paddy at varIOUS mOisture contents and length of 
storage, 1998 

MOIsture Content Mean Value! Storage Time 
o daynS 30 days 60 days 

MILLED RAW 
ControV Untreated Sample 
(14% RT)ns 428 394 430 

Treated Samples - samples stored under 
hermetic conditIOn at 

14% MC ns 440 450 420 
15% MC ns 420 403 400 
16% MC ns 387 367 360 (3) 
17% MC ns 397 393 3 63 (4) 
18% MC ns 353 383 320 (8) 

ns _ no significant difference at 5% level of signIficance 
- With slgmficant difference at 5% level of sIgmficance 

() number of Judges out of the 30 panelists who descnbed the sample as havmg off odor 

Numencal Score 

1 
2 
3 
4 
5 

EqUlV Aroma DescnptlOn 

WIth off odor 
No aroma 
Weak aroma 
Moderately aromatic 
AromatiC 

90 days 

410 

427 
417(1) 
3 63 (3) 
280(10) 
300 (8) 
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Appendix 4 

Table 6 Mean flavor scores of milled cooked IR64 stored as paddy at vanous mOisture contents and length of 
storage, 1998 

MOisture Content Mean Value! Storage Time , o dayn. 30 daysns 60 days 

ControV Untreated Sample 
(14% RT)ns 438 430 458 

Treated Samples - samples stored under 
hermetic conditIOn at 

14% MC n. 417 443 420 
15% MC ns 430 438 433 
16% MC ns 4 17 383 387 
17%MC 4 17 387 390 
18% MC • 4 17 383 333 

ns _ no significant difference at 5% level of slgmficance 
- with slgmficant difference at 5% level of slgmficance 

( ) - number of Judges out of the 30 panelist who desCrIbed the samples to have off taste 

NumerIcal Score 

I 
2 
3 
4 
5 
6 

EqUlv Flavor DescnptlOn 

With off taste 
Bland 
Weak taste 
Moderately tasty 
Tasty 
Very tasty 

90 days 

4 18 

433 
390 (I) 
370 (2) 
297 (3) 
244-<.10) 
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AppendIX 5 

Table 7 Mean tenderness scores ofmIIIed cooked IR64 stored as paddy at variOUS mOIsture contents and length 
of storage, 1998 

MOisture Content Mean Value/ Storage Time 
o daynS 30 daysns 60 days 90 days 

ControV Untreated Sample 
(14% RT)ns 290 274 270 284 

Treated Samples - samples stored under 
hermetIc condItIOn at 

14% MC ns 327 320 300 3 17 
15% MC ns 290 277 300 290 
16% MC ns 280 267 250 280 
17% MC ns 273 273 230 233 
18% MC ns 267 283 240 233 

ns _ no SIgnificant dIfference at 5% level of SIgnIficance 
- WIth SIgnificant dIfference at 5% level of SIgnificance 

Table 8 Mean cohesIveness scores ofmIIIed cooked IR64 stored as paddy at variOUS mOIsture contents 
and length of storage, 1998 

MOIsture Content Mean Value! Storage Time 
o daynS 30 daysns 60 daysns 

ControV Untreated Sample 
(14% RT)ns 344 

Treated Samples - samples stored under 
hermetIc condItIOn at 

14% MC ns 367 
15% MC ns 347 
16% MC ns 347 
17% MC ns 327 
18% MC ns 3 10 

ns _ no SIgnificant dIfference at 5% level of SIgnificance 
- WIth SIgnIficant difference at 5% level of SignIficance 

Numeral Value 

1 
2 
3 
4 

Tenderness Descnption 

Tough 
Chewy 
Moderately Tender 
Tender 

320 320 

340 347 
3 17 3 10 
297 320 
280 252 
323 290 

CohesIveness DescnptIOn 

Well separated 
Separated 

Moderately stiCky 
StiCky 

90 daysns 

324 

310 
293 
328 
260 
334 
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AppendIx 6 

Table 9 Mean color scores of milled cooked IR64 stored as paddy at vanous mOisture contents and length of 
storage, 1998 

MOisture Content Mean Value! Storage Time 
o daynS 30 days 60 days 90 days 

MILLED COOKED 
ControV Untreated Sample 
(14% RT)ns 456 436 428 446 

Treated Samples - samples stored under 
hermetic conditIOn at 

14% MC ns 450 478 453 450 
15% MC ns 453 437 423 4 13 
16%MC 463 427 450 427 
17%MC 447 437 407 360 
18%MC 420 390 357 333 

ns no slgmficant difference at 5% level of significance 
- with significant difference at 5% level of significance 

Table 9a Mean color scores of milled raw IR64 stored as paddy at vanous mOIsture contents and length of 
storage, 1998 

MOIsture Content Mean Value/ Storage TIme 
o day 30 dCiYs 

MILLED RAW 
ControV Untreated Sample 
(14% RT)ns 454 438 

Treated Samples - samples stored under 
hermetIc condition at 

14% MC ns 453 443 
15% MC ns 450 430 
16% MC ns 393 400 
17%MC 420 377 
18% MC' 357 390 

ns _ no slgmficant difference at 5% level of SignIficance 
- with Significant difference at 5% level of Significance 

Numeral Value 

5 

1 
2 
3 
4 

Color Description 

Blackish white 
GraYish white 
YellOWish 
Cream Ish white 

White 

60 days 

442 

457 
437 
390 
340 
337 

90 days 

428 

457 
427 
420 
340 
3 17 
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AppendIX 7 

Table 10 Mean gloss scores of mIlled cooked IR64 stored as paddy at variOUS mOIsture contents and length of 
storage, 1998 

MOisture Content Mean Value! Storage Time 
o dayn' 30 daysn, 60 daysn, 90 days 

MILLED COOKED 
ControV Untreated Sample 
(14% RT)n, 334 310 292 302 

Treated Samples - samples stored under 
hermetiC condItIOn at 

14% MC ns 307 353 323 320 
15% MC ns 320 303 307 277 
16%MC 337 333 270 330 
17%MC 3 13 297 250 240 
18%MC 320 287 257 200 

n, _ no signIficant difference at 5% level of signIficance 
- wIth sIgnIficant dIfference at 5% level of signIficance 

Table lOa Mean gloss scores of mIlled raw IR64 stored as paddy at varIOUS mOisture contents and length of 
storage, 1998 

MOIsture Content Mean Value! Storage Time 
o day 30 days 

MILLED RAW 
ControV Untreated Sample 
(14% RT)n' 352 356 

Treated Samples - samples stored under 
hermetiC conditIOn at 

14% MC ns 3 12 323 
15% MC ns 277 3 10 
16% MC ns 263 297 
17% MC ns 267 233 
18% Me ns 207 283 

n, _ no signIficant difference at 5% level of slgmficance 
- WIth signIficant difference at 5% level of signIficance 

Numeral Value 

I 
2 
3 
4 
5 

Gloss DeSCription 

Very dull 
Dull 
Moderately glossy 
Glossy 
Very glossy 

60 days 

355 

357 
343 
277 
237 
247 

90 days 

358 

357 
293 
290 
207 
224 
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AppendIX 8 

Table 11 Mean wholeness of grams scores of milled raw IR64 stored as paddy at varIOUS mOisture contents and 
length of storage, 1998 

MOisture Content 
o day 

ControV Untreated Sample 
(14%RTj 458 

Treated Samples - samples stored under 
hermetic conditIOn at 

14% MC os 443 
15%MCOS 376 
16% MC os 380 
17% MC os 362 
18% MC os 339 

ns _ no significant difference at 5% level of significance 
- with slgmficant difference at 5% level of significance 

NumerIcal Score 

1 
2 
3 
4 
5 

Mean Value! Stora~e TIme 
30 d!lYs 60 days 90 days 

464 444 440 

427 430 
383 363 
363 343 
383 333 
3 17 293 

EqUiV Wholeness of Grams 
DescrIptIOn 

GrIts 
Broken 
Predommantly broken 
Predommantly whole gram 
Whole grams 

427 
360 
357 
333 
293 
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Appendix 9 

Table 12 Mean gram translucency scores ofmtlled raw IR64 stored as paddy at varIOUS mOIsture contents and 
length of storage, 1998 

MOisture Content 
o day 

ControV Untreated Sample 
(14% RT)ns 342 

Treated Samples - samples stored under 
hermetlc condltlon at 

14% MC ns 350 
15% MC ns 320 
16% MC ns 3 10 
17%MC 323 
18% Me ** 223 

ns _ no significant difference at 5% level of signIficance 
- With slgmficant dIfference at 5% level of slgmficance 

Numencal Score 

2 
3 
4 
5 

Mean Value/ Storage Time 
30 days 60 days 

356 346 

347 347 
323 3 13 
320 297 
293 267 

243 233 

Eqmv Gram Translucency 
DescrIptIOn 

Opaque 
Chalky 
Moderately chalky 
Translucent 

90 days 

334 

347 
310 
287 
283 

2 17 
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AppendiX 10 

Table 13 Mean bnttleness of grams scores of milled raw IR64 stored as paddy at various mOlsture contents and 
length of storage, 1998 

MOisture Content 
o day 

Controll Untreated Sample 
(14% RT)ns 468 

Treated Samples - samples stored under 
hermetIc condItion at 

14% MC ns 470 
15% MC ns 457 
16% MC ns 430 
17% MC ns 417 
18% MC ns 410 

ns _ no SIgnificant dIfference at 5% level of sIgnificance 
- wIth sIgnificant dIfference at 5% level of slgmficance 

Numencal Score 

3 
4 

5 

Mean Value/ Storage Time 
30 days 60 days 90 days 

464 462 

443 473 
447 437 
423 423 
4 17 420 
4 17 393 

EqUlv Bnttleness of Grams 
DescnptlOn 

Soft 
Soft but Yleldmg 
("makunat") 
Brittle 

472 

470 
443 
441 
4 11 
396 



APPENDIX 3 to Fmal Report C-12 057 

FINAL CONTRACT REPORT 

Sensary QualIties of MIlled Raw and Cooked RIces from Wet Paddy Stored m a 
Volcam Cube 

by 

AngelIta M del Mundo and Angelma dR FelIx 1 

The undertakmg was conducted as an offshoot of the study on the cookmg and sensory 
qualItIes of rrulled raw and cooked nces from hermetIcally stored paddy at dIfferent mOIsture 
contents and storage duratIOns under a laboratory set-up The present study aImed to evaluate the 
effIcIency of a VolcanI cube set-up as a storage structure for wet paddy The study consIsted of 
two actIVItIes 

ActzVlry 1 Comparatzve cookzng and sensory qualztzes of mllled raw and cooked nce from wet 
paddy (18% mOlsture content) stored zn a Volcanz cube and under conventlOnal 
storage set-up 

ActlVlry 2 Cookzng and sensory qualztles of mllled cooked and raw nce of wet paddy stored zn two 
pLies wuh varlOUS layers under a Volcanz cube set-up 

The contract was Implemented for the penod November 15, 1997 to August 30, 1998 
Samples evaluated were supplIed m the rrulled form by the Bureau of Postharvest Research and 
ExtenSIOn (BPRE) For actIVIty 1, the nee used consIsted of 1) IR64 of 14% mOIsture content 
stored m a conventIOnal set-up, 2) IR64 of 18% mOIsture content stored m a conventIonal set-up, 
and 3) IR64 of 18% mOIsture content stored m a Volcam cube set-up These samples were receIved 
for three consecutIve tImes representmg a tn-monthly penods (mitIal tune, after three months of 
storage and after SIX months of storage) MIlled nce came from a compOSIte of paddy samples 
stored m each of the three set-ups based on the samplmg desIgn of BPRE 

The Volcam cube set-up was prepared by placmg the wet paddy samples m polypropylene 
bags of 50 kilos each and hermetIcally stonng them m a Volcam cube The Volcam cube was set
up m an open area and was covered wIth an alurrunet Two Volcam cube set-up labeled as pIle 1 
and pile 2 were prepared PIle 1 was opened after three months and pIle 2 after SIX months Each 
pIle has seven layers The sample for sensory evaluatIon was obtamed as a compOSIte of the paddy 
m the rruddle or 4th layer of the pIle 

Adjacent to the VolcanI cube set-up were two conventIOnal storage set-ups, one for 14% 
mOIsture and another for the 18% mOIsture level Samples for the conventIonal storage set-up were 
contamed m polypropylene bags, stacked m pallets and covered WIth flat tarpaulm sheets Three 
kilos paddy samples were randomly obtamed from the dIfferent SIdes of each of the conventIOnal 
set-ups for the two storage penods 

In actIVIty 2, seven rrulled nee samples from the seven layers of the VolcanI cube set-up 
were receIved durmg month 3 and month 6 for qualIty evaluatIOn The samples were receIved one 
week after receIpt of the samples for actIVIty 1 

1 ASSOCIate Professor and UmversIty Researcher respectIvely, InstItute of Human Nutntlon and 
Food, College of Human Ecology, Umversity of the PhilIppmes Los Banos, College, Laguna 



2 

Two plIes of Volcam cube were set-up for actIvIty 2 These plIes were located near the set
ups for actIvIty 1 m the BPRE compound m Munoz, Nueva EcIJa PIle 1 was opened durmg the 
thIrd month and pIle 2 durmg the sIxth month Each pIle consIsted of seven layers wIth the 
topmost layer numbered as levelland the bottom layer as level 7 There were twenty two to thIrty 
one (22 to 31) polypropylene bags of wet paddy (18% mOIsture) m each layer Three kIlos of 
composIte paddy samples from each layer per pIle were obtamed, dned to 14% and nulled Out 
of the three kIlos composIte paddy, two kIlos of mIlled nce were receIved for evaluatIOn of cookmg 
parameters and sensory qualItIes for the two storage penods under study 

All samples for actIvItIes 1 and 2 underwent a complete evaluatIOn for cookmg parameters 
SImIlarly, all samples m the mIlled raw form were assessed sensoncally However, for the nulled 
cooked form, only those stored for three months were subjected to sensory evaluatIOn The strong 
unacceptable fermented odor dunng the determmatlon of the cookmg parameters of the samples 
flom the SIX months storage pIle led to the suspenSIOn of theIr sensory evaluatIon 

Cookmg and sensory assessments were conducted based on the procedure of del Mundo as 
stated m the prevIOUS contract report usmg the samples from the laboratory set-up 

Two sets of consumer panel were employed m thIS undertakmg The fIrst group were 
farmers, houseWIves and out-of-school youths from MrutIm, Bay, Laguna The second group 
consIsted of researchers, admImstratIve staff and field laborers from UPLB and PhIIRtce Los 
Banos UPLB students were also mcluded In the second group All the partICIpants m both areas 
had expenence m nce sensory evaluatIon 

The expenmental samples were replIcated 30 tImes As such, 30 and 56 partICIpants m each 
area were employed as panelIsts for actIVIty 1 and actIVIty 2, respectIvely The same groups of 
consumer panelIsts were employed to evaluate the samples from the varIOUS storage pen ods 

The results of the evaluatIon are as follows 

ActzVlty 1 Comparatzve cookzng and sensory qualztzes of wet paddy( 18% mozsture 
content) stored zn a Volcam cube set-up and under conventlOnal storage set
up 

• The optImum cookmg water for the expenmental amount of mIlled nce from wet paddy 
(18% mOIsture content) stored m a Volcaru cube set-up and under conventIOnal set-up 
dunng the InItIal and two storage pen ods was the same The sample of 14% mOIsture 
content stored under the conventIOnal set-up lIkeWIse have the same optImum cookmg 
water Each 80g nulled nce sample reqUIred 100mL (1 1 25) cookmg water 

• There was no sIgmflcant dIfference In percent heIght mcrease (used as an mdIcator of 
volume expanSIon) among samples dunng each storage penod Percent heIght Increase 
ranged from 1469% to 221 4% MeanwhIle, cookIng tIme ranged from 154 to 184 
mmutes A generally mcreasmg but mSlgmflcant trend m cookmg tIme was noted as 
paddy storage IS prolonged 
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Table 1 Percent heIght mcrease of nulled cooked IR64 from paddy stored m two set-ups 
for vanous storage penods, 1998 

Set-up/Samples % Heu,ht Increase/Stora2e Time 
ImtIal TIme Three (3) SIX (6) 
(0 month) Months Months 

Samples Stored Under 
ConventIOnal Set-up 

- 14 % MC 1730 2214 213 3 
- 18 % MC 1635 2085 201 7 

Sample (18% MC) Stored m a 
Volcam Cube 

- pIle 1 1825 1992 -
- pIle 2 1469 - 1952 

- no evaluatIOn as per BPRE samplmg desIgn 

Table 2 Cookmg tIme of nulled cooked IR64 from paddy stored m two set-ups for varIOUS 
storage pen ods, 1998 

Set-up/Samples Cookm2 TIme (mm )/Storage TIme 
ImtIal TIme Three (3) SIX (6) 
(0 month) Months Months 

Samples Stored Under 
ConventIOnal Set up 

- 14 % MC 160 175 182 
- 18 % MC 154 169 180 

Sample (18% MC) Stored In a 
Volcam Cube 

- pIle 1 170 170 -
- ptle 2 160 - 184 

- no evaluatIon as per BPRE samplmg desIgn 

• Tables 3-13 present the results of the sensory evaluatIOn The nulled cooked and raw nce 
qualItIes of the samples wIth 14% and 18% mOIsture contents stored under the conventIOnal 
set-up and the sample (18% mOIsture) stored m a Volcaru cube set-up were comparable 
dUrIng the IrutIal tIme After three months of wet paddy storage, the tenderness and 
coheSIveness of the mIlled cooked rIces from the dIfferent set-ups remamed comparable 
There was also no SIgnIfIcant dIfferences m such mIlled raw nce qualItIes as wholeness of 
grams, gram translucency and gram bnttleness across storage set-ups and duratIOns 
Sample from the Volcaru cube set-up however became mfenor m terms of the other 
charactentIcs after storage There was a decrease m the overall ratmg for cooked nce flavor, 
color and gloss from mitlal tIme to thIrd month of paddy storage Sinularly, the ratmg for 
mIlled raw nce color and gloss consIstently declme after three and SIX months of paddy 
storage m a VolcanI cube set-up The characterIstIcs WhICh were hIghly affected by wet 
paddy storage m a VolcanI cube set-up were the aroma, percent acceptabIlIty and 
preference scores of the mIlled cooked and raw nce samples 

Aroma The aroma of the sample stored m a VolcanI cube set-up was sIgmfIcantly mfenor 
from samples stored under the conventIonal set-up Off odor speCIfically a fermented smell 
was perceptIble m both mIlled cooked and raw nces from wet paddy stored for three 
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months EIghteen judges from UPLB and 19 from Bay had mdicated thIS off odor m the 
cooked form Moreover, 21 and 15 judges from the two areas respectIvely had noted the 
fermented smell m the raw form After SIX months of paddy storage, the mIlled cooked 
form of the samples from the VolcanI cube set-up were no longer presented for sensory 
evaluatIOn due to a hIghly dIstmct fermented smell recorded durmg the coolang tnals In the 
raw form, the off odor of the sample stored as wet paddy m a VolcanI cube set-up for SIX 
months was noted by 28 and 24 out of the 30 judges from UPLB and Bay, respectIvely 

2 AcceptabIlIty A 35 0% and 51 6% mean acceptabIlIty from the two sensory SItes was 
recorded m the cooked and raw samples from a VolcanI cube set-up of three months 
storage These percentages were sIgmficantly lower compared to the percent acceptabIlIty of 
the samples stored under conventIOnal set-up The sample of 14% mOIsture had a mean 
acceptabIlIty of 95% m the cooked form and 91 7% m the raw form The sample of 18% 
mOisture stored under conventIOnal set-up had a mean acceptabIlIty of 900% and 847% m 
mIlled cooked and raw forms, respectIvely After SIX months of paddy storage, only two 
Judges from Bay and one from UPLB had mdicated acceptabIlIty for the raw sample from 
wet paddy stored m a Volcam cube set-up 

3 Preference Sample from the Volcam cube set-up receIved a consIstent negative score m the 
rrulled cooked form compared to the samples stored under the conventional set-up The 
dIfference m preference score of the mtlled cooked sample across storage set-ups was 
sIgmficantly WIder for the thIrd month storage than for the mitIaI tIme Sirrularly, there 
was a notable decrease m preference score of rrulled raw nce from wet paddy stored In a 
VolcanI cube set-up from InItial tIme to three months and to SIX months of storage 

• MeanwhIle, between the two mOIsture levels (14% and 18%) stored under conventIOnal set-up, 
samples were found to be generally comparable m terms of the dIfferent mtlled cooked and raw 
nce qualItIes In terms of the overall acceptabIlIty and preference scores, sample of 14% 
mOIsture content was better than the sample of 18% mOIsture after three and SIX months of 
paddy storage 

Table 3 Percent acceptabIlIty of rrulled cooked IR64 stored at 14% and 18% mOIsture contents 
for vanous storage penods, 1998 

Set-up/Samples % AcceptabIllty/ Stora~e PerIod/ Area 
Imtlal Time Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set-uQ 

14%MC 967 900 900 1000 900 
18%MC 1000 933 800 833 733 

Sample (18% MC) 
In Volcam cube set-up 

- pile 1 967 900 233 467 -
- pile 2 1000 900 - - ** 

- no evaluatIOn as per BPRE samplmg deSIgn 
"'* not evaluated due to a very strong fermented smell (off odor) establIshed dunng coo lang 
tnals 

900 
833 

-
** 
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Table 3a Percent acceptabIlIty of lTIllled raw IR64 stored at 14% and 18% mOIsture contents for 
vanous storage penods, 1998 

Set-up/Samples % AcceptabIlity/ Storage Period/ Area 
ImtIaI TIme Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED RAW 
Samples Stored 
Under ConventIOnal 
Set up 

- 14% MC 1000 900 900 933 800 900 
- 18% MC 933 867 867 833 533 900 

Sample (18% MC) 
In Volcam cube set-up 

- PIle 1 1000 1000 433 600 - -
pIle 2 967 933 - - 33 67 

- no evaluatIOn as per BPRE samplIng desIgn 

Table 4 Mean preference of lTIlIled cooked IR64 stored m two set-ups for varIOUS storage 
penods, 1998 

Set up/Samples Mean Preference Score/ Storage Period! Area 
ImtIal TIme Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set up 

14% MC 007 009 051 051 011 
18%MC 016 018 028 006 -0 II 

Sample (18% MC) 
In Volcam cube set-up 

- pIle 1 -025 -014 -079 -044 -
pIle 2 -018 -012 - - ** 

- no evaluatIOn as per BPRE samplmg desIgn 
* * not evaluated due to a very strong fermented smell (off odor) establIshed durmg cookmg 
trIals 

BAY 

006 
-006 

-
** 
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Table 4a Mean preference score of ITIllled raw IR64 stored m two set-ups for VarIOUS storage 
penods, 1998 

Set-uplSamples Mean Preference Score! Stora~e PerIod! Area 
InItIal TIme Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED RAW 
Samples Stored 
Under ConventIonal 
Set up 

- 14% MC 006 -013 051 055 057 040 
- 18% MC 023 011 011 -018 020 031 

Sample (18% MC) 
In VolcanI cube set-up 

pile 1 044 034 -062 036 -
pile 2 -005 -045 - -079 -071 

- no evaluatIon as per BPRE samplmg desIgn 

Table 5 Mean aroma scores of ITIllled cooked IR64 stored m two set-ups for VarIOUS storage 
pen ods, 1998 

Set-up/Samples Mean Value! Storage PerIod/ Area 
InItIal TIme Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB I BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set up 

14%MC 40 44 35 42 3 6 40 
18% MC 40 45 33 36 32 40 

Sample (18% MC) 
In VolcanI cube set up 

pile 1 40 40 1 5 20 - -
pile 2 40 40 - - ** ** 
no evaluation as per BPRE samplmg desmg 

.j<.j< not evaluated due to a very strong fermented smell (off odor) establIshed dunng cookmg tnals 
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Table 5a Mean aroma scores of ITIllled raw IR64 stored m two set-ups for varIOUS storage penods, 
1998 

Set-up!Samples Mean Value! Storage PerIod! Area 
ImtIal TIme Three (3) Months SIX (6) Months 
(0 Month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED RAW 
Samples Stored 
Under ConventIOnal 
Set-up 

- 14% MC 35 38 29 40 30 28 
- 18% MC 34 40 29 30 1 9 27 

Sample (18% MC) 
In Volcam cube set-up 

- pIle 1 35 40 1 6 22 - -
- pIle 2 36 40 - 1 1 1 3 

- no evaluatIOn as per BPRE samphng desIgn 

Numencal Score 

1 
2 
3 
4 

EqUlV Aroma DescnptIOn 

WIth off odor 
No aroma 
Weak aroma 
Moderately aromatIc 

Table 6 Mean color scores of ITIllled cooked IR64 stored m two set-ups for vanous storage 
pen ods, 1998 

Set-up!Samples Mean Value! Stora~e PerIOd! Area 
Imtlal TIme Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set up 

- 14% MC 46 47 4 1 47 44 45 
- 18% MC 46 44 39 40 40 40 

Sample (18% MC) 
In Volcam cube set-up 

- pIle 1 45 42 40 40 -
- pIle 2 45 45 - - ** ** 

- no evaluatIOn as per BPRE samplmg deSIgn 
*'" not evaluated due to a very strong fermented smell (off odor) estabhshed dunng cookmg tnals 
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Table 6a Mean color scores of rrulled raw IR64 stored m two set-ups for varIOUS storage penods, 
1998 

Set-up/Samples Mean Valuel Storage PerIOdl Area 
Initial Time 
(0 Month) 

UPLB I BAY 

MILLED RAW 

Samples Stored 
Under ConventIOnal 
Set up 

- 14% MC 43 40 
l8%MC 42 45 

Sample (18% MC) 
In Volcam cube set-up 

- pile 1 46 44 
- pile 2 40 40 

- no evaluatIon as per BPRE samplmg desIgn 

Numeral Value 
1 
2 
3 
4 
5 

Three (3) Months SIX (6) Months 

UPLB 

45 
39 

41 

-

BAY UPLB 

49 42 
34 32 

36 -
- 29 

Color DescnptIon 
BlackIsh whIte 
GraYIsh whIte 
YellOWIsh 
CreamIsh whIte 
WhIte 

BAY 

40 
36 

-
30 

Table 7 Mean gloss scores of rrulled cooked IR64 stored m two set-ups for vanous storage 
penods, 1998 

Set-up/Samples Mean Value/ Storage PerIOd/ Area 
Initial Time Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set up 

- 14% MC 35 34 28 25 24 29 
18% MC 35 3 1 28 26 23 34 

Sample (18% MC) 
In Volcam cube set up 

- pIle 1 30 30 23 24 - -
- pile 2 32 33 - - ** ** 

- no evaluatIOn as per BPRE samplmg deSIgn 
~* not evaluated due to a very strong fermented smell (off odor) establIshed durmg cookmg trIals 
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Table 7a Mean gloss scores of rrulled raw IR64 stored m two set-ups for vanous storage 
pen ods, 1998 

Set-up!Samples Mean Value! Storage PerIod! Area 
ImtIal TIme Three (3) Months SIX (6) Months 
(0 Month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED RAW 
Samples Stored 
Under ConventIOnal 
Set-up 

- 14% MC 25 30 25 33 2 1 26 
- 18% MC 24 30 23 23 19 23 

Sample (18% MC) 
In VolcanI cube set-up 

pIle 1 23 27 2 1 23 -
pIle 2 23 30 - 1 5 1 5 

- no evaluatIOn as per BPRE samplmg deSIgn 

Numeral Value 
1 
2 
3 
4 
5 

Gloss DescnptlOn 
Very dull 
Dull 
Moderately glossy 
Glossy 
Very glossy 

Table 8 Mean flavor scores of rrulled cooked IR64 stored m two set-ups for vanous storage 
penods, 1998 

Set-up!Samples Mean Value! Storage PerIOd! Area 
ImtIal TIme Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set up 

- 14% MC 44 43 43 44 39 41 
- 18% MC 44 46 38 42 37 39 

Sample (18% MC) 
In Volcam cube set-up 

pIle 1 42 40 23 3 1 - -
Pile 2 42 42 - - ** ** 

- no evaluatIOn as per BPRE samplmg deSIgn 
** not evaluated due to a very strong fermented smell (off odor) estabhshed dunng cookmg tnals 

Numencal Score 
1 
2 
3 
4 
5 

Eqmv Flavor DescnptIOn 
WIth off taste 
Bland 
Weak taste 
Moderately tasty 
Tasty 
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Table 9 Mean tenderness scores of mIlled cooked IR64 stored m two set-ups for varIOUS storage 
pen ods, 1998 

Set-up/Samples Mean Value! Storal?;e Period/ Area 
Initial Time Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set up 

- 14% MC 28 30 28 26 25 23 
- 18% MC 27 32 26 25 26 24 

Sample (18% MC) 
In Volcani cube set up 

Qlle 1 27 28 24 25 - -
pile 2 33 26 - - ** ** 

- no evaluatIOn as per BPRE samplmg deSIgn 
* -I: not evaluated due to a very strong fermented smell (off odor) establIshed dunng cookmg tnals 

Table 10 Mean cohesIveness scores of mIlled cooked IR64 stored m two set-ups for vanous 
d 1998 storage peno s, 

Set-up/Samples Mean Value/ Storage PerIOd! Area 
Initial Time Three (3) Months SIX (6) Months 
(0 month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED COOKED 
Samples Stored 
Under ConventIOnal 
Set-up 

14% MC 37 30 33 35 29 34 
18% MC 37 34 34 34 32 33 

Sample (18% MC) 
In Volcani cube set up 

- PIle 1 32 32 29 29 - -
- pile 2 37 32 - - ** ** 

no evaluatIOn as BPRE samplmg deSIgn 
*-1: not evaluated due to a very strong fermented smell (off odor) establIshed dunng cookmg tnals 

Numeral Value 
1 
2 
3 
4 

Tenderness DescnptIOn 
Tough 
Chewy 
Moderately Tender 
Tender 

CoheSIveness DescnptIOn 
Well separated 
Separated 
Moderately stIcky 
Sticky 



11 
". 

Table 11 Mean wholeness of grams scores of mIlled raw IR64 stored m two set-ups for vanous 
storage penods, 1998 

Set-upl Samples Mean Valuel Storage PerIOd! Area 
ImtIal TIme Three (3) Months SIX (6) Months 
(0 Month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED RAW , 
Samples Stored 
Under Conventional 
Set-up 

- 14% MC 42 42 42 43 44 44 
- 18% MC 40 38 40 42 43 40 

Sample (18% MC) 
In Volcam cube set-up 

pile 1 44 45 42 38 -
pile 2 41 40 - - 40 40 

- no evaluatIOn as per BPRE samplmg desIgn 

Numencal Score 
1 
2 
3 
4 
5 

EqUlv Wholeness of Grams Descnption 
GrIts 
Broken 
Predommantly broken 
Predommantly whole gram 
Whole grams 

Table 12 Mean brIttleness of grams scores of nulled raw IR64 stored m two set-ups for vanous 
storage pen ods, 1998 

Set-up/Samples Mean Valuel Storage PerIOd! Area 
Imtlal TIme Three (3) Months SIX (6) Months 
(0 Month) 

UPLB BAY UPLB BAY UPLB BAY 

MILLED RAW 
Samples Stored 
Under ConventIOnal 
Set-up 

14%MC 43 40 48 47 48 45 
18% MC 43 40 45 44 45 40 

Sample (18% MC) 
In Volcam cube set-up 

pIle 1 46 42 45 44 - -
PIle 2 45 43 - - 45 43 

- no evaluatIOn as per BPRE samplmg desIgn 

NumerIcal Score 
3 

4 
5 

Eqmv BrIttleness of Grams DescnptIOn 
Soft 
Soft but YIeldmg ("makunat") 
Bnttle 
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Table 13 Mean gram translucency scores of rmlled raw IR64 stored 10 two set-ups for vanous 
storage penods, 1998 

Set-up/Samples Mean Value! Storage Period! Area 
ImtIal TIme 
(0 Month) 

UPLB BAY 

MILLED RAW 
Samples Stored 
Under ConventIOnal 
Set-up 

- 14% MC 32 30 
- 18% MC 33 35 

Sample (18% MC) 
III Volcam cube set-u~ 

pIle 1 34 34 
pIle 2 32 25 

- no evaluatIon as per BPRE samplmg desIgn 

Numencal Score 
2 
3 
4 
5 

Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 

35 34 34 33 
30 28 3 1 30 

30 30 - -
- - 27 23 

EqUlV Gram Translucency DescnptIon 
Opaque 
Chalky 
Moderately chalky 
Translucent 

ActzVlty 2 Cookmg and sensory qualltles of mllled cooked and raw rlces of wet paddy stored m 
two plIes wah seven layers m a Voicam cube set-up 

• OptImum cook1Og water was the same for the seven samples dunng the two storage pen ods A 
nce water ratIo of 1 1 25 (1 OOmL water per 80g rmlled nce ) was establIshed for all samples 
dunng the thIrd and SIxth months of wet paddy storage 

• Percent heIght mcrease and cook1Og tIme were comparable across samples dunng each storage 
pen ods There was however a dlmlmshmg trend m heIght mcrease and an mcreasmg trend 10 
cookmg tIme as wet paddy storage IS extended from three months to SIX months HeIght 
10crease ranged from 179 7% to 203 3% for samples of three months of storage and from 
1574% to 1948% for sample of SIX months of storage Cookmg tIme was from 160 to 180 
mmutes and from 17 4 to 19 0 mmutes dunng month 3 and month 6, respectIvely 

• A dIfference m acceptabIlIty scores was regIstered by the two sets of consumer panelIsts 
Consumer panelIsts from UPLB were generally more choosy compared to the those from 
MaIt1m, Bay, Laguna partIcularly 10 terms of rmlled cooked nce qualIty The samples from all 
layers of the Volcaru cube set-up were rated as unacceptable by the consumer panelIsts from 
UPLB MeanwhIle, panelIsts from Bay, Laguna accepted the cooked form of paddy stored 10 
the Volcam cube set-up except those stored m the fIrst two topmost layers (layers 1 and 2) In 
the rmlled raw form, both sets of consumer panelIsts 10dIcated acceptabIlIty for samples 
cormng from layers 3, 4 and 7 dunng the thIrd month Both sets of panelIsts also rated the 
rmlled raw samples from all VolcanI cube layers as unacceptable durmg the SIxth month 
DespIte the negatIve sIrmlanty m ratmgs across sets of consumer panehsts, the acceptablhty 
rat10g gIven by panelIsts from MrutIm, Bay, Laguna was hIgher than the rat10g mdlcated by 
UPLB panelIsts 
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• Preference score mdicates chOIce The consumer panelIsts were requested to rank the samples 
to mdicate preference PanelIsts m UPLB as well as m Bay, unanImously rated the samples 
from layer 1 and layer 2 as the worst among the samples from the seven layers The ratmg was 
both for mIlled cooked and lTIlIled raw forms from month 3 storage The nce sample from 
layer 7 was rated as the best sample m both lTIllled cooked and raw forms After SIX months of 
paddy storage, the samples were no longer presented for sensory evaluatIOn m the cooked 
form The samples had dIstmct off odor and the laboratory staff already refused to taste the 
samples presented to them durmg the optImum cookmg water determmation Only the rmlled 
raw nces from the seven layers were presented to the panelIsts and all were rated unacceptable 
However, If the panelIsts have to make a chOIce from among the seven unacceptable samples, 
they mdicated hIgher scores for samples cOlTIlng from layers 4 to 7 

• The major drawback of the samples from top layers durmg month 3 as well as all samples 
dunng month 6 was theIr off odor/fermented smell Durmg month 3, fermented smell was 
dIstmct m samples cormng from layers 1 and 2 Off odor of lesser mtensity was noted for all 
other samples Between cooked and raw nce forms, the mtensity of the fermented smell was 
stronger m cooked form After SIX (6) months of paddy storage, the off odor/fermented smell 
became hIghly perceptIble m all samples mcludmg those m the raw form 

• A slIght vanatIOn across samples m terms of raw nce charactenstics lIke color, gloss, 
wholeness of grams, bnttleness of grams and gram translucency were noted durmg month 3 
Sllrularly, for month 6 samples, there was an mSIgnIficant decrease m overall ratmg m terms of 
the raw nce charactenstIcs such as gloss, wholeness of grams, bnttleness of grams and gram 
translucency Color of the raw nce grams however notably changed from crealTIlsh whIte to 
yellOWIsh after SIX months of paddy storage for samples cormng from layers 3 to 7 The 
yellOWIsh color of the samples from layers 1 and 2 dunng month 3 were further mtensified 
durmg month 6 

• Among the samples from the seven (7) layers m the VolcanI cube set-up, scores and 
descnptIOns for the vanous sensory attnbutes were hIgher and/or better for samples m the 
lower layers 

• Sample from the lowest layer of stored wet paddy m a VolcanI cube set-up for three months 
can stIll be acceptable m both cooked and raw forms to consumers from a nce farlTIlng 
communIty such as MaitIm, Bay, Laguna However, regardless of layer, a duratIOn of SIX (6) 
months IS mapproplate for wet paddy storage 

Table 14 Mean percent heIght mcrease of lTIll1ed cooked IR64 samples from vanous layers of 
stored wet paddy m a VolcanI cube set-up for dIfferent storage duratIOns, 1998 

Pile Layer % Height Increase IStorage PerIOd 

Three (3) Months Slx~61Months 

1 2033 1948 
2 1867 1574 
3 1933 1869 
4 1900 1869 
5 1790 177 8 
6 1869 1828 
7 1797 1656 
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Table 15 Mean cookmg tIme of mIlled cooked IR64 samples from varIOUS layers of stored wet 
paddy In a VolcanI cube set-up for dIfferent storage duratIOns, 1998 

Plie Layers Cookmg Time (mms) /Storage PerIOd 

Three (3) Months SIX (6) Months 

1 180 188 
2 167 174 

3 178 177 
4 189 18 8 
5 160 178 

6 163 182 

7 186 190 

Table 16 Percent acceptabIlIty of mIlled cooked IR64 samples from varIOUS layers of stored wet 
paddy In a VolcanI cube set-up for dIfferent storage duratIons, 1998 

PIle Layers % Acceptablhty/Stora~e PerIod/Site 

Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 
MILLED COOKED 

1 18 8 28 1 
2 28 1 469 
3 500 750 no sensory evaluatIOn 
4 53 1 812 due to strong fenneneted 
5 500 812 odor estabhshed dunnjl; 
6 469 844 cookmg trIals 
7 563 844 

Table 16a Percent acceptabIlIty of mIlled raw IR64 samples from varIOUS layers of stored wet 
paddy In a VolcanI cube set-up for dIfferent storage duratIOns, 1998 

PIle Layers % AcceptabilIty/Storage PerIod/Site 
Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 
MILLED RAW 

1 375 406 00 219 
2 219 469 94 156 
3 812 812 94 156 
4 78 1 844 156 333 
5 469 688 219 344 
6 39 1 688 250 355 
7 906 968 219 31 2 
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Table 17 Mean preference score of mllled cooked IR64 samples from vanous layers of stored wet 
paddy In a VolcanI cube set-up for dIfferent storage duratIons, 1998 

Pile Layers Mean Preference Score/Storage Period/Site 

Three (3 Months SIX (6) Months 

UPLB BAY UPLB BAY 
MILLED COOKED 

1 -069 -061 
2 -035 -028 no sensory evaluatIOn 
3 019 021 due to strong fermented 
4 010 015 odor establIshed dunng 
5 038 023 cooking trIals 
6 -006 004 
7 045 047 

Table 17a Mean preference of rrulled raw IR64 samples from vanous layers of stored wet paddy 
In a VolcanI cube set-up for dIfferent storage duratIOns, 1998 

Pile Layers Mean Preference Score/Storage Period/Site 

Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 
MILLED RAW 

1 -038 -047 -061 -070 
2 -072 054 -057 -032 
3 055 031 -030 -016 
4 044 017 030 032 
5 000 000 026 025 
6 -040 -026 053 038 
7 066 079 003 019 

Table 18 Mean aroma scores of rrulled cooked IR64 samples from vanous layers of stored wet 
paddy In a VolcanI cube set-up for dIfferent storage duratIons, 1998 

Pile Layers Mean Value/Storage PerIOd/Site 

Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 

MILLED COOKED 
1 1 2 1 2 
2 1 6 1 7 no sensory evaluatIOn 

3 20 26 due to strong fermented 

4 20 20 odor establIshed dunng 

5 1 8 26 cooking trIals 

6 1 9 28 
7 20 29 

{ t( ic 
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Table 18a Mean aroma scores of rrulled raw IR64 samples from vanous layers of stored wet 
paddy In a Volcam cube set-up for dIfferent storage duratlOns, 1998 

Plie Layers 

MILLED RAW 
1 
2 
3 
4 
5 
6 
7 

Numencal Score 

1 
2 
3 
4 
5 

Mean Value/Storage Period/Site 
Three (3) Months SIX (6) Months 

UPLB 

1 7 
1 8 
27 
26 
22 
1 8 
33 

BAY UPLB 

1 5 10 
1 7 1 0 
28 1 0 
25 1 2 
26 1 4 
23 1 1 
22 1 2 

EqUlV Aroma Descnptlon 

WIth off odor 
No aroma 
Weak aroma 
Moderately aromatIc 
AromatIc 

BAY 

1 6 
1 4 
1 3 
1 7 
1 5 
20 
1 4 

Table 19 Mean color scores of rrulled cooked IR64 samples from vanous layers of stored wet 
paddy In a Volcam cube set-up for dIfferent storage duratIons, 1998 

Plie Layers Mean ValuellStorage Period/Site I 
Three (3) Months SIX (6) Months I 

UPLB BAY UPLB BAY 
MILLED COOKED 

1 32 33 
2 38 39 no sensory evaluatIOn 
3 42 44 due to strong fennented 
4 41 42 odor estabhshed dunng 
5 44 44 cookmg trials 
6 43 4 1 
7 41 45 
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Table 19a Mean color scores of nulled raw IR64 samples from vanous layers of stored wet 
paddy m a Volcam cube set-up for dIfferent storage duratIOns, 1998 

Pile Layers 

MILLED RAW 
1 
2 
3 
4 
5 
6 
7 

Numeral Value 
1 
2 
3 
4 
5 

Mean Value/Stora~e PerIOd/Site 

Three (3) Months 

UPLB BAY 

35 34 
34 34 
42 44 
41 36 
38 39 
36 37 
44 44 

SIX (6) Months 

UPLB BAY 

29 28 
30 3 1 
32 3 1 
40 36 
39 36 
38 36 
33 3 1 

Color DescnptIOn 
Blackish whIte 
GraYIsh whIte 
YellowIsh 
Creaffilsh whIte 
WhIte 

Table 20 Mean gloss scores of ffillled cooked IR64 samples from vanous layers of stored wet 
paddy m a Volcam cube set-up for dIfferent storage duratIOns, 1998 

Pile Layers Mean Value/Storage Period/Area 

Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 
MILLED COOKED 

1 1 8 1 7 
2 26 30 no sensory evaluatIon 
3 26 34 due to strong fennented 
4 24 3 1 odor establIshed dunng 
5 28 3 1 cookmg tnals 
6 26 3 1 
7 25 32 

-1\ 
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Table 20a Mean gloss scores of mIlled raw IR64 samples from vanous layers of stored wet 
paddy in a Volcam cube set-up for dIfferent storage duratIOns, 1998 

Pile Layers 

MILLED RAW 
1 
2 
3 
4 
5 
6 
7 

Numeral Value 
1 
2 
3 
4 
5 

Mean Value/Storage PerIOd/Site 

Three (3) Months 

UPLB BAY 

22 22 
1 8 2 1 
26 33 
27 26 
2 1 30 
20 1 9 
20 34 

SIX (6) Months 

UPLB BAY 

14 1 4 
1 6 1 8 
1 4 1 9 
1 9 22 
20 1 9 
19 22 
1 7 20 

Gloss DescnptIOn 
Very dull 
Dull 
Moderately glossy 
Glossy 
Very glossy 

Table 21 Mean flavor scores of mIlled cooked IR64 samples from varIOUS layers of stored wet 
paddy in a Volcam cube set-up for dIfferent storage duratIOns, 1998 

Pile La~ers 

MILLED COOKED 
1 
2 
3 
4 

5 
6 
7 

Numencal 

1 
2 
3 
4 
5 

Mean Value/Storage PerIOd/Site 
Three (3) Months SIX (6) Months 

UPLB 

23 
29 
32 
30 
27 
3 1 
30 

BAY UPLB BAY 

23 
23 no sensory evaluatIOn 
36 due to strong fermented 
32 odor establIshed dunng 
33 cookmg trIals 
35 
38 

Eqmv Flavor DescnptIOn 

WIth off taste 
Bland 
Weak taste 
Moderately tasty 
Tasty 
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Table 21 Mean tenderness scores of nulled cooked IR64 samples from varIOUS layers of stored 
wet paddy In a Volcam cube set-up for dIfferent storage duratlOns, 1998 

Pile Layer Mean Value/Storage PerIOd/SIte 

Three (3) Months SIX (6) Months 

UPLB BAY UPLB BAY 
MILLED COOKED 

1 23 24 
2 29 33 no sensory evaluatIon 
3 29 26 due to strong fennented 
4 27 29 odor established dunng 
5 30 32 cooklng tnals 
6 28 29 
7 27 28 

Table 22 Mean cohesIveness scores of nulled cooked IR64 samples from vanous layers of stored 
wet paddy In a Volcam cube set-up for dIfferent storage duratlOns, 1998 

Pile Layers 

MILLED COOKED 

Numeral Value 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 

Mean Value/Storage PerIod/SIte 

Three (3) Months 

UPLB BAY 

29 25 
32 26 
33 33 
30 32 
32 33 
35 34 
32 33 

Tenderness DescrIptlOn 

Tough 
Chewy 
Moderately Tender 
Tender 

SIX (6) Months 

UPLB BAY 

no sensory evaluatIOn 
due to strong fennented 
odor established dunng 

cookln g trials 

CohesIveness DescnptlOn 

Well separated 
Separated 
Moderately stIcky 
StIcky 
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Table 23 Mean wholeness of grams scores of nulled raw IR64 samples from VarIOUS layers of 
stored wet paddy m a Volcam cube set-up for dIfferent storage duratIons, 1998 

Pile Layers 

MILLED RAW 
1 
2 
3 
4 
5 
6 
7 

Numencal Score 
1 
2 
3 
4 
5 

Mean Value/Storage Period/Site 
Three (3) Months SlxJ6) Months 

UPLB 

35 
29 
41 
43 
35 
25 
34 

BAY UPLB BAY 

38 36 35 
33 40 39 
40 43 41 
40 44 4 1 
35 44 43 
26 45 43 
47 42 40 

EqUlv Wholeness of Grams DescnptIon 
GrIts 
Broken 
Predonunantly broken 
Predommantly whole gram 
Whole grams 

Table 24 Mean bnttleness of grams scores of nulled raw IR64 samples from varIOUS layers of 
stored wet paddy m a Volcam cube set-up for dIfferent storage duratIons, 1998 

PIle Layers 

MILLED RAW 
1 
2 
3 
4 
5 
6 
7 

Numencal Score 
3 
4 
5 

Mean Value/Storage Period/Site 
Three (3) Months SIX (6) Months 

UPLB 

41 
41 
43 
47 
42 
41 
47 

BAY UPLB BAY 

43 45 42 
40 47 42 
45 47 43 
42 48 44 
4 1 46 45 
39 48 45 
45 46 43 

EqUlv BrIttleness of Grams DescnptIOn 
Soft 
Soft but YIeldmg ("makunat") 
Bnttle 

l~ 



21 

Table 25 Mean gram translucency scores of rrulled raw IR64 samples from vanous layers of 
stored wet paddy m a Volcam cube set-up for dIfferent storage duratIons, 1998 

Pile Layers 

MILLED RAW 
1 
2 
3 
4 
5 
6 
7 

Numencal Score 
2 
3 
4 
5 

Mean Value/Storage PerIOd/Site 

Three (3) Months SIX (6) Months 

UPLB 

28 
24 
33 
34 
30 
27 
34 

BAY UPLB BAY 

28 20 1 8 
26 26 25 
35 29 26 
30 30 32 
3 1 32 30 
25 3 1 28 
34 30 26 

EqUlV Gram Translucency DescnptIOn 
Opaque 
Chalky 
Moderately chalky 
Translucent 

I 

1~ 
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AppendIx 4 to FInal Report C12-0S7 

( accepted for presentatIon at 19th ASEAN and 1st APEC Semmar on Postharvest 
Technology to be held m Ho Chi mm City, Vietnam 9-12 November 1999) . 

PREVENTION OF MOISTURE MIGRATION IN SEALED 
GRlt,N STACKS STORED IN THE OPEN IN THE TROPICS 

USING REFLECTIVE COVERS 

Jonathan Donahayel
, Shlomo Navarro I , FIltpmas CalJbos02

, Glory SabI02
, Gemma Mall02 

and Joel Dator 

Abstract 

IAgncultural Research OrganIzatIOn Department of Stored Products Bet Dagan Israel 
2Bureau of Postharvest Research and ExtensIOn Munoz, PhIlippines 

A sealed structure that provIdes protectIon of gram wIthout the use of chemIcal pestICIdes and 
termed "Volcani cube" was used m these experIments A major advantage of the Volcani cube 
IS that It can be used to safely store gram outdoors when no sUItable storage bUIldmgs are 
aVaIlable However, under tropIcal condItIons, when gram IS stored m the open WIth no shade, 
ambIent dIUrnal temperature fluctuatIOns, can create temperature gradIents wlthm the stack that 
cause convection currents to carry mOIsture to the upper layers of gram To overcome thIS, an 
upper msulatmg layer of bags contaIning straw or husks was employed Under FIlIpmo 
condItIOns thIS solutIOn enables safe storage of maIze and paddy for perIods of up to three 
months, while for more extended pen ods the top mOIstened layer of hu<;ks should be replaced 
WIth dry matenal ThIS method, although solvmg the plOblem, suffered from the mherent 
dIsadvantages of reductIOn m effective storage capacity, the necessity to procure and transport 
materIal to fIll the bags, and the added expense of bags not used for StOI mg gram 
In a search to develop an alternatIve mexpensive and convenient method of msulatmg the stack 
from dIUrnal temperature fluctuations, the use of a shade screen placed above the cube was 
mvestigated ThIS matenal descnbed as a knItted thermal screen IS formed from alummum 
coated hIgh denSIty polyethylene threads 
Tllals m ISlael and the Phllippmes showed that the IeflectIve covers had a strong attenuatmg 
mfluence on temperature gradients and condensation at the top of the cubes on conditIOn that 
a space for flee movement of aIr was allowed between the cover and the plastic lmer For dry 
paddy, It was shown that after five months storage under a reflectIve cover, no perceptIble 
Increase m mOIsture content was found at the top of the stack and the gram lemamed In good 
condItIon (306 WOlds) 
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INTRODUCTION 
Two R&D projects carrIed out over the past nme years by The Bureau of Postharvest 
Research and ExtenSIOn (BPRE) m the Pruhppmes, WIth the cooperatIOn and support of the 
Agncultural Research OrganIzatIOn (ARO) m Israel, have focussed on the outdoor storage of 
gram mSlde hennetIcally sealed plastIC lmers tenned Volcaru cubes (AlvmdJa et al, 1994, 
Callboso et al, 1997, Donahaye, et al, 1998, Navarro, et al, 1995, Navarro, et al, 1997, 
Navarro and Donahaye,1998) The practical outcome of the fIrst project was to strengthen the 
present polIcy of the FilIpmo Government wruch IS directed at provIdmg farmer cooperatIves 
WIth on-SIte storage umts so as to decentralIze storage of the natIonal gram reserve as well as 
proVIde rural commumtIes WIth a hIgher level of food secunty ImplementatlOn of thIS polIcy 
IS. under way, and already the concept of sealed storage to protect dry gram from msect 
mfestatlon has been wIdely promoted together WIth the distrIbutlOn of the fleXIble plastIC 
outdoor storage cubes that were developed dunng the course of thIS project In 1998, about 
200 umts were dIstnbuted to farmers' cooperatIve reCIpIents natIonWIde Presently, 
government orders have been placed to purchase addJtlOnal umts for distrIbutlOn among 
farmer cooperatIves The second project was deSIgned to proVIde a solutlOn to the acute 
regIOnal problem where paddy-nce IS harvested at high mOIsture contents (MCs) dunng the 
monsoon season ThIS paddy must then be dned rapIdly to a safe Me m order to prevent It 
from moldmg and rottmg However, If the paddy IS dned rapIdly from about 30% to the 
reqUIred "safe" Me, the grams suffer stress resultmg m crackmg and breakage To overcome 
thIS problem a two-stage drymg procedure IS advocated where the paddy IS mitIally dned to 
18% (mtennedIate MC), at whIch stage yeast and bactenal actIVIty are suppressed, followed by 
a second stage drymg from 18 to 14% Me to prevent the development of storage molds The 
technology bemg developed m the second project IS mtended to enable fanners to overcome 
the bottleneck that occurs at the second drymg stage by provIdmg them WIth a means of 
stormg the mtennedIate Me paddy under tIghtly sealed condItIOns and thereby prevent 
spOIlage for prolonged pen ods untIl drymg by sun or machme IS agam an aVaIlable optlOn 

One sIgmficant fmdmg m the fIrst project was that under FilIpmo condItlOns, for dry paddy or 
corn stored m cubes outdoors WIth no shade, the dIUrnal temperature fluctuatlOns of the 
ambIent, created temperature gradIents witIDn the cubes that caused convectIon currents to 
carry mOIsture to the top of the stack To overcome thIS, an upper msulatmg layer of bags 
contammg nce hulls or com cobs was advocated ThIS method effectIvely solved the problem 
but also suffered from several mherent dIsadvantages, namely reductlOn m effectIve storage 
capaCIty of the cube, neceSSIty to procure and transport the husks or corn cobs and fill the 
bags, and the added expense of bags not used for stonng gram It was shown that under 
FilIpmo condItIOns thIS method enables safe storage for pen ods of up to three months For 
more extended tIme penods the wet top layer of husks or com cobs should be replaced 
(Navarro et al 1995) 

In the second project It was enVIsaged from the outset that when mtennedlate Me gram (cIrca 
18% MC), IS stored outdoors thIS phenomenon would also occur and would probably be even 
more cntIcal smce any nse above 18% Me IS lIable to tngger the anaerobIC metabolIsm of 
bactena and yeasts that have a strong mfluence on graIn qUalIty, partIcularly taste and aroma 

In a search to fmd an alternatIve mexpenslve and convement method of msulatmg the stack 
from dIUrnal temperature fluctuatIons, the use of a shade-provIdmg awnmg consIstmg of 
"Poly sac - Alurrunet" was mvestIgated ThIS matenal IS descnbed by the manufacturer as a 
kmtted shade cloth for use as a thennal screen and formed from alurrunum coated hIgh 
denSIty polyethylene threads The tnals descnbed here were undertaken to study the 
effectIveness and applIcabIlIty of these screens m protectmg the graIn stacks The fIrst tnals 
were carrIed out m Israel usmg a 10 ton capaCIty cube contaImng wheat, m order to obtaIn 
prelImInary data and to fine-tune the method Later tnals were carned out both m Israel and 
the PhilIppmes 
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TRIALS IN ISRAEL 
Materials and Methods 
The fIrst tnal m Israel was dIrected at sImultaneously companng the day-tIme temperature 
gradIents at the top of a storage cube, between unprotected and protected segments of the 
upper lmer Two denSItIes of shade matenal were compared durmg day-tIme only, and the 
m~ulatmg effect of the two types was exammed both when the cover was spread dIrectly over 
the top of the lmer (FIg 1 a) and also when It was separated from the lmer by a dIstance of 10 
cm usmg spacers (FIg 1 b) 

20 cm spacer (I Ocm 0 PVC tubmg) 
reflectIve cover 

~ ~ ~t:J~ ~ ~ ~ ~ ~ ~ ~t:J~ ~ 

.l' .l' ~.l'.l'.l'''.l'.l'.l'.l' .l' 

fl '\ r 1"1 T2 

"-

1'2 

Sealed storage cube Sealed storage cube 

./ "-

Tl & T2 = temperature loggers 

FIg 1 Set-up m flr~t IsraelI tllal to compare day-tIme temperatures at the upper lmer, between 
covered and uncovered sectIOn, dnd between cover wIth spacers and cover wIthout spacers 

Results of thIS fIrst tnal were mconclusive even though they mdlcated a decrease m 
temperature gradIent of the stack when protected by the cover Therefore a second tnal was 
undertaken In WhICh temperature measurements were recorded USIng data-loggers ("Hobo", 
Onset Computer Corp) to enable temperature gradIents to be momtored at mght-tIme, when 
condensatIOn problems are more acute However, m thIS case, an entIre cover was used, and a 
7-days on and 7-ddy~ off regIme was employed Here, the problem of fIXIng the cover above 
the cube became eVIdent To "solve" thIS plOblem, the edges of the cover (separated from the 
cube by spacers) were attached to cords that were drawn down and tred to the tenSIOn straps 
around the cube (FIg 2) 

However, In thIS way the SIdes of the space above the cube were sealed by the cover We 
belIeve that although we recorded a small reductIon m temperature gradIent due to the cover, 
the absence of thIS gap between the top surface of the cube and around the borders of the 
stretched cover-screen may have resulted m trappmg the heat between the cover and lIner 
dunng day-tIme Later, thIS heat dISSIpated rapIdly upwards through the screen as the rur 
above It cooled towards dusk Agam, results of thIS tnal are not gIven here 

" 

../ 
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10 cm spacer (1 Ocm 0 PVC tubmg) 

.. 
.. . 

Sealed storage cube 

TI & T2 = thermocouple pomts 

FIg 2 Tnal usmg protectIve cover pulled down at sIdes and attached to tensIOn straps 

The thIrd tnal m Israel was deSIgned to overcome thIS problem (FIg 3) 

20 cm spacer (lOcm 0 PVC tubmg) 

Attachment cord 

TI, T2 & T3 = Data loggers 

on 
0T2 
o T3 

Sealed storage cube 

Flg 3 Tnal m WhICh rur could freely move between the cover and the upper lmer of the cube 

In thIS trIal the reflectIve cover was stretched over the top of the cube usmg 20cm spacers, and 
care was taken to ensure that the cover was not brought down at the SIdes, but remamed WIth a 
gap to perrrut free aIr movement beneath the cover At weekly mtervals the cover was removed 
or replaced so that three alternatmg senes of recordmgs (cover on, cover off) were obtruned 
Three data loggers, set to record temperatures at one hour mtervals, were placed at the center 
of the cube, one above the lmer, one below the lmer, and one Withm the upper layer of bags at 
a depth of 10 cm At the end of the tnal the recordmgs were down-loaded mto an Excel 
spreadsheet 
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Results 
A summary of the amassed data IS provided III Table 1 The Table clearly reveals the 
attenuatIOn III druly temperature fluctuatIOns caused by the reflectIve cover Over the course of 
the tnal, the average druly temperature above the IIller was about 7 degrees lower, With the 
cover III place, than without It and thIS was partIcularly eVident dunng the daY-hme (hours of 
sunlIght) when there was a 10 to 15 degree temperature difference 

Table 1 Average weekly temperatures and temperature gradients recorded With and Without a reflective cover 

placed above a 10 ton capacity Volcam cube at Bet Dagan Israel (28th March to 10th June 1998) 

al Weekly averages 0 2 our recor mgs f 4 h d 

Week reflectIve above below lmer 10cm AmbIent Temp Temp Temp 

(1998) cover lmer tem--.l! I gradIent [gradIent Igradlent 

(A) (B) (C) (A-B) (A-C) (B-C) 

Avem~e With 227 223 21 7 21 6 04 1 1 06 

Average Without 269 261 239 226 24 46 22 

f I h h b) Weekly day-time avera~es 0 sun Ig. tours (9 t 6 am 0 Jpm 

Week reflectIve above below lmer lOcm Ambient Temp Temp Temp 

(1998) cover lmer TemJ.!. Igradlent [gradIent I gradIent 

(A) (B) (C) (A-B) (A-C) (B-C) 

Average With 292 271 21 1 263 21 8 1 60 

Average Without 435 358 233 267 78 203 125 

c) Weekly mght-tlme averages (7pm to 8am) 

Week reflectIve above below Imer 10cm Ambient Temp Temp Temp 

(1998) cover lmer TemJ.!. I gradIent I gradIent I gradient 

(A) (B) (C) (A-B) (A-C) (B-C) 

Avenlg_e With 18 1 189 220 183 -0 8 39 -3 2 

Aver~ge Without 183 195 243 196 -1 2 60 -4 8 

The temperature gradIents shown m the Table reveal the conditIOns that generate a contInuous 
rhythm of convectIon currents, when, dunng the rught, mOisture IS transported to the surface 
layers, and dunng the day-tIme the surface layers lose mOIsture as they heat up In the IsraelI 
clImate, we have shown (Navarro et al, 1996) that throughout the year there IS no marked net
mOIsture transfer to the surface III the storage cubes, and no speCial precautIOns need be taken 
However, already It has been already shown that for outdoor storage of dry grrun m the 
PhilIppmes, there was a contmuous though gradual process of mOisture transfer to the surface 
due to the fact that the net mOIstenmg effect at mght was greater than the net drymg effect 
dunng the day Therefore It was eVIdent that tnals would have to be carned out III the 
PtulIppmes to venfy whether thIS reflectIve lmer could serve as a replacement for the 
msulahng top layer of agncultural wastes as used m the present storage method for dry gram, 
or If It can effectIvely retard mOIsture mIgratIon dunng the storage of mtermedlate Me paddy 
under trOPICal conditIOns 
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TRIAL IN THE PIDLIPPINES 

Materials and Methods 
ThIS trIal was carned out m conjUnctIOn WIth a field tnal for storage of mtermedIate MC 
(approxImately 18%MC) paddy m order to evaluate quahty conservatIon, usmg two ten ton 
capaCIty cubes, one for a three month, and one for a SIX month duratIon 
An addItIOnal cube contammg dry paddy at 14% MC was set up for 5 months under a 
separate reflectIve cover but was not momtored for temperature graruents 
The cubes were set up at the BPRE (NAPHIRE) compound m Munoz usmg freshly harvested 
paddy (IR64) that was dned to approXImately 18% MC from hIgher MCs usmg a flUIdIZed 
bed dryer, and usmg paddy sun-dned to 14%MC 
In thIS trIal the 70% denSIty reflectIve covers were suspended over the cubes usmg a senes of 
poles and guy ropes to create a tent shaped awmng that also partIally protected the SIdes 
Temperatures were logged hourly above the lmers, below the lIners, 10 cm WIthIn the upper 
gram layer, and m the central core of the stacks at 18%MC The set-ups were as shown m 
FIg 4 

MOIsture contents at the dIfferent stack layers withm the cubes were recorded at the begmnmg 
and end of both storage pen ods 

FIg 4 Expenmental set-up of reflectIve lmer at Munoz, PhIhppmes 

Results 
A summary of temperature gradIents recorded over a representatIve penod of the dIfferent 
storage duratIOns (November - December) IS given m Table 2 For companson, day-tIme 
temperature gradIents recorded dunng a prevlOus tnal WIthout reflectIve cover (July - August) 
are also prOVIded 

The Table shows that WIth the reflectIve cover set up as an awmng over the cubes, temperature 
gradIents both at mght and day-tImes were small and compared favorably WIth those recorded 
m Israel 
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Table 2 Summary of 16 days of recordmgs taken by temperature loggers 10 a Volcam cube protected by a 

reflective cover at Munoz Phlhppmes 

a) Average d 1 ally 

ReflectIve cover (23 November 7 December) 

Temp (0C) Above Beneath lOcm Temp ~radlent Temp_gradIent Temp_gradIent 

Lmer Lmer Deep 

A B C A-B A-C B-C 

Average 284 276 280 08 04 -04 

dally 

Average max 366 352 304 30 8 1 69 

Average mm 236 228 262 12 -3 4 38 

b) A d verage ay-tlme 

Reflective cover (23 November 7 December) 

Temp (0C) Above Beneath lOcm Temp gradIent Temp gradient Temp_gradIent 

Lmer Liller Deep 

A B C A-B A-C BC 

Average 333 31 8 286 1 6 48 35 
daIly 

Average max 370 35 1 303 3 1 83 69 

Average mm 291 270 261 -09 12 14 

No cover (9 July 26 August) 

A B C A-B A-C B-C 

Average 3988 33 15 3098 673 889 217 
dally 

Avera~e max 5088 3943 3341 1423 1984 641 

Average mm 3012 2969 2836 073 -1 12 243 

c )A h verage mgJ t-llme 

Reflective cover (23 November - 7 December) 

Temp (0C) Above Beneath lOcm Temp gradIent Tell!~gradlent Tem...QZradlent 

Lmer Liller Deep 

A B C A-B A-C B-C 

Average 253 249 276 04 -28 -24 
mghtly 

Average max 289 289 299 1 2 -1 0 -09 

Average mm 236 228 260 04 -38 -3 4 

CalculatIOns based on average rught temperatures read-outs show that smce 18% MC paddy 
has an eqrnvalent EMH of 92% RH the water content of the arr at 10 em depth, would be 
about 25 19lm

3 
at 27 6"C If thIS rur nses due to the rught-tIme temperature gradIent and cools 

at the surface below the lmer to 24 9"C then at 100% RH It would contrun 23 Ig/m3 Namely 
there would be a condensation of 1 8 gm for every CUbIC meter of arr reachmg the upper 
surface 
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Although the data-logger records show that for most of the mght duratIOn, rur at 92% RH 
(=18% gram EMC) would become saturated when m contact WIth the upper plastic lrner, the 
very small temperature grachent would produce only feeble convection currents For a chrect 
evaluation of the net effect of mOIstenmg of the surface layer at mght-tIme and drymg dunng 
the day-tIme, the MCs at the top of the stack were eXamIned after 3 and 6 months These 
fmdmgs are gIven m Tables 3 and 4 

Three months storage 18%MC From Table 3 It can be seen that after 3 months, mOIsture 
mIgratIOn had caused an mcrease of 4% MC m the top layer and 2% MC m the second layer 
Smce MCs above 18% (EMH = 92%) enable the development of yeasts and bactena that can 
cause rottIng and the development of unpleasant odors, the organoleptIc charactenstIcs of the 
paddy were also senously affected 

Table 3 Average mOisture contents of intermediate mOIsture content paddy hermetically stored In a Volcam cube 

m the Philippines for 3 months 

Position Composite Begmmng 3 months Composite sample (all 

bags m each layer of Average 

stack (3 readmgs) 

sample (Av 6 22-Nov-98 23-Feb 99 23 Feb 99 

readmgs 

Top 1 180 193 Top 1 220 

2 179 198 2 204 

3 180 201 3 180 

4 180 

1 180 172 5 183 

Middle 2 180 173 6 183 

3 182 175 Bottom 7 180 

Table 4 Average mOisture contents of intermediate mOisture content paddy hermetIcally stored In a Volcam cube 

for 6 months 

Position Composite Begmnmg 3 months Composite sample (all 

bags m each layer of Average 

stack) (3 readmgs) 

sample (Av 6 22-Nov-98 21-May-99 21-May-99 

readmgs 

Top 1 183 248 Top 1 285 

2 175 286 2 210 

3 176 214 3 182 

4 177 

1 180 183 5 170 

Middle 2 179 186 6 170 

3 176 184 Bottom 7 167 
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Szx months storage 18%MC Table 4 shows that the contmued upwards movement of 
mOIsture resulted m even hIgher Mes at the upper layers at the end of the 6 month storage 
penod However, here agam the accumulatIOn of mOIsture was only noted m the top two 
layers 
Dry gram storage At the end of the 5 month storage penod, (7th December 1998 to 5th May 
1999) the stack was opened and exammed, and although a comprehenSIve exarnmatIOn of 
mOIsture contents by stack layer was not undertaken, the spot tests at the top of the cube 
revealed that there was no perceptIble mcrease ill Me, and the gram was dry throughout the 
stack 

SUMMARY AND CONCLUSIONS 
The tnals m Israel showed that the reflectIve covers had a strong attenuatmg mfluence on the 
development of temperature gradIents and condensatIOn at the top of the Volcaru cubes placed 
m the open, provIdmg a space for free movement of arr was provIded between the cover and 
the plastIC lmer Tills was confIrmed m the PilllIppmes, but fIeld tnals WIth 18% Me paddy 
showed that tills msulatmg effect was not suffiCIent to prevent a gradual buIld-up of mOIsture 
at the surface layer However, for dry paddy, It was shown that after five months storage 
under a reflectIve cover, no perceptIble mcrease m mOIsture content was found at the top of the 
stack and the gram remamed m good condItIon 
As a result of these findmgs, a deCISIOn was taken to dlscontmue recommendatIons for 
mclUSIOn of a protectIve layer of agrIcultural wastes at the top of the stack to be replaced every 
three months (Navarro et al 1996) Instead, a SUItably SIzed reflectIve cover would be mcluded 
m the carrymg bag of the storage-kIt, and mstructIOns on settmg up the cover would be added 
to the manual Two addItIOnal confIguratIons for posltIonmg the reflectIve cover are gIven ill 
r-~ 

FIg 5 Addttlonal confIguratIOns for pOSItIorung the reflectIve cover above the storage cube 
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